Pharmageddon

Susan M. Pond
UNSW Faculty of Medicine Workshop
23 April 2009

Outline

Pharmageddon
Opportunities for innovation
Cell-based & regenerative medicine products

Speakerds experience wit
therapy product

ARul esdo for discovery of

Questions

Armageddon/Pharmageddon

Armageddon

(Hebrew har megiddon, “hill of Megiddo') An archaeological site in
Israel on the plain of Esdraelon to the south of Haifa. In the New
Testament Armageddon is the name given to the last battle between
good and evil before the Day of Judgement (Revelations 16:16)

Applied to current financial turmoil which is leading to the re-making
of the global economy

Pharmageddon

Bi g Phar mao si 2007mwasctheiwsrstyear during the last 25
years for the number of approvals by the FDA of new molecular
entities

Leading to the re-making the global pharmaceutical industry

Changing Pharma Industry Fundamentals

Pipeline

I declining R&D productivity; genomics slow to deliver;
failures with less well validated targets

Patents

i less initial protection, faltering extension strategies,
market-ready generics, emerging markets

Products

I complex unmet needs, complex products i small
molecules, biologics, genes, cells, efficacy hurdles higher,
clinical trials longer, more expensive, biomarkers

Pricing

I pressures continue from monopoly payers for cost-benefit
analysis, pricing cuts & on healthcare expenditure
generally

Changing Pharma Industry Fundamentals

Politics/Regulation

i Unpredictable legislative events, tough PR environment;
patient empowerment & information; focus on safety

Pesos

i credit crisis, rising costs; major markets recession; rising
costs of licensing, mergers & acquisitions increasing

Price:earnings ratio

T declining revenues, profits, growth & returns to
shareholders

People

i Contraction of workforce, innovators & entrepreneurs,
bureaucracy, outsourcing

Biotechs Now Dominate New Drug Approvals

Origin of FDA-approved Drugs 2006-2007*

- 65% of all FDA-approved
drugs in 2006-2007
originated from Biotech
companies

Biotechs were responsible
for OVER HALF of all NOVEL
DRUGS approved by the US
FDA in 2006 i 2007
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Total Number of FDA Approvals

This is despite more failures
because of higher risk/

Total FDA  Biotech Acquisition / Biotech-  Pharma inexperience with regulatory

Approvals  industry Licensesby Pharma industry
Pharma  alliances approval pathway

Source: Nature Reviews Drug Discovery 7:198, 2008 *
Includes NMEG6s, |indoedtsensions and me
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In Human Health Applications,
Value is Accruing to Novelty & Efficacy

Personalized medicine redistributes the value chain

100%

Re-distribution of value chain
places greater emphasis on

Sales & Marketing

o0 early stage R&D
Manutacuaing
o
3 o Late Development
. Venscuing =
g Eay Developmert
2

Academia/Biotech anywhere
in the world should be able to
progress compounds further
Research and command higher returns
when they exit

Late Development

Early Development Research

current Future

Source: Ernst & Young i Beyond Borders 2008

A Six of the Worldds

A 1.8 % share of global

A Ranked 10" in world

Consistently Strong Research Base for
Innovation in Australia

Share of Worldwide Annual Life Sciences Publications
(source: uomed, N2

A2.2% of the worldés | if @ssedime pee s
aon

publications (~20,000 p.a)

1o 19% 20% 2u% 22%

18%
o 18%

Universities for Life Sciences
and BioMedicine (Ranked 3rd
globally)*

Percentage of totalwarldwide publications

biotechnology patent PCT
filings**

1998 1999 2000 2001 2002 2003 2004 2005 2008 2007

Year

Pubmed, NCBI; OECD Compendium of Patent Statistics 2007;
“Times Higher Education Supplement University Rankings 2007;
* patent applications filed under the PCT in 2004 designating the EPO

Translating Ideas to Products

[ real innovation ]

Fourth Platform Driving Advances in
Healthcare

Gene and Cell Therapy, Tissue or Organ Engineering or
Regeneration

Biomaterial ‘ Cell Biology ‘ ‘ Growth Factors ‘
Scaffolds

%ﬁ?ﬁa

Cells can achieve what molecules cannot

Treat disease indications otherwise not accessible

Repair tissue damage - myocardium?, cartilage?, kidney

Restore targeted immune surveillance - oncology?, autoimmune disease*

Restore cellular function/deliver genes - hematopoietic system
Protein factories - antibodies, growth factors
Replace missing or damaged cells - CNSS, tissue

Restore homeostatic mechanisms - pancreatic islet cells®

iCirculation (2007) 115(25):3165-72

“Carticel see:

2. Clin. Invest (2007) 117:1195-1203

“Blood (ASH Annual Meeting Abstracts), Nov 2006; 108: 3231
Ann Neurol. (2005) 57(6):874-82

SJAMA (2007) 297:1568-76

Other Clinical Advantages

A Treat disease indications otherwise not accessible
A Offer customized therapy
A Require once-only treatment

A Provide a long-lived disease modulation or cure

ARegenerative medicine wiahdsodne a |mal
Autologous therapies will be availablein4-5 year so | rvi nfg
2004 (Stanford University)
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http://www.carticel.com/pdfs/carticel_product_label.pdf

Large Patient Populations for Cell Therapies
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Mid Term
(5- 10 years)

Near term
(0-5years)

Long term
(+10 years)

Market Readiness

“Sources: Reuters Business Insights, Frost & Sullivan, Select Biosciences, Patient numbers are 2005

Underpinning Scientific Milestones

1963 Identification of self-renewing stem cells in mouse bone marrow

1968 Bone Marrow Transplant (BMT) between two siblings for SCID

1978 Hematopoietic stem cells (HSC) discovered in human cord blood

1981 Mouse embryonic stem cells derived from the inner cell mass

1992 Neural stem cells cultured in vitro as neurospheres

1997 Leukemia is shown to originate from a HSC i 1t direct evidence for
cancer stem cells

1998 Derivation of first human embryonic stem cell line

2000s Many reports of adult stem cell plasticity

2003 New source of adult stem cells found in children's primary teeth

2006 Embryonic stem cell lines created without destroying the embryo

2007 The Nobel Prize in Physiology or Medicine, Capecchi, Evans, Smithies

2009 Direct re-programming of adult cells to produce embryonic like cells

Technology Push i Annual Funding

Annual funding for basic research in cell therapy/regenerative medicine expected to
reach $14B worldwide in 10 years

Germany - $10M

Switzerland - $4M

China & South Korea
focused funds in
regenerative medicine

%

USA-$1B

Israel - $15M
N

7

Source: Media Articles, Navigant, Proteus Ventures

Pipeline Depth

Commercial Pull i Leading Pipelines

Osiris, @Frovacel @ Chondrogen @ Prochymal Osteocel
\ Therapeutics (am) (Meniscal repair) ( GVHD, | Cr o h Nb(Bohe Repal)
Dendreon @ Lapuleucel-T /Neuvenge @ sipuleuceli T/Provenge
(Breast, Ovarian and Colorectal Cancer) (Prostate Cancer)
GVAX .
GVAX
Cell Genesys (Leukemia)
Y @ Fancentbrancen  (Prostatecancen)
J&d Moy MEcn WMEon
(. Pigmeniosa) _(Melanoma) )
O sstem cell, carticel i O carticel
STy A— O Epicell (eniscalrepai)
(Skinrepair)
Norw:
. h“ et @ bcvax-Prostate © bcvax-erain
Biotherapeutics (Prostate Cancer) (Glioblastomarmultforme)
GRN-VAC1
Geron o AL
(© D34+ cell treatment
Baxter (Chronic myocardial ischemia)
Phase 1 Phase 2 Phase 3 Approval
Development Phase
* Prodt ddi 4 Source: P

Each Product Requires Convergence of
Several Enabling Technologies

Bioactive agents/biomarkers

Cell & Gene Therapy for HIV
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http://www.codman.com/index.asp
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0OZ1 Therapeutic Strategy 0OZ1 Clinical trials
Single treatment Clinical Benefit
One week process Life-long o Description Centre #
™S HVL A marker study of therapeutically transduced
~. 0z1-HV1-101 CD4+ peripheral blood lymphocytes in HIV Australia 4

(LTF Phase I) discordant identical twins

A Phase | Trial of autologous CD34+
hematopoietic progenitor cells transduced with USA 10
an anti-HIV Ribozyme

0Z1-HV1-102
(LTF Phase I)

Randomized Phase I, double blind, controlled
trial to evaluate the safety & efficacy of . International
autologous CD34+ hematopoietic progenitor cells USA & A 74
transduced with placebo or an anti-HIV-1 ( ust)
ribozyme in patients with HIV-1 infection

OTH/OZ1-INT-1
(Phase Il)

071-HV1-202
(LTF Phase Il)

As for OTH/OZ1-INT-1 International 7412
(USA & Aust)

Design

ARandomised active vs.
placebo

ADouble blind

A2yr study; 74 pts

A18-45 years

A1stor 2nd regimen HAART

AStable regimen > 6 mo

Conduct

AFDAITGA

ARACIOGTR

AUNSW, UCLA, Stanford

Mononuclear cells

&

OZ1 - Phase Il Trial

A
/_ G-CSF \
Infuse cells
HIV-Infected
individual
CD34* cells I

&

0Z1 Phase Il: Conclusions

Largest cell-delivered gene therapy trial

Validation of the safety of cell/gene transfer approach for
treatment of HIV

Biologically active with multiple indicators of positive impact
on viral load and CD4 count

Transforms the landscape for future development of HIV
therapies in the field of gene therapy and intracellular
vaccination

Presented at CROI Feb 2009
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natre.,
medicine

Phase 2 gene therapy trial of an anti-HIV ribozyme
in autologous CD34" cells
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HIV Cell & Gene Therapy: Value Proposition

For the patient i simple, safe, effective therapy
Simple, personalised, highly effective, non-toxic, single treatment
providing long lasting antiviral efficacy & less need for daily therapy

For the health provider i cost effectiveness
Once only treatment which abrogates the need for lifelong potentially
toxic drug regimes and generates substantial cost savings*

For biotech company i substantial market opportunity

Combination with long acting antiviral agents; offers the greatest
chance of a 6 c urieasubstantiahmeanket segnerstt i e n t
with high unmet medical need

éit is reasonable to m that the average | i
h 5

i urmise
V disease is about $400,000 in the US.0o

=

Hellinger, F.J. (2006) Economic Models of Antiretroviral Therapy,
Searching for the Optimal Strategy. Pharmacoeconomics. 24(7):631-642

Bl ackds Questions for
Therapeutics

Is the project purged of wishful thinking?
Has a fAnew molecul ar entityg
Are relevant bioassays available?

Will it be possible to confirm laboratory-specificity in
humans?

Is a clinical condition relevant to the specificity?

Does the project have a champion? i.e. someone with the
necessary passion, conviction and energy

Are you ready for the long haul?

James W Black, Receptors as Pharmaceutical Targets, Chapter 9, Textbook of Receptor Pharmacology,
Ed JC Foreman & T Johanson, CRC Press, USA, 271-279 (2003)

Product Assessment i Questions

CLINICAL TECHNICAL
Is it useful? Can it be built and manufactured at
Willit improve clinical outcomes? scale ?
Isit safe ? Who can build it ?

Can it be distributed ?
Whatare the cost of goods ?

Willit remove cost ?
What evidence is needed ?
Can it be proven clinically ?

COMMERCIAL
Whatis the market ?
Can we sell it ? Can we teach it ?
Is the idea / product protected or protect-able ?
Who Aownso the | P, is ownership
Can we buy or license it ?
Whatis the business plan ?
Willit be reimbursed ?
Whatis our ROI ?
Where does it Afito into the ma
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