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“...sclence Is the search for truth, but it
IS not the search for certainty. All
human knowledge is fallible and
therefore uncertain” .

- Karl Popper



“Drug Development is the process of
progressive removal of uncertainty”.

- Dr. Janet Woodcock, FDA



Drug Development Process

FDA Review Post-Marketing

Drug Discovery Preclinical Clinical Trials surveillance
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Cost ($MM)

Costs to develop new drugs are
rising
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~ewer Drugs are
Commercially Successful

Just Two in 10 Approved Medicines Produce Revenues that Exceed Average R&D Costs
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New Molecular Entities

US Pharmaceutical R&D

Spend and Productivity over time
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Biological Systems are Complex —and Adaptive
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Fnarma prug viscovery | ecnnoiogy
Cycles
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Expenditures (Billions of Dollars)
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US Private and Public Sector
R&D Funding are Complementary

Private Sector: 565.387

Clinical Research

Translational
Research

Basic Research

National Institutes of Health: $30.5B®

Spending is for 2009. Private Sector is estimated. Source: Adapted from E. Zerhouni®



Public confidence In the industry
and regulators has eroded

ConSpIracy

theories




Regulatory Standards are Higher




Alzheimer’s Unmet Need

Projected Annual Medicare & Medicaid Spending, With and Without New Treatment Advances (billions)"
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Where do we want to play?

J.Q. Trojanowski et al. | Alzheimer’s & Dementia 6 (2010) 230-238
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What treatment intervention should we go after?

Time trajectory

Normal,
no known
risk factors

Normal,
but known
risk factors

Asymptomatic
amyloid deposition
(imaging),

no signs of
neurodegeneration,
no detectable clinical
deficit

Signs of
Neurodegeneration
(e.g. pTauin CSF, NMR
spectroscopy), in
addition to amyloid
deposition,

No detectable clinical
deficits

Early clinical deficit
(detectable only by
sensitive
neuropsychological
testing, e.g paired
association learning),
in addition to amyloid
deposition and signs
of neurodegeneration

Prodromal AD:
Amnestic MCI
(e.g. California
verbal learning)
plus biomarker
(e.g. low Abeta,
high tau,
volumetric MRI)

AD (DSM-IV)

X

Biologically
plausible

version 15 June 2010 CONFIDENTIAL




An Example with Dementia Definitions

Prevalence (%)

ICD-10

CAMDEX

|CD-9

DSM IV

DSM II-R

CLIN CONS

DSM I

Created from Erkinjuntti T, Masbye T, Steenhuis R, Hachinski V: The effect of different diagnostic criteria on the prevalence of
. S]tang- Brookings Inst Jan 11, 2010 17
dementia. N Engl J Med 337:1667-1774, 199



Investments Required

Better understanding of basic biology, targets,
validation

Tool set for translational medicine
Clinical trials/evidence infrastructure

Safety/performance monitoring and decision
support in market and at point of care

Regulatory science



Planned Regulatory Adaptation

e Revision of rules when relevant new
Knowledge appears, and steps taken to
oroduce/acquire such improved knowledge.

 Still rare, but used by:
— EPA
— FAA
— FDA for pharmacovigilance

McCray et al 2011



e Regulates 25% of US economy
— $466 Billion food
— $275 Billion drugs
— $100 Billion medical devices/diagnostics
— $60 Billion cosmetics
— $18 Billion vitamins
— 1/3 of all imports




FDA Regulatory Science Needs

Contemporary tools and techniques to
evaluate emerging technologies

— pre and post marketing evaluation
— Multi-drug, multi-modality solutions
— Personalized medicine

Risk assessment tools
Better engagement of patient communities
Decision support and communication tools



Risk Assessment

Risk/Benefit
Risk/Risk!



Thank Youl!



Drug Competition Is Increasing

Percent of First-in-Class Medicines with a Competitor Already in Phase Il Clinical Testing at Time of Approval
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Time Between First and Second in Class
Entry has Decreased

The average time a medicine is the only drug available in its therapeutic class has declined
dramatically — from more than 10 years in the 1970s to less than two years by 1998.

Time Between Approval of First and Second Drugs in a Therapeutic Class

Median Mumber of Years
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Source: Tufts C5DD*



Typical Drug Lifecycle

For first-in-class drugs, brand competitors enter market

FDA approval,
brand product
enters market

Generic entry, brand sales
Generics can decline rapidly
apply for approval
as early as 4 years
; after originator
It takes an average of 10-15 years to develop a new medicine” is approved

L L RN

Drug Development

very & Clinical Trials Drug Available to Patients

Average time to brand competition = 2 yrs"
Average time before generic entry = 1.5* yrs”

* Refers to pharmaceuticals with annual sales in 2005 of
more than 5100 million, which accounted for 20% of the — N o
sales of medicines exposed to generic competition. Sources: ). DiMasi and C. Paguette™ H. Grabowski and M. Kyle™ PhRMA¥



