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High Attrition Rate of Late-stage Drug Development:
Pool of Potential Candidate Compounds for Rescue

Strategic

| Zq%l » Phase Il failures (2008-
| | 2010):

— 51% due to lack of
*harmacokinetics
bioavailability 1% efricacy

Safety

Nature Reviews Drug Discovery 10, 328-329 (May 2011)

Financial and/or commercial . )
Safety (including - Not ¢ Ph ase I I I al d Su b MISSIOoN
iskcbeneft) —— iy W B failures (2007-2010):
ficacy — 66% due to lack of
* Versus placebo: 32% - u y effi cacy

» As add-on therapy: 29%
= Versus active control; 5%

Nature Reviews Drug Discovery 10, 87 (Feb. 2011)




Drug Rescue and Repurposing

A strategy to help reduce development
timeframe, costs, and failure rates

 Leverages previous research and
development efforts

e Can lead to remarkable outcomes




Thalidomide
Serendipity at work

Initially marketed as a
sedative/analgesic/antiemetic

Later shown to cause severe bhirth
defects

Observed to relieve pain and skin
Inflammation in leprosy

— Approved as treatment for
leprosy in 1998

Later found to inhibit tumor
necrosis factor alpha

— Approved to treat multiple
myeloma in 2006



NIH Activity in Drug Rescue and
Repurposing: Selected Examples

AZT

Brand Name

Retrovir

Initial Indication

Antineoplastic

Subsequent
Indication(s)
HIV/AIDS

Ceftriaxone

Rocephin

Bacterial Infection

Amyotrophic
lateral sclerosis

Hydroxyurea

Hydrea

Cancers

Sickle-cell Anemia

Metformin

Glucophage

Type 2 diabetes

Breast cancer

Pioglitazone

Actos

Type 2 diabetes

Hepatic steatosis

Raloxifine

Evista

Osteoporosis

Breast Cancer

Tamoxifen

Novaldex

Breast cancer

Bipolar disorder
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Zidovudine/Azidothymidine (AZT)
Intentional approachto R & R

e 1984: NCI program to develop anti-HIV
drugs
— Collaborated with Burroughs-

Wellcome scientists studying murine
retroviruses as a model for AIDS

— A BW compound—AZT—found to be
effective against HIV

 NIH and BW collaborated with Duke
University to conduct clinical trials

— Demonstrated antiviral activity of AZT
In humans
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Metformin
500mg Tablets

Metformin hydrochloride

Metformin
Epi and meta-analysis at work

 Approved for use in diabetes

 Epidemiological studies and meta-analysis
revealed that metformin use is correlated with
decreased risk ot breast cancer

Metformin observed to inhibit growth of
several types of cancer cells in vivo

Ongoing NCI-sponsored phase lll trial for
treatment of early-stage breast caiicel




Moving Forward

Range of successful approaches:

— Serendipity and luck (e.g., thalidomide, sildenatfil)

— Observations, epidemiology, and meta-analysis
(e.g., metformin)

— Intentional pursuits (e.g., fexinidazole, AZT) and
screening (e.g., ceftriaxone)

Need to poise ourselves to pursue future efforts
more strategically and comprehensively

Need to use rescue and repurposing efforts as case
studies in drug development process

— Opportunity to study and re-engineer the process
(e.g., optimized target validation)

Why now?




Scientific and Technologic Advances: Creating
Opportunities in Therapeutics Development

2010 1st quarter

Scientific advances have

« Generated a large e - X o, J”;
inventory of potential ~¥-7
targets for new
diagnostics and
therapeutics

Refined processes for
Identifying candidates fur
clinically useful
compounds

Enabled stratification of
patient populations

 Growing interest and
expertise in therapeutics
development in academia




Key Challenges

« Availability of and access to key resources:

— Compounds and associated data are not readily
available

Original investigator experience and expertise may
be needed

e Safety and liability concerns:

— Safety concerns may emerge during the course of
research and may have implications for approved
products and liability

— Concerns about making toxic compounds available




Key Challenges

 Need for umbrella framework and master agreement
that can be tailored for specific projects

 Need incentives for industry and academic sector
participation:
 May be especially challenging when there is a

small market or short patent life on the
compound

* Potential solutions to explore: changes to IP or
data exclusivity, financial incentives,
Innovative approaches (e.g., patent pools, dual
markets)




NIH - INDUSTRY ROUNDTABLE
APRIL 21-22, 2011

Exploring New Uses for
Abandoned and Approved
Therapeutics




Roundtable Participants

« Leaders and experts from:
e Industry
e Academia
 Non-profit
« Government




Roundtable Goals and Accomplishments

Developed a collective understanding of the
landscape of drug rescue and repurposing—
scientific, commercial, and regulatory

Reviewed illuminating case studies and
lessons learned

Explored cross-sector partnerships
« |dentified attributes for success

Articulated the core elements of a framework
agreement for access to materials and data




Getting to “Yes” --
A Draft Framework for Negotiatina Aareements

 Prepared as background for meeting participants:

Principles and basic concepts inherent to NIH’s
collaborations

Draft NIH policy for collaborative rescue and
repurposing research

General terms for collaborative agreements
Rights to publication
General intellectual property framework

Statutory requirements—for collaborations and license
agreements

Best practices
Regulatory considerations
Data sharing considerations

Scenarios applying the draft policy




Next Steps:

Centralize Access to I\BGHC

Resources & Expertise

P S ERR AL MO N ST

« Augment the NIH National Chemical Genomics Center
Pharmaceutical Collection

— Purpose: facilitate understanding of drug mechanisms

* Ongoing effort to construct a definitive informatics and
screening resource for drug repurposing

— Current Scope:

» Lists all small-molecule drugs approved for human or
veterinary use (U.S. and worldwide)

« Offers a physical collection of small molecules
amenable to HTS

e Contains ~9,000 unique MEs
— All data publicly available




Augmenting the NIH National Pharmaceuticals Collection:
Enabling Cross-walk Between Druas and Diseases

Data on Investigational (clinical trial stage) drugs
from biopharmaceutical partners, with affected
targets/pathways, and possible indications

— Currently NPC contains any registered _
Investigational drug, but without data on their

activities or stage of development

Listing of all human diseases, affected
genes/pathways/organ systems, and drugs with
efficacy data (but not approved)

— Currently NPC only has diseases that are
Indications for one or more approved drugs




Science Translational Medicine

FERSPELCTIVE

27 April 2011 Vol 3 Issue 80
PHARMACOLOGY

The NCGC Pharmaceutical Collection:

A Comprehensive Resource of Clinically
Approved Drugs Enabling Repurposing and
Chemical Genomics

Ruili Huang,” Noel Southall, Yuhong Wang, Adam Yasgar, Paul Shinn,
Ajit Jadhav, Dac-Trung Nguyen, Christopher P. Austin’

Number World-wide
FDA-Approved (UK, Canada,EMEA, Japan)

Description

A commercial product approved for marketing in the US
with a defined package size, route of administration,
dose, and formulation of an APl or set of APIs

Tylenol, Aspirin Free Anacin, DayQuil,
MNy-Quil, Xcel, Lekadol, Uphamol,
Apacet, Paralen, Phenaphen..._.___.

The brand or generic name of a product approved for
marketing that defines the API or set of APIs used.

Acetaminophen/Paracetamol

wsical substance or mixture of substances intended to
in the manufacture of a drug product

luding salt form, purity, physical behavior, CGMPF, etc ).
Ihwww.fda gov/cder/dmpa/7 356-002F-CDER pdf

103-90-2

_

| Chemical moiety excluding those appended portions of the
[ molecule that cause the drug to be an ester, salt, or other
nencovalent derivative of the molecule, responsible for the
physiological or pharmacological action of an AP

hitp:ien wikipedia.org/wiki/Mew_chemical_entity

Molecular Entity
(ME) / Chemical | 2 508 (2,356) 4,034 (3,936)
Entity (CE)

Chemical entity of defined structure amenable to
high-throughput screening including solubility in agueous
media, stability at ambient temperature in DMSO, and
competent to generate a pharmacological effectin an
‘appropriate in vitro model setfing.

HTS Suitable | 1,817 (1,685) | 2,750 (2,668)

Huang, R. et al. Sci. Transl. Med. 3.80ps16 (2011)



Next Steps:
Resources & Expertise

 Work with industry to identify
collections of abandoned
compounds and their
associated data that could be
made broadly available

 Explore with FDA:

— Periodically
guerying industry about
potentially abandoned
compounds (“*dormant”
HES)

— Making a broader set of
data available at the time of
drug approval




Next Steps:
Facilitate Collaborations
and Partnerships

 Match-making

« Master agreements
e |[ncentives




Establish a Cross-Sector Roundtable on
Translational Science as a Standing Forum

 Future topics:
- R&R
 Master agreement
How to incentivize

Opportunities in biologics
& device development

Need for intermediate
endpoints

Improving predictive tox
Target validation
Combination therapies

Clearinghouses for
precompetitive data

Innovative clinical trial
design
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Mining for therapeutic gold

Frands 5. Collins

A comprehensive and coll sborative strateqy to enable the investigat lon of mew uwsesof
approved and shandened dreg compoun ds could sdvance trans]at ionsl research.

Discoveries shout the moleoular b sof disease are pro-
vﬂmgmp:dmdmmunvmﬁtm—xh

processisfran ght with rmmiimmumhm
high as 9%, the averge time fiom wgetsdection o
approval - 13 years andl when failuresareaccounisd fr
the cost ofbringing a newdrug o marketexceeds L% 1
billion'. S0, strategies toreduce the ime frame, decrese
costs and improve sicoss rates are urgerntbynee ded.

Drugre e md eprposngean ke one of thom srat-
egims, and it offers thekey ad vantage of h arnesing previ-
ous research and devdopment (R ED ) efforts. Approwd
drugsand mary abard oned compoundshave dredybeen
tested in humuns, and s detailed information is avail ble
on their pharmacology, frmuk tion, dosin gand polential
tauxicity. This can enable the mpid testing of new climical
hypatheses, lnding b remarksh le healih oukomes. Far
example. in theearlydaysaf the HIV epidemic. inwstig.
‘toms at the US Matiom 1T istitwes of Health (NIH)calldbo-
rated with acadern ¢ an dindusiry e xperts to rescue AZT
— acompoundtbat vas origirallyinve ig e for use in
cancer but abandoned owingtoladk of efficacy — and it
‘became thefirst dru gio treat pati entswith FIV.

Lovoking to the fiature, rm ch could be grined by wide
applicaticn of compreh ersive colldborative gproaches o
drug rescueand repurmosing. However, there are scien-
‘tific, excomo mic and ad i nistra tive cha Tlen ges tha tneed 1o
beaddressed, includingthe collection and arganimtion
ofcmpoundk and data, incentives for further develop-
‘meent and commercializtion, sty fmues and intellec-
] property considem tions. The private sacior holds a.
sabstartial proportion af the msels, chia md krowle dge
neaded fiox drug rescue and reporposi ng. but the idms
and wherewithal to adkance new applicat ors, epecia
Forrare dise s, may come from diflerent cormpanies the
nen.profit sector or acmdermia

‘T explore ways o approach drug rescu md repur-
‘pasin gmare strategically and comprehensively, fhe MIH
hebla pundable mestingwith becin g represeniatves of
acdemi, grvernmen tand priae sector RED an 21-22
Agril 2011, Acknowledging thevalueafdrug rescueand.
repurposing, participanisat the meeting discusmsed ways
tr ma ke the process more prac tical and les budlensame
(seepage 399). Frthermore, it wasagreedto sstablish a

roundtable asa st adingforum for fost ering oross-sedor
efforts in tran shtional si o tackle challen ges for
which such collaboration is B suocess.
Informed by thesediscussions and in closecollibo -
atian with inchstry, academia and non -profit organ i -
tiams, the NIH will b b hing a comp rehersive effart
0 identify appropriateabanconed compoundk, estsh -
lish master agre ermerts, match par iners, make dataand
recurcs and provide a cetral access point to
relmvant rescurces and expertiss. This will fa litate a fisll
range of scientific approaches to drug rescue and repur-
posing — from sermdipiteus discavery ofnew applica-
licos totarge el mtdm:(bl:d onknown mech misms
of action, to systermtic screening using rdevantasmys
drawn from multiple seciors. This ktler option will be
rticulrly usefal 1 phenotypic screens in which the
actual furget i not known. Thene isako a key e for the
LS Food and Drug Administration (FDA Jin advancing
drug rescue and repurposing efforts (for exmple, fr
rare disezes?), and the recently established N IH-FDA
Leadership Camnal coddbe a forum for exploring strat-
egiesand driving progres.
one immediste step, the NEH will be augrmerting
activitiesthat are urderway to organize avalable dataon
dru geand irvestigati oral compounds throo gh the MIE
G

AChemical Genomics Center Pharmeceutic] Collection
(MPCP. As 2 publicly accessible database and a full

‘physicalcollection of smal Imalecules thata reapproved
for human use the NPC & intended 1o aid cal bbaration
byembling high-thoughputscreeningand dr g repur-
‘posing effarts across a mnge of diseses. Sach reserch
will alsa be animportart focs of the NIH b proposed
Nitioral Certer for Advanding Trarelational Scierces
(NCAT'S. lndked, chug rescue and repurposingresardh
owerdll offers a key cpportunity ko lern from our cal-
lective paet a we shape cur future — afuture inwhich
trmdational science i s more efficient and effectiveat
dlelivering thera pies and diagnostics to putients.
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Final note

More than 80% of the gold
In the Mother Lode is
still in the ground.
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