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CytoFab™ Licensing Agreement

Anti-TNF-alpha Polyclonal Fab 
Fragment for Sepsis

Thursday 8 Dec 2005
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Cautionary Statement Regarding 
Forward-Looking Statements

In order to utilise the ‘Saf e Harbor’ prov isions of the United States Private 
Securities Litigation Ref orm Act of 1995, AstraZeneca and Protherics are 
prov iding the f ollowing cautionary statement.  This presentation contains 
f orward-looking statements with respect to the f inancial condition, results of 
operations and businesses of AstraZeneca and Protherics.  By their nature, 
f orward-looking statements and f orecasts inv olve risk and uncertainty 
because they relate to ev ents and depend on circumstances that will occur in 
the f uture.  There are a number of factors that could cause actual results and 
dev elopments to differ materially f rom that expressed or implied by these 
f orward-looking statements.  These f actors include, among other things, the 
loss or expiration of patents, marketing exclusivity or trade marks; exchange 
rate f luctuations; the risk that R&D will not y ield new products that achiev e 
commercial success; the impact of competition; price controls and price 
reductions; taxation risks; the risk of substantial product liability claims; the 
impact of any f ailure by third parties to supply materials or serv ices; the risk 
of delay to new product launches; the difficulties of obtaining and maintaining 
gov ernmental approv als for products; and the risk of env ironmental liabilities.
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Presentation Overview

1. Deal overview
2. Sepsis and TNF-a
3. CytoFab™ : pre-clinical and clinical data

4. Commercial opportunity
5. Summary
6. Q&A
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CytoFab™
An In troduction

CytoFab™ is an ovine anti-TNF alpha polyclonal Fab 
fragment being developed for sepsis

� Phase IIb complete: positive results

� Completed End-of-Phase II meeting with FDA

� Phase III anticipated to start 2007 following 
manufacturing improvements
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The Agreement

AstraZeneca is responsible for global development and 
commercialisation of CytoFab™ in all human 
applications

Protherics is primarily responsible for the manufacture of 
CytoFab™ bulk drug

� Established manufacturing operations for Protherics’ 
currently marketed products (DigiFab™ & CroFab™)
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Deal Structure
CytoFab™

Deal consideration could be worth £195m based on 
upfront and milestone payments
� Upfront payment £16.3m post Hart-Scott-Rodino

� Upfront equity investment £7.5m at a 30% premium 
post Hart-Scott-Rodino

� Manufacturing, development, and launch related 
milestones

� No sales performance related milestones
� 20% royalties on global net sales 
� Payments for commercial supply
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Sepsis:  An Inflammatory  
Syndrome

Overv iew
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What Is Sepsis?

A severe illness accompanying severe infection
� An infection in one location (e.g. the lung) produces a 

severe inflammatory reaction that ‘spills over’ into the 
rest of the body

� and thus produces collateral damage at a distance 
e.g., low blood pressure, kidney injury, & more

Sepsis is associated with a high mortality

Even if you control t he infection and t hus win t he battle,
you may lose the war to sepsis
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Sepsis is an Inflammatory 
Cascade

Microbial products (antigens) cause 
white blood cells to secrete 
cytokines

First-level cytokines trigger second-
level cytokines
� These trigger more cytokines
� And induce things such as:

� Fever
� Inappropriate coagulation
� Organ dysfunction
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Key Elements of the Cascade

LPS: Gram-negative bacteria

LTA: Gram-positive bacteria

Glucan: Fungi

Microbial Antige ns

Various
immune

cel ls

TLR4

TLR2

Others

Receptors & 
Response

TNF-a

IL-1

Inflammator y
Cascade

IL-6

IL-8

• Other cytokines

• Complement activation

• Inappropriate coagulation

• …

Microbial antigens bind to receptors
Immune cells respond with cytokines

The two top-level cytokines are
� TNF-a
� IL-1

Although there are two top-level 
cytokines, TNF- a really drives the
syndrome of sepsis

LPS = Lipopolysaccharide (or endotoxin); LTA = lipotechoic acid, TLR = Toll-like Receptor

Cl in ical  Syndrome 

of Sepsis
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TNF-aaaa is Special
Exogenous application mimics sepsis

LPS: Gram-negative bacteria

LTA: Gram-positive bacteria

Glucan: Fungi

Microbial Antige ns

Various
immune

cel ls

TLR4

TLR2

Others

Receptors & 
Response

TNF-aaaa

IL-1

Inflammator y
Cascade

IL-6

IL-8

• Other cytokines

• Complement activation

• Inappropriate coagulation

• …

Injection of TNF-a causes

� Sepsis-like syndrome 
� Sepsis-like haemodyamic changes in 

man
Injecting other cytokines (e.g. IL-1 or IL-6) 
does not induce these effects

Cl in ical  Syndrome 

of Sepsis
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TNF-aaaa is Impl icated in  Sepsis 
Outcomes

LPS: Gram-negative bacteria

LTA: Gram-positive bacteria

Glucan: Fungi

Microbial Antige ns

Various
immune

cel ls

TLR4

TLR2

Others

Receptors & 
Response

TNF-aaaa

IL-1

Inflammator y
Cascade

IL-6

IL-8

• Other cytokines

• Complement activation

• Inappropriate coagulation

• …

TNF-a is present at high levels in sepsis
Persistently elevated levels predict death

Falling TNF-a levels correlate with 
survival
Anti-TNF-a therapies markedly improve 
outcome in pre-clinical sepsis models

Cl in ical  Syndrome 

of Sepsis
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The TNF-aaaa Hypothesis
Never  really tested unti l now

The TNF-a hypothesis: effective TNF-a neutralization 
will reduce mortality

Past history: although this has been tried before,
� Prior efforts only partially neutralized TNF-a
� A compound producing full neutralization has never 

been tested 

The potency and pharmacology of CytoFab™ give it the 
potential to fully test the TNF-a hypothesis for the first time
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Competitors : CytoFab goes 
to the heart of the matter

LPS: Gram-negative bacteria

LTA: Gram-positive bacteria

Glucan: Fungi

Microbial Antige ns

Various
immune

cel ls

TLR4

TLR2

Others

Receptors & 
Response

TNF-a

Inflammator y
Cascade

IL-6

IL-8

• Other cytokines

• Complement activation

• Inappropriate coagulation

• …

Main competitors leave the core mechanism ac tive:
Other late stag e approaches bl ock interaction of LPS 
& TLR4

� Gram-negati ve bacteria are the source of LPS 
and are a frequent cause of sepsis

� But,  they’re not the onl y cause
� And, existing TNF-a is not affec ted

Xigris®, the onl y licensed compound for sepsis, wor ks 
downstream at level of i nappropriate coagulati on

IL-1

Cl in ical  Syndrome 

of Sepsis
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CytoFab™ Goes Right to the 
Heart of the Matter

LPS: Gram-negative bacteria

LTA: Gram-positive bacteria

Glucan: Fungi

Various
immune

cel ls

TLR4

TLR2

Others

IL-6

IL-8

• Other cytokines

• Complement activation

• Inappropriate coagulation

• …

CytoFab blo cks the 
cascad e at it s 

start , no matter  
wh at the causeX

IL-1

Cl in ical  Syndrome 

of Sepsis

TNF-aaaa

Microbial Antige ns Receptors & 
Response

Inflammator y
Cascade

Main competitors leave the core mechanism ac tive:
Other late stag e approaches bl ock interaction of LPS 
& TLR4

� Gram-negati ve bacteria are the source of LPS 
and are a frequent cause of sepsis

� But,  they’re not the onl y cause
� And, existing TNF-a is not affec ted

Xigris®, the onl y licensed compound for sepsis, wor ks 
downstream at level of i nappropriate coagulati on
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CytoFab™

Ov ine polyclonal 
anti-TNF-aaaa Fab antibody fragment 

for the treatment of sepsis
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CytoFab™
An ov ine polyclonal anti-TNF-aaaa Fab

F(ab’) f ragment

F(ab) = Fragment, 
antigen-bi nding

A mixture of antibodies that can bind to different 
parts (antigens, epitopes) of the TNF-a molecule

Polyclonal anti-TNF-a 
antibody

Manuf actured by immunizing sheep with human 
TNF-aOv ine

F(ab’)
F(ab’)2

Full-length IgG

Antigens b ind here
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Polyclonal Approach has Key 
Benefits

Targeting multiple epitopes causes complete neutralization
� To become active, three molecules of TNF-a must come 

together as a trimer

� Two distinct domains are involved in binding of trimerized TNF-a
to its receptor

� Monoclonals can block these steps separately but only a 
polyclonal mixture can block them all

Binding to multiple epitopes (multivalency) gives cooperative 
interactivity
� It is unlikely that all blocking antibodies would simultaneously

dissociate
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Fab Fragments 
Key Benefits ov er IgG and F(ab’)2

Fab fragments have no antibody tail, so reduced risk of 
immunotoxicity
� Protherics’ other ovine polyclonal products DigiFab™ 

and CroFab™ are well tolerated, even in cases of 
readministration

Fab fragments have a larger volume of distribution

� Greater ability to access TNF-a in the tissues
� More rapid clearance than whole IgG or F(ab’)2
� This is exactly what is needed to promote clearance 

of TNF-a
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RECEPTOR

Binding to 
receptor

Biological
activ ity

TNF-aaaa

TNF-aaaa Receptor Binding
Summary
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TNFaaaa

RECEPTOR

Single mode of TNF 
inhibition means

bound      free equilibrium

Incomplete inhibition of
biological process

Blockade with Monoclonal Ab
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RECEPTOR

No binding to 
receptor

Complete inhibition of
biological process

TNFaaaa

Blockade with Polyclonal IgG
Summary

IgG molecules can 
remain in circulation for 
up to 3 w eeks and thus 
serve as a TNF-aaaa depot
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RECEPTOR

No binding to 
receptor

Complete inhibition of
biological process

TNFaaaa

Blockade with Polyclonal Fab
Summary

Fab are c leared w ithin 
hours, taking TNF-aaaa

w ith them

Fab, being smaller, are 
able to diffuse more 

w idely into the tissues
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Does it Work in Practice?
CytoFab™ Studies in Sepsis

Early studies
� Pharmacology and cytokine effects of CytoFab™ 

have been established

� A dose regimen producing essentially complete TNF-
a neutralization in man has been found

Phase IIb: the key study
� Double-blind placebo-controlled safety & efficacy

study in 81 patients with sepsis

� 19 centres in US & Canada. 
� PI: Gordon Bernard
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Afelimomab – a Useful Contrast
The Best to Date

Afelimomab is a monoclonal F(ab’)2 fragment tested by 
Abbott in a double-blind, placebo-controlled Phase III study

� Afelimomab did have a biological effect
� Difference in primary analysis w as P > 0.05

� A logistic regression analysis demonstrated P = 0.041 
favouring afelimomab, but this w as not the primary 
analysis

Although these data apparently have been insuff icient for 
registration, they provide an excellent comparison for 
CytoFab™
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Afelimomab vs. CytoFab™
Relative TNF-aaaa neutralizing power  in vi tro

Neutralization of TNF-a is dependant on binding power

Binding power is expressed as avidity, which is the sum 
of all binding interactions
� Afelimomab avidity constant: 3.5 x 109 M-1*

� CytoFab™ avidity constant: 4 x 1011 M-1**

*  Moller A et al. Cytokine 2:162-169, 1990
** Protherics internal data

CytoFab™ appears 100x more potent than afelimomab in vitro
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Potency in Man 
Afel imomab vs. CytoFab™

This appears to be supported by the clinical data:

� Afelimomab: partial suppression of detectable TNF-a
� CytoFab™: near-complete suppression of detectable TNF-a
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Afelimomab vs. CytoFab™ 
Downstream Effects on IL-6

IL-6 is driven by TNF-a and so its levels should track a biological 
effect related to TNF-a removal

� Afelimomab: modest (but real) effect
� CytoFab™: strong effect
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TNF-aaaa Concentrations in BAL 
Decreased wi th  CytoFab™ vs Placebo

BAL = bronchoalveolar lavage

P = 0.0006 

Patients wi th Paired Samples 
Placebo (n=17) and CytoFab™ (n=18)
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Values are median + SEM
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Kaplan-Meier Survival 
CytoFab™ Phase IIb

Placebo (n=38)

Mortality
Placebo: 37% 
CytoFab: 26%

CytoFab ( n=43)

P = 0.24Anal ysi s: Although in 
the right direction, this 
result is only a trend. 
However, taken with 
the data on the n ext 
slide, there is s trong & 

consistent evidence of a 
biological effect.
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Morbidit y benefits 
CytoFab™ Phase 2b

Other benefits to patients treated with CytoFab™ 

� Significantly more ventilator-free days than placebo
� A 5.2 day advantage over placebo, P = 0.04

� Significantly more days out of ICU than placebo
� A 5.0 day advantage over placebo, P = 0.03

� Trend to more shock-free days 

� 1.3 days more than placebo

These effects show an overall consistent biological effect:

� CytoFab™-treated group improved more rapidly
� Some of the improvements (fewer ventilator days) have a real 

economic value
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Safe and Well Tolerated
CytoFab Phase IIb

Well-tolerated during 10 infusions over 5 days
� No differences between groups for adverse events

Potentially an advantage over  Xigr is ®

� Xigris® is the only licensed therapy for sepsis

� Xigris® acts by modulating the out-of-control coagulation 
cascade seen with sepsis

� It can also produce serious bleeding, a major draw back 

� It does reduce mortality but it  has no effect on morbidity 
measures such as ventilator usage 

� Our market research shows that it has had limited 
acceptance due to these issues
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End of Phase IIb Review with 
the FDA

Summary:
� Can proceed to single pivotal Phase III study
� Phase III study design broadly agreed
� Agreement to certain manufacturing 

improvements to make CytoFab™ 
commercially viable
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Summary 
Back to the TNF-aaaa Hypothesis

Hypothesis that effective TNF-a neutralization reduces mortality 
� Prior work in man has not adequately tested the hypothesis

CytoFab™ acts as a rapid antidote to excess TNF-a because:
� Effective neutralization of TNF-a in vivo due to: 

� Binding to multiple epitopes on TNF-a by polyclonal Fabs 
� Smaller Fab molecules diffuse into a larger volume of tissue
� Rapid clearance of Fab-antigen complex

CytoFab™ has shown a consistent pattern of clinical effect in man
� Potent cytokine effects in serum and tissues
� Significant morbidity benefits
� Mortality trend

Manufacturing Programme

Protherics
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Proven Technology Platform
Polyclonal Fabs

Protherics’ CroFab� and DigiFab�

antidote products are both approved 
and sold in the US
Protherics has been supplying the 
US market since 2001
9 successful regulatory inspections 
by FDA, MHRA and TGA
CytoFab� is therefore based on a 
proven and established technology 
platform

See www.protheric s .c om for m ore information
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Polyclonal Fab Platform
Prother ics

Fab

Papain

FC

Immunise Sheep

Collect Serum

Purify and digest 
Antibodies

Purify Fab Fragments

Formulate products 
for intrav enous use
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Improving the CytoFab™ 
Process

Phase IIb
� Final purif ication step involv ed affinity chromatography using immobilized 

TNF-a
� This process is not plausible at commercial scale:

� Prohibitiv ely expensiv e
� Uses more TNF-a than is readily available

Phase III
� Replace the affinity chromatography step with a step that eliminates all 

proteins except IgG
� Resulting product is a mixture of anti-TNF-a Fab & non-specific Fabs
� But, it is standardized based on ability to neutralize TNF-a, not simply 

on amount of Fab
� Prior work has shown that non-specif ic Fabs do not affect activ ity
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FDA Requirements
CytoFab™ Manufactur ing

FDA requirement for the process change
� Demonstrate in vitro and in vivo activity vs. Phase IIb

CytoFab™

� Safety assessment in normal volunteers

This will allow us to define an equipotent regimen of the 
product produced by the updated method

Work is well underway to allow the Phase III study to 
start in 2007
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Commercial Opportunity

AstraZeneca
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Sepsis is a Large Potential 
Global Market

Note:  Assumes that number sepsis case/1000 inhabitants in ROW is s imilar to U.S.    
* Adjusted for the fact that only one-fifth of population has coverage. 
Source:Decis ion Resources; SG Cowen; literature searches

2002 Sepsis Incidence (000)

Total 
investigated + 
China

Total 
invest-
igated

U.S. Germany U.K. France Italy Spain Japan China

726

258

176
178

190
124

419

2071

700-
800*

2821
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Most Patients Only Receive 
Best Supportive Care 

750,000 

patients

Septic 
shock

Sev ere
sepsis

Sepsis Eligible 
for 
Xigris –
treated

6%

Eligible 
for 
Xigris –
not 
treated

19%

All other 
severe 
cases

75%

Total

300,000

40%

35%

25%

Source:Decis ion Resources; Health Grades

Uni ted States 
Sepsis Incidence - 2004 Severe Sepsis

Unserved
Market
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Current Target Product Profi le 
CytoFab™

Protocol for  usage � Inf usion twice daily f or 5 days

Reduction in mor tali ty � Signif icant relative to best supportiv e care alone

Minimal side effects � Enabling ease of use in many patients

Indication � First-line treatment of adult patients with severe 
sepsis when added to best supportiv e care

Reduction in ventilator  
days

� Signif icant relative to best supportiv e care alone

Mechanism of action � Anti-inf lammatory agent that interrupts the 
cy tokine cascade
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Summary
CytoFab™

Sepsis has a considerable unmet medical need
� Only one product available currently

CytoFab™ is the first product to have the potency and 
pharmacology necessary to really test the TNF- a
hypothesis
� Phase IIb data show its potential

Because of its effect on the core inflammatory 
cascade and the proven safety of Fab products, 
CytoFab™ has the potent ial to  become a routine 

addition to  first-line care in severe sepsis

Q&A

Protherics & AstraZeneca


