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Abstract

Introduction—Sepsis remains a leading cause of death worldwide. Despite years of extensive
research, effective drugs that inhibit the pro-inflammatory effects of lipopolysaccharide (LPS) and
improve outcome when added to conventional sepsis treatments are lacking. Eritoran tetrasodium
(E5564) is a promising candidate therapy for sepsis belonging to a new class of such drugs which
inhibit LPS-induced inflammation by blocking toll-like receptor 4 (TLR4).

Areas covered—This review focuses on the rationale for the use of eritoran tetrasodium in
sepsis, as well as on its pharmacokinetics, pharmacodynamics, efficacy and safety. Pre-clinical
and clinical studies from a MEDLINE/PubMed literature search in August 2010 with the search
terms “eritoran” and “E5564” are discussed.

Expert opinion—~Preclinical in vitro and in vivo studies of eritoran tetrasodium indicate it can
limit excessive inflammatory mediator release associated with LPS, and improve survival in sepsis
models. While early clinical results are promising, its efficacy and safety for treating patients with
sepsis is currently under investigation. Even if the ongoing phase 111 clinical trial enrolling patients
with severe sepsis and increased risk of death shows benefit from eritoran, questions remain and
confirmatory studies will be necessary to define its clinical usage.
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1. Introduction

Stimulation of innate immune and associated inflammatory responses by microbial products
is an essential early step in host defense and microbial clearance during invasive bacterial
infection. It is hypothesized, however, that in some patients this response can become
excessive or poorly controlled, and host inflammatory mediator release itself may then
contribute to the organ injury, hypotension and mortality characterizing sepsis and septic
shock. A pivotal component of innate immunity is recognition of conserved microbial
components, termed pathogen associated molecular patterns (PAMPs), by receptors on host
leukocytes. When selectively engaged by PAMPSs, these receptors stimulate host
intracellular signaling pathways, which in turn activate an array of pro-inflammatory
responses (e.g., phagocytosis and release of inflammatory mediators) 174,
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One of the most studied microbial PAMPs is lipopolysaccharide (LPS) or endotoxin, a
component of gram-negative bacterial cell walls which is well known for its ability to
stimulate pro-inflammatory responses. LPS binds to toll-like receptor 4-myeloid
differentiation factor 2 complexes (TLR4-MD2) on host-cell surfaces and promotes their
dimerization. This initiates intracellular signaling, including activation of nuclear
transduction factors (e.g., nuclear factor kappa B, NF-«B) and the production and release of
pro-inflammatory cytokines, chemokines and other molecules (TNF-q, IL-1, IL-6, IL-8,
kinins, histamines etc.) (Figure 1A)°.

While intact LPS signaling appears important for the clearance of gram-negative bacteria in
animal infection models, it is believed also to be associated with the excessive inflammatory
response related to sepsis®2. Thus, despite its potential contribution to innate immunity,
LPS remains a logical target for inhibition in the treatment of severe sepsis and septic shock
(Figure 2)10. Previous attempts to block LPS signaling clinically included use of monoclonal
antibodies against not only LPS, but also associated molecules like CD14 and downstream
cytokines like TNF-a. Since TLR4 is the final cell-surface receptor through which LPS
mediates its intracellular effects, it may be a more efficacious target.

The ideal TLR4 antagonist should have strong inhibitory effects without any agonist
activity. TLR4 antagonists include molecules such as eritoran and its predecessors (e.g.,
E5531), resatorvid (TAK 242, a small molecule inhibitor of TLR4-CD14 mediated
intracellular signaling), and antibodies targeting the TLR4 receptor. Of note, some
therapeutic agents such as ketamine, opioids and statins may also non-selectively interfere
with TLR410-12,

2. Eritoran tetrasodium

2.1 Overview of Lipid A analogs with TLR4 antagonist actions

LPS is a complex molecule made up of three main parts; the O antigen polysaccharide, the
core oligosaccharide and the lipid A region (Figure 1B). While the O antigen and core from
different bacterial species vary, the lipid A region, which is also the main toxicophore of
LPS, appears to be highly conserved!3. Naturally occurring lipid A’s from Rhodobacter
capsulatus and sphaeroides lack potent agonist activity, but inhibit the effects of E. coli
derived LPS14. Lipid A from R. capsulatus was the basis for the synthesis of E5531, a stable
and non-toxic LPS antagonist in endotoxemia models. Difficulties with large scale synthesis
and purification of E5531 led to development of the second-generation LPS antagonist
E5564 (eritoran tetrasodium)1®.

2.2 Introduction to Eritoran tetrasodium

Eritoran tetrasodium is a structural analog of the lipid A from R sphaeroides (RsLA),
originally synthesized at the Eisai Research Institute of Boston (Andover, MA)1°. Eritoran
competitively binds to TLR4-MD2 and inhibits LPS from initiating an inflammatory
response without significant intrinsic agonistic effects. It blocked NF-xB activation, and
TNF-a and IL-6 production following LPS stimulation in vitro and in vivo, both in animal
and human models of endotoxemial®. Eritoran conferred a survival benefit in animal models
of bacterial sepsis. Phase | and Il studies showed eritoran could inhibit endotoxin challenge
induced cytokine production. A phase Il study in septic patients showed possible survival
benefits in subgroups. Other investigators are studying its use for treating various other
potentially TLR4 mediated conditions, e.g., chronic LPS-mediated airway disease,1’ liver
disease,8: 19 contact lens-associated corneal inflammation,2? myocardial and renal
ischemia-reperfusion injury?l: 22,
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2.3 Chemistry

The chemical name of eritoran is a-D-Glucopyranose,3-O-decyl-2-deoxy-6-O-[2-deoxy-3-
0-(3R)-3-methoxydecyl]-6-O-methyl-2-[[(11Z)-1-0x0-11-octadecenyl]amino-4-O-
phosphono-B-D-glucopyranosyl]-2-[(1,3-dioxotetradecyl)amino]-1-(dihydrogen phosphate),
tetrasodium salt (Box 1)23. It is a synthetic glycolipid dimer containing an ether linkage,
derived from naturally occurring RsLA15. Compared to its predecessor E5531, eritoran is
more potent in its anti-endotoxin effects, longer acting (due to less inactivation by plasma
lipoproteins) and easier to manufacture. No LPS-like agonist activity has been observed in
humans, dogs, rats and mice treated with eritoran, although it has been noted in equine
whole blood15: 24. Eritoran does not directly interact with TLR4, but competes with LPS in
binding to the hydrophobic pocket in MD-2 and deters dimerization of TLR4-MD2
complexes, thus inhibiting intracellular signaling5: 25+ 26. While LPS interaction with
TLR4-MD-2 on the cell surface occurs through a series of steps involving other molecules
such as I%PS binding protein (LBP), sCD14 and mCD14, eritoran interacts with TLR4-MD2
directlyl6.

2.4 Pharmacodynamics

The pharmacodynamic effects and half-life of eritoran are dose dependent, and much shorter
than its pharmacokinetic half-life, as the drug rapidly becomes inactive in whole blood and
serum, possibly due to binding with HDL24 27_ Eritoran’s duration of action can be
extended by using higher doses and by continuous or intermittent infusions28. The 50%
inhibitory concentration (1Csp) necessary to block LPS-induced responses varies with the
timing of administration of eritoran in relation to LPS, as well as dose and bacterial type of
LPS challenge (Table 1)16. The concentration of eritoran that completely abolishes cytokine
production in response to LPS also varies with individual cytokines. Although similar doses
of eritoran (unadjusted for weight) produced somewhat higher drug levels in females
compared to males in a phase | study, this did not appear to produce significantly different
pharmacodynamic activity or safety profiles2S.

2.5 Pharmacokinetics and metabolism

Intravenous eritoran appears to have linear pharmacokinetics. Maximum concentrations
(Crnax) Of the drug in serum are achieved in a dose dependent fashion at the end of infusion,
as determined by the area under the plasma concentration versus time curve (AUC). The
volume of distribution at steady state (Vss) is relatively small — about 40-55mL/kg - even
after longer, higher dose infusions, indicating that eritoran is not widely distributed to other
body tissues. Plasma clearance is slow (around 1mL/h/kg) and inversely proportional to the
dose, and its elimination half-life is consequently relatively long (t1» ~ 50h). Eritoran
pharmacokinetics do not differ significantly between men and women after adjustment for
body weight2/=29,

Since eritoran and its predecessor E5531 gradually become inactive upon binding to high
density lipoprotein (HDL) in plasma, drug distribution within plasma lipoproteins has been
the subject of some study29: 30. Binding to lipoproteins occurs quickly (within 5 min),
without significant subsequent redistribution between various lipoprotein fractions. Drug
dose or total cholesterol levels do not significantly affect distribution of eritoran in plasma
proteins; > 60% of the drug was recovered from the HDL fraction, ~15% from low density
lipoprotein (LDL) and < 5% from very low density lipoprotein (VLDL) in subjects with
either high or low cholesterol levels.30 However, partitioning of the drug within the
lipoprotein fractions was dependent on the relative size and content of these fractions.
Eritoran has an affinity for HDL, and more drug was recovered from HDL in those subjects
who had higher HDL levels, and likewise from the non-HDL compartments. Within the
HDL compartment, it preferentially associates with HDL 3, which contains more protein,
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compared to HDL,. Eritoran is highly soluble in the lipid portion of the non-HDL fractions
(LDL and triglyceride-rich lipoprotein, TRL), and drug binding to HDL is influenced by
LDL and TRL lipid mass and surface area, but not their surface charges?®: 30. LBP does not
alter the distribution and binding of eritoran to plasma lipoproteins31.Since septic patients
can have alterations in plasma lipoprotein content, these findings may have to be considered
during clinical use of eritoran30.

Based on rat studies, shortly after infusion most of the drug is found in plasma, but this
decreases over time as it is taken up by the liver and to a lesser extent by the adrenal gland,
bone marrow, lymph nodes and spleen. Overall, total blood clearance of the drug is much
smaller than hepatic blood flow. It is converted to its inactive metabolites by
dephosphorylation. These metabolites are eliminated slowly from the body mainly through
feces32, Eritoran formulated in small micelles (8 nm) resulted in increased AUCq_7p, and
drug c%gcentration at 5 min, and decreased clearance than large micelles (27 nm) in
rabbits°.

Since eritoran is mainly metabolized hepatically, the effects of liver disease on eritoran
pharmacokinetics were studied in volunteers with Child Pugh class A and B liver disease34.
Six doses (total 30mg) of eritoran were infused every 12 h and blood was collected at
multiple time points for analysis. There were no measurable differences between healthy and
hepatically-impaired subjects in terms of eritoran pharmacokinetics, suggesting that dose
adjustment would be unnecessary when using the drug in patients with liver disease.
However, since eritoran is hepatically metabolized, its use in patients with various forms of
hepatic dysfunction or in those requiring other therapies that alter hepatic metabolism may
still require adjustment.

2.6.1 Pre-clinical studies—Using whole blood or monocytes from humans as well as
blood or macrophages from mice, rats or guinea pigs, eritoran has been shown to inhibit LPS
stimulated cytokine (IL-1B, TNF-a, IL-6 and IL-8) production in ex vivo assays?.
Furthermore, in vivo studies have demonstrated the efficacy of eritoran in blocking
responses to intravenous LPS in BCG-primed mice, guinea pigs and rats, as well as in dogs
and humans. Few studies in animals investigated the effect of eritoran on LPS or bacteria
induced mortality (outlined in Table 2 and 3). Indeed, the only study we know of that
evaluated eritoran in an immunocompetent animal model employing a live bacterial
challenge and concurrent antibiotic treatment (i.e., simulating important conditions
encountered clinically) was performed by our group3®. We tested the effects of varying
doses of eritoran given at differing times before or after intravascular (1V) or intrabronchial
(IB) E. coli challenge; results suggested that effective dosing with eritoran was dependent on
both the timing of treatment and the route of infection (Figure 3).

2.6.2 Phase 1 clinical studies—Phase I studies in humans established that eritoran
effectively inhibited cytokine production and clinical symptoms in response to LPS (Table
4)27=29: 34: 36: 37, This inhibitory activity was dose dependent and diminished faster than
plasma clearance of the drug. The loss of activity over time could be attenuated by higher
doses administered more frequently; drug activity was retained for up to 72h after infusion
with the highest dose tested in humans (252mg infused over 72h). Additionally, intermittent
doses could replace continuous intravenous infusions. The only notable side effect of
eritoran in these studies was a dose-dependent incidence of phlebitis.

2.6.3 Phase Il study in cardiac surgery—A randomized, placebo-controlled, double
blind, ascending dose trial of eritoran in patients undergoing coronary artery bypass graft
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and/or cardiac valvular surgery on cardiopulmonary bypass was performed in nine US
hospitals between July 2003 and April 200438, Patients received a 4h infusion of one of the
following treatments starting 1h prior to surgery: placebo (n = 78) or eritoran 2 mg (n = 24),
12 mg (n = 26) or 28 mg (n = 24). Only one death occurred within 28 days in this trial, and
this was in the 28 mg eritoran group. No significant differences were noted in outcomes
(laboratory and postoperative parameters, serious adverse events, hospital and ICU length of
stay and 28 day all-cause mortality). While eritoran did not appear to cause toxicity, it also
did not reduce markers of inflammation i.e., fever, or serum IL-6 or CRP levels. Potentially,
this lack of anti-inflammatory effect could have been related to inadequate dosing of eritoran
or to significantly greater LPS exposure in cardiac surgery patients compared to human
endotoxemia models. It is also possible that inflammation in this instance is not driven
through the TLR4 pathway, thus making eritoran use ineffective.

2.6.4 Phase Il study in sepsis—A single phase Il, prospective, randomized, double-
blind, placebo controlled, ascending dose, multi-center study testing the safety and
tolerability of eritoran in patients with severe sepsis has been completed3®. Stratified by the
Acute Physiology and Chronic Health Evaluation 11 (APACHE-II) score, septic patients
with a 20-80% predicted risk of mortality were randomized to placebo (n = 96), or eritoran;
45mg (n = 103) or 105mg (h = 101). Eritoran did not significantly reduce overall mortality
at 28 days (32% with 45mg, 26.6% with 105mg vs. 33.3% with placebo; p values non-
significant). The higher dose was noted to produce a trend towards decreased mortality
(33% vs. 56% with placebo, p = 0.105) in a prospectively defined subgroup with the highest
risk of death (APACHE Il score > 28). However, there also appeared to be a trend towards
increased mortality with the higher eritoran dose compared to placebo (12% vs. 0%, p =
0.083) in the subgroup with the lowest risk of death (APACHE Il score < 21) (Figure 4). Of
note, benefit to high risk, but harm to low risk groups has been noted with other anti-
inflammatory agents in sepsis 40. Interestingly, eritoran did not significantly alter cytokine
(IL-6) levels in this study. This absence of inhibition could be secondary to inadequate drug
levels; however, the investigators report that median drug levels achieved with both doses
(2206 ng/mL and 4338 ng/mL, respectively) would have been sufficient to completely block
the amount of LPS usually observed in patients with severe sepsis (mean endotoxin levels ~
0.6ng/mL in the study by Opal et al.)*1.

2.6.5 Phase lll studies in sepsis—An international multi-center trial in adults with
severe sepsis using 105 mg of intravenous eritoran has been completed and its results are
under analysis. Sponsored by Eisai Inc., it is known as the ACCESS trial (A Controlled
Comparison of Eritoran and Placebo in Patients with Severe Sepsis). Based on the phase II
trial results described above, with eritoran showing possible benefit in high-risk patients, but
potentially the opposite in low risk patients, this trial was designed to only enroll septic
patients with a high predicted risk of death, i.e., with APACHE Il scores 21 to 37.
(ClinicalTrials.gov identifier: NCT00334828).

2.7 Safety and tolerability

In dogs, eritoran was noted to be safe when infused intermittently to achieve steady state
plasma levels of 20-40 mcg/mL for 14 days?*. A dose and time dependent increase in the
incidence of phlebitis at the site of intravenous infusion was noted in phase | human studies,
although this appeared to have diminished with intermittent infusions26: 27+ 38_patients who
got eritoran in the phase 1l sepsis study demonstrated a higher rate of phlebitis, but this did
not reach statistical significance (3% vs. 0% for placebo, p = 0.21) 39, In those patients who
received one or more doses through a peripheral vein instead of a central venous catheter,
the incidence was higher (5.7 — 6.7%). There was also increased acute renal failure
associated with eritoran use (p = 0.05). Compared to placebo, the higher dose group had
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more episodes of elevated creatinine (p = 0.03) and transaminases (p = 0.086). Although not
statistically significant, patients who received 105mg of eritoran had a higher incidence of
atrial fibrillation (p = 0.18) compared to placebo.

3. Conclusion

Based on 20 years of comprehensive and rigorous scientific research, eritoran tetrasodium
appears to be a potentially effective therapy for the inhibition of LPS in severe sepsis and
septic shock. Currently, clinical evidence is being gathered for its efficacy and results of a
phase I11 trial will be available soon. If found effective in this phase Il trial (and a
confirmatory study), it will be one of the few strategies shown to successfully change
outcomes in septic patients in recent times*2. However, for several reasons, if eritoran fails
to improve outcome in this trial, questions must be raised regarding the anti-LPS approach
for the therapy of sepsis. First, the science underlying the development of eritoran for sepsis
was of high quality and its specificity for inhibiting LPS-associated inflammation was well
documented. Second, the Phase 11 trial investigators have taken into account lessons learnt
from previously conducted clinical trials testing anti-inflammatory agents in sepsis. Notably,
based in part on trends seen in the Phase Il trial, the Phase 11 trial has specifically targeted
septic patients with a higher risk of death in whom an excessive and deregulated
inflammatory response is likely to contribute to a worse outcome.

4. Expert opinion

The last two decades have seen a variety of approaches targeting LPS-related inflammation
to improve outcomes in sepsis*3. Several trials of an anti-LPS antibody failed to show
consistent clinical efficacy, perhaps because these therapies did not completely block the
effects of LPS, due to low specificity or affinity for toxin40: 44747, Anti-CD14 antibodies
may have been unsuccessful because of the difficulty in saturating all CD14 molecules*®.
Multiple anti-inflammatory therapies for sepsis have also shown disappointing effects
clinically, perhaps because these trials were underpowered“C,

Besides true lack of drug efficacy, it is possible these therapies were tested using
inadequately designed studies. If anti-inflammatory therapies benefit only certain subgroups
of septic patients, proving their efficacy using the heterogeneous populations recruited in
most clinical sepsis studies would be difficult. In septic patients in whom the inflammatory
response is protective, and who are unlikely to die from it, depressing inflammation with
drugs might actually cause harm. However, in those in whom inflammation is excessive and
itself causes injury, treatment with anti-inflammatory agents could prove beneficial and
reduce mortality. Including both these populations in a clinical study without accounting for
underlying risk of death could make it difficult, if not impossible, to determine the therapy’s
true merit.

That a relationship exists between risk of death and efficacy of anti-inflammatory agents is
suggested by the results of trials of Lenercept, IL-1ra, afelimomab, rhAPC and
corticosteroids#9—>4. Meta-regression analysis of clinical trials of these therapies found that
as sepsis-associated risk of death increased, so did the benefit of these therapies. However,
these therapies were not beneficial but potentially harmful in patients with a low risk of
death®5: 56, A similar relationship may exist between the severity of sepsis and the efficacy
of eritoran as noted in the phase Il clinical trial (Figure 5)°’.

Well-designed clinical trials accounting for the underlying risk of death may lead us closer
to finding effective sepsis therapies. The Phase I11 clinical investigators using eritoran
appear to have taken underlying severity of sepsis into consideration; they have recruited
only patients at a high risk of death, denoted by APACHE |1 scores of 21-37. However, the
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APACHE 11 score was not designed to predict individual patient mortality, but rather to
gauge the severity of illness of an ICU population. The APACHE 11 score is subject to
variation based on patient case mix, location (e.g. emergency room vs. intensive care unit) as
well as the time it is calculated. Although the score is increasingly used to help determine
who should be treated (or randomized), its use as such has not been prospectively validated.
Other methods to risk-stratify patients similarly require validation®8.

Difficulties also lie in the inherent differences between pre-clinical and clinical trials of
therapies for sepsis. In pre-clinical and phase I clinical studies, efficacy of eritoran was
demonstrated by its ability to block LPS-induced changes in cytokine levels or clinical signs
and symptoms. With the exception of a few animal studies, most pre-clinical studies were
performed in the artificial setting of an LPS challenge rather than live bacterial infection.
LPS levels can be elevated in both gram-positive and gram-negative infections, but it is not
the only pathogenic molecule that stimulates an immune response (and inflammation) in
sepsis. Moreover, LPS levels can be undetectable in both gram-negative and gram-positive
infections using very sensitive assays (down to the micromolar range)®®. Eritoran is specific
for TLR4-MD2, and may not block other pathways. In fact, ex vivo studies showed that
eritoran inhibited induction of TNF-o in human blood when incubated with gram-negative
bacteria (E. coli), but not gram-positive bacteria (S. aureus) 16 which may signal
intracellular responses via TLR2. About a quarter of all patients in the Tidswell study were
infected with gram-negative bacteria alone, a third with gram-positive bacteria alone and a
tenth with mixed organisms, but elevated endotoxin levels were detected at baseline in
~70% of patients. However, exploratory analyses showed that type of pathogen, or indeed
endotoxin levels, did not appear to influence outcome3®.

Furthermore, inhibition of TLR4 may have as yet unknown deleterious effects. While TLR4
deficient mice are resistant to LPS, they are simultaneously extremely susceptible to gram
negative infections. TLR4 signaling is an important part of the innate immune response, and
inhibition of this response may hinder timely recognition and clearance of infectious
pathogens, resulting in possible harm. It has been reported that TLR4 mutations which
render the receptors non-functional are associated with an increased sepsis associated
mortality and susceptibility to gram negative infections80-62,

Yet other variables deserving attention are the timing and dosing of eritoran. In the majority
of pre-clinical and phase 1 clinical studies eritoran was administered either before or at the
time of LPS/bacterial challenge. However, one rat study which attempted to simulate
clinical conditions (eritoran administered 1 or 3 h after a live bacterial challenge) found that
efficacy diminished with delayed administration3®. This loss in efficacy could partly be
overcome by using a higher dose of the drug for intravascular infection but, notably,
lowering the dose appeared more effective for extravascular infection (Figure 3). Thus,
eritoran may have to be administered early in sepsis to show benefit, and its dosing may
have to be altered based on the source of underlying infection. Optimizing such delivery
clinically may be challenging.

Given the dearth of new therapeutic options for sepsis over the past three decades, success
with eritoran would be welcomed by clinicians. However, many questions still remain, and
will hopefully be answered by the results of the phase Il clinical trial. Even if this trial
shows eritoran to be effective, past experience in the field of sepsis suggests that
confirmation of its benefit will be necessary#2. Furthermore, if there is a potential for the
therapy to adversely affect outcome in certain subgroups (e.g., septic patients with a lower
risk of death), it will be important to clearly define how patients can be reliably identified
for treatment during broad clinical application. Finally, failure of eritoran in well-conducted
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psis trials must raise fundamental questions about the importance of circulating LPS as a

therapeutic target in sepsis. 6366
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CH,

Eritoran

A. LPS signaling through TLR4-MD?2 interaction. Molecules are not drawn to scale.
Reproduced from [5] with permission from the Nature Publishing Group. B. Comparison of
chemical structures of E. coli lipid A, R. sphaeroides lipid A and eritoran. Reproduced, with
permission from Thomson Reuters and Rossignol DP, Lynn M: TLR4 antagonists for
endotoxemia and beyond Current Opinion in Investigational Drugs (2005) 6(5):496-502.
Copyright 2005, Thomson Reuters (Professional) UK Limited (TRPUL).” [66]

Expert Opin Drug Metab Toxicol. Author manuscript; available in PMC 2012 April 1.



1duosnuey JoyIny vd-HIN 1duosnuey JoyIny vd-HIN

1duosnuey JoyIny vd-HIN

Barochia et al.

Agonistic LPS
(Endotoxins)

—

TLR4-MD2 ’ DmCDM

Page 13

PAF, Thromboxane A2
Leukotriene C4
Prostaglandin E2

Superoxide Anion O,-
Hydroxyl Radical -OH
Nitric Oxide NO

' Monocyte/Macrophage |
IFNy
LIPID MEDIATORS REDUCED OXYGEN SPECIES CYTOKINES / CHEMOKINES

TNF-q, IL-1B, IL-6, MIF, IL-15, IL-12, IL-18, IFNa,
IFNB, LIF, IL-8, MCP-1, MCP-3, MIP-1a, MIP-1B,
MIP-2, M-CSF, G-CSF, GM-CSF, IL-10, TGFB

Balanced Physiological
Levels of Mediators

\ J
1
Dysregulated Pathological
Levels of Mediators
PHYSIOLOGICAL EFFECTS PATHOLOGICAL EFFECTS
High Fever / Shaking Chills
Moderate Fever Hypotension
Killing of Microorganisms Disseminated Intravascular Coagulation /
Antiviral Immunostimulation Thrombosis

Adjuvant activities

Antitumoral Immunoactivation

Multi-organ dysfunction
Multi-organ failure
Lethal Shock

Figure 2.

Macrophage mediated activation of innate immunity by LPS. Extracellular LPS is
transferred to membrane bound CD14 (mCD14) by the action of LPS binding protein (LBP),
and then interacts with TLR4-MD2 complex to initiate an intracellular response. In
physiological situations, LPS signaling via TLR4-MD?2 results in comparably small amounts
of cytokine and chemokine mediator release, leading to activation of host defences against
invading micro-organisms. If this response is deregulated, unbalanced levels of
inflammatory mediators lead to a pathological state with life-threatening results as seen in
severe sepsis or septic shock. (Adapted from [14] with permission from Sage Publications.
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Figure 3.

Effect of eritoran (E5564) on the hazard ratio for death (mean + SE) in E. coli challenged
rats with varying drug doses, times of treatment and routes of infection. Sprague-Dawley
rats (n = 1550) were challenged with intravascular (IV), intrabronchial (IB) or
intraperitoneal (IP) E. coli (designed to produce 60-70% mortality in controls), and treated
with eritoran (0.03 to 3mg/kg IV bolus, followed by a 24h infusion of 10% of this dose/h) or
placebo at 1h prior to, or 1 or 3h after infection. A. Effect of increasing doses of E5564
administered 1 h before 1V challenge (p = 0.0001, for all doses combined). B. Effect of
delaying treatment in IV challenged rats, for different doses of eritoran. Across all treatment
doses, eritoran was less beneficial when delayed (p = 0.004, for loss of beneficial effect for
delayed [1 or 3 h] vs. early [—1 h] treatment). C. Effect of increasing doses of eritoran
administered 1 h after IV or extravascular (IP or IB) challenge. An inverse pattern was
found: increasing doses of eritoran were more beneficial for intravascular challenge, but less
beneficial for extravascular challenge. (Reproduced from [35] with permission of Oxford
University Press).
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Figure 4.

A. All-cause mortality at day 28 by treatment groups in the modified intention-to-treat
population (total n = 293) from the Tidswell et al. study. Although mortality was lower in
the eritoran 105mg group, it was not statistically different from placebo. B. All cause 28-day
mortality in pre-specified subgroups defined by APACHE |1 quartiles treated with eritoran
105mg. Quartile I corresponds to an APACHE Il score < 21, (n = 25, eritoran and n = 23,
placebo); quartile 2, score 21-24 (n = 22, for both eritoran and placebo); quartile 3, score
25-28 (n = 26, eritoran and n = 19, placebo); and quartile 4, score > 28 (n = 21, eritoran and
n = 32, placebo). Mortality in the treated group was lower than placebo for the 4™ quartile
with the highest APACHE Il scores, but higher than placebo in the lowest quartile, with
APACHE 11 < 21. Reproduced from [39]; with permission of Wolters Kluwer Health
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Figure 5.

Relationship between severity of illness and efficacy of eritoran in septic patients
randomized to eritoran vs. placebo (Tidswell et al). Patients were divided into quartiles
based on their APACHE Il score. Odds ratios of survival for each quartile of patients
receiving eritoran were plotted against control odds of death calculated from observed
mortality in the corresponding quartile of the placebo arm. The odds ratios of survival are
shown as circles with 95% confidence intervals shown by the vertical lines. The regression
lines in this figure show that the effect of both low (45mg) and high (105mg) dose eritoran,
either separately (panels A and B, respectively), or combined (Panel C) were similar, and
appear directly related to control odds of death. Both doses were most beneficial in the
APACHE I quartile with the highest control mortality rate, but this benefit declined as
control mortality rate decreased, and was no longer evident in the quartile with the lowest
mortality rate. The correlation between effect and control odds was high (r > 0.97 for each),
and the slope of each regression line was significant (p < 0.025). (Reproduced from [57]
with permission of Wolters Kluwer Health).
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Mean inhibitory concentrations (ICsg) of eritoran required to inhibit TNF-a production by 50% in whole
human blood incubated with LPS (10 ng/mL, except for S. enteritidis, which was 1ng/mL) from various

bacterial strains or with whole killed bacteria (dry weight 100ng/mL). Adapted from Reference 16 with
permission from the American Society of Pharmacology and Experimental Therapeutics.
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Agonist used to stimulate TNF-a production  Amount of TNF-a released (Mean + SE, pg/mL)  1Cso (mean + SE) of Eritoran (nM)

Bacterial Source of LPS

S. minnesota 2793 £ 99
S. marcescens 3128 +91
S. typhimurium 3091 £182
K. pneumoniae 2868 + 104
S. minnesota R595 1578 + 284
S. enteritidis 2279+ 184
E. coli 1142 155
P. aeruginosa 2027 £ 185
Type of whole killed bacteria
E. aerogenes (ATCC) 2165 + 299
E. aerogenes (clinical isolate) 2558 + 389
Whole E. coli 3172 £ 413

124+5.1
10.3+6.2
9.4+6.7
85+5.0
76+29
2.6 +0.47
1.6+0.3
1.0+021

15+07
1.2+05
0.65+0.32
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