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The potential benefits offered by a stratified medicine strategy
to pharmaceutical industry

Diagnostic value as leverage in companion diagnostic
relationships

The cash value and market for companion diagnostics and
stratified medicines

Wider stakeholder influences on stratified medicines in terms
of regulation, reimbursement and improved health outcomes.

The future of stratified medicines as part of predictive
healthcare
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Ve Metrics suggest that

‘& fewerthan11lin 10
entities entering
clinical trials make
It to the markets

AND

some of those that
do make It face
withdrawal and
litigation ($253M
Vioxx verdict!?)
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Prognostic . Biomarker
How is the disease likely A Discovery — what biological
to progress , y parameters are changed?

in the patient? - Validation — are these
= changes reproducible?

Qualification

Companion Diagnostic (CDx)
Does the patient
have a specific disease
and will he/she respond to therapy?

Commercialization j

&

Surrogate
Clinical - does the disease status
appear to be changing?
PK/PD - does the lack of response reflect no
efficacy or poor pharmacology?
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’ Adapted from Gilham, Drug Discovery World 2002
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Figure 1 | Project survival rates. a | Companson of mtes through Phases [l and Phass lregistration beteseen
1951 and 2000 at fifte=n top phamaceutical companies . Projects without updated data after five vears were
oonsidered failures. b | The low ratio of Phase I egistration to Phasa [Vl success rates for both systemic anti-

infectives and cnoology projects, B indicative of the kow predictive porer of early stage rials inthess teo areas.

Source: PEJ Publications Phamaprojects; LS FDACenter for Diug Evaluation Research; Mokinsey andysis.

Booth et al NRDD 2: 609 (2003)

Phase |-l Phase Il Phasell-  Phase |-
ragistration registration
Transition stage

O All drugs [excluding NDR, n=725)
H Kinase inhibitors (excluding MDR, n=125)

Walker & Newell NRDD 8: 16 (2009)




a 80 cardiovascular systam — b oo
70 [ Central nervous systam o
[ Gastrcintestinal system — o
50— | ] Systemic anti-iniectives — S
O Cncolegy — 2
§ 7| Museuio-skeletal ERTH i
E 40 E
£ 5 T 20
2
20 o
1.0 4
o 0.0

L Phaselandll —— —— Phazalll ——

Figure 1 | Project survival rates. a | Companson of mtes through Phases [l and Phass lregistration beteseen
1951 and 2000 at fifte=n top phamaceutical companies . Projects without updated data after five vears were
oonsidered failures. b | The low ratio of Phase I egistration to Phasa [Vl success rates for both systemic anti-

infectives and cnoology projects, B indicative of the kow predictive porer of early stage rials inthess teo areas.

Source: PEJ Publications Phamaprojects; LS FDACenter for Diug Evaluation Research; Mokinsey andysis.

Booth et al NP™

Phase |-l Phase Il Phasell-  Phase |-
ragistration registration

Transition stage

O All drugs [excluding NDR, n=725)
H Kinase inhibitors (excluding MDR, n=125)

-~- & Newell NRDD 8: 16 (2009)

Factors underlying this difference
are likely to include the targeted
nature of kinase inhibitors and
the improved design of clinical
trials; for example, biomarker-

driven patient stratification.
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Growth Outpaces Benchmarks

Revenue from therapeutics bundled with diagnostics has grown significantly faster
than revenue from other drugs in the same therapeutic area.

be% *Note: Viveo sales are based on equity analyst projections
40%
26%
14%
9% 7%
Entocort EC Niaspan Viveo™

SOURCE: Coisriy Anatyss HI EEIEE Bﬂl'lﬁhmiﬂﬂl E‘EIH'E




Revenue & Costs

Discounted Cash Flow - No Dx, NPV = $892 (15% dcf)
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Discounted Cash Flow - Companion Dx, NPV = $2,694 (  10% dcf)
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Diagnostics Partner Revenue & Costs
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Diagnostics Partner
Revenues & Advantage
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*Blair, Future Medicine 3/2010; PMC response to FDA, 12/2009 .@
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Personalized Medicine Market Size, 2000 and 20415
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Table 2 A growing personalized medicine cabinet

Drugfndication Drug developer

Test/selected product developers

Comments

Testing required by FDA

Erbitux/colon cancer Imclone
SelzentryHIV AIDS Pfizer
Vectibix®colon cancer Amgen

EGFR pham D¥/DAKOD
Cytomation

Trafile (CCRS tropism)/
Monogram Biosciences
EGFR expression
KRAS/DXS

IHC to determine EGFR presence or absence. Test also
recommended, but not required, for use with Erbitux in head
and neck cancer

Amplification of patient HIV genome, creation of artificial
viral particles and infection assay

The test is required in Europe. KRAS mutations may be
relevant in a variety of other cancers

Herceptin/breast cancer Genentech/Roche HERZ cwverexpressionfvarious Can be done by FISH or IHC but apparently variation in
accuracy is possible between labs. Test also useful far
prescribing GSK's Tykerb (lapatinib)

Testing recommended by FDA

Imuran {azathioprine)fautoimmune GEK Thiopurine methyltransferase Enzyme activity andfor genatyping

diseases and transplants

Tegretal (carbamazepine)/fepilepsy and  Various
bipolar disorder

Tarceva (erlotinib)/MSCLC Genentech/OSI

Camptosar (irinotecan)icolon cancer Pfizer

Elitek (rasburicase)icancer Sancfi-Aventis

Coumnadin/anticoagulant Various

variantsfvarious

HLA-B 1502 variant found in
people of Asian ancestryfvarious

EGFR phamaCX/DAKD
Cytomation

UTG1A1 variantsiThird Wave

GEPD deficiencyfvarious

CYP2G9 and VKCR (vitarnin K
epoxide reductase) variant
genatyping/Clinical Cata, Genelex
(Seattle) and Roche

Bowxed warning recommends that patients with Asian ancestry
receive a genetic test before starting treatment, because their
risk of serious adwersa reactions is 10 times that (1 to & per
10,0000) of European ancestry

Impact of testing on treatment still unclear because too few
patients were tested in trials

Third Wave has a marketing relationship with Genzyme
Genetics for this test

Beutler fluorescent-spat test
There is much debate about whether and how to test

Selected drugs for which Informational tests are avallable

Ziagen (abacavir)/HIV AIDS GSK

Strattera (atomaoxetine)/attention deficit  El Lilly
hypersenitivity disorder (ADHD)

Xeloda (capecitabine)/cancer Roche
Prozac (fluoxetine)/depression Eli Lilly
Glegvecivarious cancers including Nowartis
CML and gastrointestinal stromal

tumar (GIST)

VFEND (voriconazole)ffungal infections  Pfizer

HLA-B 5701 bfvarious
CYPZD&fvarious

Dihydropyrimidine dehydrogenase
deficiency/various

CYPZD& with alternate
contextivarious

Philadelphia chromesome,
eKIT, platelet-derived growth
factor (PDGF) receptorfvarious

CYP2C19/Gentris, Roche

Predictive value far hypersensitivity reaction

Variants can impede metabolism of the drug, leading to high
blood levels

Related to severe toxicity

Fluoxetine, and a wide range of similar agents, inhikits
the activity of P450 206, and thus may make normal
metabolizers resemble ‘poor metabol izers'

The drug was developed specifically to target Philadelphia
Chromosome* CML, but has been shown to be useful for a
growing number of cancers, including GIST

A variety of ather drugs, including, Prilosec (omeprazole),
Protonix (pantoprazole), Nexium (esomeprazole) and Valium
[diazepam) are also affected by variation in same gene

“Raguired by the European Madicines Agency.

Source: US FDA and company materials

*M Allison NBT 26(5):509 (2008) Is Personalised Medicine finally arriving?




8*

¢ )

3 4l

Therapy Biomarker/Test  Indication
Anti-retroviral drues TruGene®-HIV 1 | Guides selection of therapy based on genetic variations that make the HIV virus resistant
B e Genotyping Kit to some anti-recroviral drugs.
Quantifies the expression of 21 genes linked to the likelihood of breast cancer recurrence
_ o Oncozype DX™ : . ) . i
Cancer treatment regimens 21 in women, and the magnitude of benefit from certain types of chemotherapy and hor-
“gene assay monal thera;
Py
Colon cancer: “Variations in the UGT1AI gene can influence a patient’s ability to break
Camprosar® (irinotecan) UGT1A1 down irinotecan, which can lead to increased blood levels of the drug and a higher risk of
side effects.” 1
Druss metabolized by cvtochrome Amplichip® FDA classification 21 CFR 862.3360: “This device is used as an aid in determining treatment
P 45(% yor CYP2D6/ choice and individualizing treatment dose for therapeutics that are metabolized primarily by
CYP2C19 the specific enzyme about which the system provides genotypic information.” 2
Chronic myelogenous leukemia (CML): “Gleevec (imatinib mesylate) is indicated for the
® (1o y trearment of patients with Philadelphia chromosome positive chronic myeloid leukemia
Gleevec® (imatinib mesylate) BCRABL (CML) in blast crisis, accelerated phase, or in chronic phase after failure of interferon-
alpha therapy.” 3
Gastrointestinal stromal tumor (GIST): “Gleevec is also indicated for the treatment of
Gleevec® (imatinib mesylate) oKIT patients with Kit (CD117) positive unresectable and/or metastatic malignant gastrointestinal
stromal tumors (GIST).” 3
HER-2/neu Breast cancer: “...for the reatment of patients with metastatic breast cancer whose tumors
Herceptin® (trastuzumab) overexpress the HER2 protein and who have received one or more chemotherapy regimens
receptor £ P » 4
for their metastatic disease.
Immunosuppressive drugs AlloMap' Monitors patient’s immune response to heart transplant to guide immunosuppressive
gene profile therapy.
Pharmaceutical and surgical BRCA 1.2 Guides surveillance/preventive treatment based on susceptibility risk for breast and ovari-
prevention options and surveillance ! an cancer.
Pharmaceutical and lifestyle Familion® Guides prevention and drug selection for patients with inherited cardiac channelopathies
prevention options 5-gene profile such as Long QT Syndrome (LQYTS), which can lead to cardiac rhythm abnormalities.
P_harmaceutlc:lil and surglcall pl6/CDKN2A Guides surveillance/preventive treatment based on suscepribility risk for melanoma.
treatment options and surveillance
Guides adjustment of dose in treatment of acute lymphoblastic leukemia: “Patients with
Purinethol® (mercaptopurine) TPMT inherited little or no thiopurine S-methyltransferase (TPMT} activity are at increased risk for
severe Purinethol toxicity from conventional doses..
Tamoxifen Estrogen receptor “The estrogen and progesterone receptor values [in breast cancer patients] may help to

predict whether adjuvant tamoxifen citrate therapy is likely to be beneficial.” 6

Entries in which diagrostic teses received formal FDA approval, or drugs that have a reference ro pharmacogenomic selection in their label, are shaded yellow.

*This list is not intended to be comprehensive, but reflects commonly used products as of September 2006. Chart is based on research and industry sources.

*Case for Personalised Medicine, 2"d Edition (2009),

www.personalizedmedicinecoalition.orqg
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Industry — Pharma
co’s & associated

value-chain, eg, Dx
Co




British Medical Journal 1999;319 (18 September):762.
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Direct healthcare
providers

Government/
Regulators/ Payors
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Andrew Dillon, Chief
Executive of Nice
commented ...."the NHS
will only pay for the drug
when it has been proven
to work...”
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Andrew Dillon, Chief
Executive of Nice

| - Pl ,-..nmmanfarl ”.,"the NHS
To implement this risk-sharing for the drug

agreement, clinicians are required to

measure the levels of serum M protein een proven
(SMP; a specific biomarker for tumour

load) after a maximum of four cycles of

treatment. If the patient has a reduction

in SMP of 50% or more, indicating a

complete or partial response, treatment

will continue and the NHS will pay. If

not, the JnJ must rebate the full cost.
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Thank you and.... @
....Any gquestions? m




