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Open Innovation in the Pharmaceutical Industry

Academia and Drug Discovery

a Traditional roles:

O Public sector scientists, with public funding, elucidate disease
mechanisms and identify promising points of intervention

§ I.e., Basic Research

O Private sector scientists, with private funding, use this knowledge to
identify, test and clinically develop new drugs and vaccines

o l.e., Applied Research
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Then the Roles Changed

1975 - 1980 0 Basic tools of biotechnology developed i
monoclonal antibodies and recombinant DNA

O Passage of the Bayh-Dole and Stevenson-
Wydler Acts

1980 - present 0 Asignificant number of drugs and vaccines have
been discovered by public sector scientists,
patented, licensed and gone on to receive FDA
approval
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Sources for Study

Primary: FDAT Orange Book, CDER and CBER databases
SEC 1T EDGAR database

ReCap / ReCaplP

USPTO

CRISP

IEdison

O 00 0 0 O

Secondary:

AUTM Surveys (e.g. Better World Report)
University of Virginia Patent Foundation research
Press articles

Lawsuits

Personal communications, etc.

O 00 0 O
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Criteria for Inclusion

a Products which have received FDA approval by either:
a Center for Drug Evaluation and Research (CDER) or
a Center for Biologics Evaluation and Research (CBER)
O Alicense to intellectual property was signed (or enforced by the
Courts)
O US Public Sector Research Institutions only
O National Laboratories
a Universities
O Hospitals
O Non-profit Research Institutes

O Each BLA/NDA resulting from that IP
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Criteria for Inclusion

Q Includes:
a Vaccines
a Small molecule drugs
O Biologics
a Invivo diagnostics
O Excludes:

a Platform technologies that contribute to the development of whole
classes of drugs

0 Cabilly
Q Axel
0 etc.

O Nutritionals
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Results
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Number of Products

Number

Type of Product

New Chemical Entity
Biologic

Vaccine

Over the counter
In-vivo diagnostic

93
36
15
1
8
153*

* After data collection was completed, the FDA approved Folotyn , which
was discovered by SRI International, Southern Research Institute and

Sloan-Kettering, and is licensed to Allos Therapeutics
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Therapeutic Categories

Therapeutic Area Number
Hematology/Oncology 40

Infectious Disease 36
Cardiology 12
Metabolic 12
CNS
Dermatology
Renal
Ophthalmology
Immunology
Gastroenterology
Women's Health
Allergy
Pulmonary
Urology
Anaesthesiology
Dental
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Discovering Institution Number
National Institutes of Health 22
U. of California 11

Sloan Kettering

Emory University

Yale University

Children's Hospital, Boston

MIT

Salk Institute

Wisconsin Alumni Research Foundation
Columbia University

New York University

U. of Michigan

U. of Minnesota

U. of Texas

Brigham & Women's
Dana-Farber Cancer Institute
Harvard

Massachusetts General Hospital
Oklahoma Medical Research Foundation
Rockefeller University

Scripps

State University of New York
Tulane University
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Initial Developers

Type of Entity Number %
Large Entity 65 42.5%
Small Entity 65 42.5%
Start-Up 23 15.0%
Total 153
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Current Marketer Number
GlaxoSmithKline
J&J
Bristol-Myers Squibb
Merck
Pfizer
Eli Lilly
Genzyme
Novartis
AstraZeneca
Wyeth
Amgen
Bayer Healthcare
Eisai
Roche
Abbott
Baxter Healthcare
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Distribution of Time from Discovery to FDA Approval
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Figure 6: Number of NDAs/BLAs per Product
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Year of Approval of all NDAs and BLAs

25

20

BN
(62}

=
o

Number Approved

| III

DO d AN M T IO O 0 0O O d AN M ITLWW O~ 000 0 dN M ILWw O~ 0
O O 0O 0 O O O 00 0 W O O O O O O O O O OO OO O O O O O O O O O
N~ O OO OO OO OO OO OO OO OO OO OO OO OO OO OO O O) OO O OO O O O O O O
o 1 ddddddddddddddddddNNNNNNNAN N
—

Year
© 2009-2010 Ashley J. Stevens All Rights Reserved. Do not modify or copy.



Open Innovation in the Pharmaceutical Industry

Therapeutic Impact

O 2 measures of therapeutic impact by FDA
O Chemical type
a NME to OTC switch
Q Type of review
Q Standard vs. Priority

O Highest therapeutic impact = NME with Priority review

BOSTON
UNIVERSITY

© 2009-2010 Ashley J. Stevens All Rights Reserved. Do not modify or copy.



Open Innovation in the Pharmaceutical Industry

Therapeutic Impact (1990-2007)

Public

Total Sector

NDA Approvals 1,541 143
NME Approvals 483 64
Priority Reviews 348 66
NME Priority Reviews 209 44
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Commercialization Pathways

O Found that the classical models for commercialization of public
sector research:

PSRI = Large Pharma = Market
and

PSRI = Biotech = Large Pharma =» Market

are considerable over-simplifications

Q There are frequently one or more additional transactions both
pre- and post-FDA approval.
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Distribution of Number of Steps in Commercialization Pathway
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Commercialization Pathway vs. Initial Developer

the Pharmaceutical Industry

No. of Steps 1 2
Large Entity 39 14
Small Entity 4 31
Start-Up 1 8
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Macugen

Initial patent filed by U. of Colorado, June 1990

Licensed to NeXstar, $1 million in stock and research, June 1991
NeXstar acquired by Gilead $550 million in stock, March1999
Gilead sublicensed rights to Eyetech, $32 million, April 2000
Eyetech partnered with Pfizer $760 million, December 2002

FDA approved Macugen, December 2004

U. of Colorado monetized part of its royalty interest for $45 million
(est) Jan 2005

Eyetech acquired by OSI Pharmaceuticals $935 million, August
2005

O U000 00

(
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Economic Impact

a Inventor
QO Developer
O Marketer
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Date

Jun-90
Dec-99
Jan-01
Sep-03
Jan-04
Jan-05
Jan-05
Jan-05
Jul-05
Aug-05
Aug-05
Oct-05
Jun-06
Apr-07
May-07
Jul-07
Dec-07
Dec-07
Jun-08

BOSTON
UNIVERSITY

Product

Neupogen

Zerit

Thalomid
Aldurazyme
Neupogen/Neulasta
Macugen

Rotarix

Rotateq

Emtriva

Remicade
Neupogen/neulasta
Humira

Embrel (US)

Enbrel (Foreign)
Remicade

FluMist

Lyrica

Rotarix

RotaTeq
Total

Licensor

Sloan Kettering
Yale

Children's Hospital
LA Biomed
Memorial-Sloan
U. Of Colorado
Children's Hospital, Cinci
Wistar Institute
Emory

NYU/Dr. Vilcek
Memorial-Sloan
Scripps

MGH

MGH

NYU

U. of Ml
Northwestern
Childrenbo
Childrenbo

nw n

* Estimate

** Sale by inventor

Amount

$75
$125
$5
$25
$263
$45

n/a**
$45*

$525

$46 *%*

$142

$32*

$248

$284

$650

$35

$700

Hospit al$24
Hospit a$l82
$3,451
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Transaction
Pre-FDA Approval

Initial License

Transaction 2
Transaction 3
Transaction 4
Transaction 5
Post FDA Approval

Transaction 1
Transaction 2
Transaction 3
Total

BOSTON
UNIVERSITY

Developer

Number Value

($mm)

23 $99.0
51 $9,634.7
11 $5,522.0
5 $1,194.0

$24.0
54 $70,308.4
20 $56,002.2
2 $443.0

167 $143,227.3

Average
Value

($mm)

$4
$189
$502
$239
$24

$1,302
$2,800
$222
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Average Value per Transaction

$3,000
$2,500
$2,000
$1,500
$1,000
$500 I
“ mm n =
Initial Transaction Transaction. Transaction. Transaction. Transaction. Transaction. Transaction.
License 2 Pre-FDA 3 Pre-FDA 4 Pre-FDA 5 Pre-FDA 1 Post FDA 2 Post FDA 3 Post FDA
App. App. App. App. App. App. App.
BOSTON PP PP PP PP PP PP PP
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2008 Sales

us Global %
($ billion) ($ billion)
PSRI 39.9 102.7 37.7%
All drugs 291.5 773
13.7%

Source: IMS Health, Company reports
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Marketer

a 36 Orphan drugs

Q 21 products no longer sold

O >$1 billion global 28
O >$1 billion US 12
O >$8 billion 3

Source: IMS Health
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Non-US

O 36 drugs discovered
O 9 PSRI contributed to drugs in current study
a 27 PSRI discovered drugs not included in current study
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Countries with PSRI

Country Number
UK 10
Israel

Canada

France
Germany
Belgium

Czech Republic
Australia

Japan

R N W W W 01 O
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Drugs Included in Current Study

Drug Discovering Institution(s) Country(ies
BeneFIX Oxford University UK
Doxil Hebrew University of Jerusalem Israel
Epivir-HBV University of Alberta Canada
Erbitux Yeda Research & Devel. Israel
Gardasil German Cancer Research Centre/U. of Brishane Germany, Australia
Hepatitis B Edinburgh UK
Humira MRC UK
Sutent Max Planck Society Germany
Visudyne University of British Columbia Canada
Zinecard CRC UK
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Drugs NOT Included in Current Study

Drug
Ambisome

Atracurium
BioHep
Campath
Copaxone
Daunoxome
Exelon
Ferriprox
Frone
Hepsera
Interferon
Ixempra
Levulan
Myocet
Navelbine
Periochip
Rebif
Relenza
Removab
Selectiose
Taxotere
Telbivudine
Temodar/Temodal
Tiorfan
Tomudex
Varivax
Viread
Vistide

Discovering Institution(s)
U. of British Columbia
U. of Strathclyde
Weizmann Institute of Science
Cambridge U.
Weizmann Institute of Science
U. of British Columbia
Hebrew University of Jerusalem
U. of Essex
Weizmann Institute of Science
Academy of Sciences/Katholic University in Leuven,
MRC
Helmholtz Centre for linfection Research
Queen's University
U. of British Columbia
CNRS
Hebrew University of Jerusalem
Weizmann Institute of Science
CSIRO, Monash University
Helmholtz Zentrum Minchen
CNRS
CNRS
CNRS
Imperial College London/Aston University
Inserm
Institute of Cancer Research
Biken Institute at Osaka University
Academy of Sciences/Katholic University in Leuven,
Academy of Sciences/Katholic University in Leuven,

Country(ies)

Canada

UK

Israel

UK

Israel

Canada

Israel

UK

Israel

Czech Republic, Belgium
UK

Germany

Canada

Canada

France

Israel

Israel

Australia

Germany

France

France

France

UK

France

UK

Japan

Czech Republic, Belgium
Czech Republic, Belgium
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Questions?
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