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NCATS: Tools and Reagents

NCATS Pharmaceutical Collection (NPC)

- A comprehensive resource of 3,800 approved and
Investigational medicines

- Facilitates repurposing of medicines by the scientific
community

. Investigational
- EXxists as:

= Database (http://tripod.nih.gov/npc) CanadalUK!
= A sample repository for DPI screens

US FDA
Drug plate composition

D>
N National Institutes of Health
C | S NATIONAL CENTER FOR ADVANCING
ata yzmg
Innovation TRANSLATIONAL SCIENCES

Lo Q:EE?‘



http://tripod.nih.gov/npc

PERSPECTIVE

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’

Small-molecule compounds approved for use as drugs may be “repurposed” for new
indications and studied to determine the mechanisms of their beneficial and adverse
effects. A comprehensive collection of all small-molecule drugs approved for human
use would be invaluable for systematic repurposing across human diseases, particularly
for rare and neglected diseases, for which the cost and time required for development
of a new chemical entity are often prohibitive. Previous efforts to build such a compre-
hensive collection have been limited by the complexities, redundancies, and semantic
inconsistencies of drug naming within and among regulatory agencies worldwide; a lack
of clear conceptualization of what constitutes a drug; and a lack of access to physical
samples. We report here the creation of a definitive, complete, and nonredundant list of
all approved molecular entities as a freely available electronic resource and a physical
collection of small molecules amenable to high-throughput screening.
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What is the NCGC Pharmaceutical Collection (NPC)?

The NCGC Pharmaceutical Collection (NPC) is a comprehensive, publically-accessible collection of approved
and investigational drugs for high-throughput screening that provides a valuable resource for both
validating new models of disease and better understanding the molecular basis of disease pathology and
intervention. The NPC has already generated several useful probes for studying a diverse cross section of
biology, including novel targets and pathways. NCGC provides access to its set of approved drugs and
bioactives through the Therapeutics for Rare and Neglected Diseases (TRND) program and as part of the
compound collection for the Tox21 initiative, a collaborative effort for toxicity screening among several
government agencies including the US Environmental Protection Agency (EPA), the National Toxicology
Program (NTP), the US Food and Drugs Administration (FDA), and the NCGC. Of the nearly 2750 small
molecular entities (MEs) that have been approved for dinical use by US (FDA), EU (EMA), Japanese (NHI),
and Canadian (HC) authorities and that are amenable to HTS screening, we currently possess 2400 as
part of our screening collection.

How do | get access to the NPC?

The NPC resource currently consists of (i) the physical collection suitable for high throughput screening
(HTS) and (i) the informatics browser and database. Putting together the physical collection has been
surprisingly challenging in terms of the time and effort required in the informatics, compound management
and synthetic chemistry related activities required for this endeavor. We provide access to the NPC
screening library through collaboration. Please contact our Scientific Director Dr. Chris Austin for additional
information.

The other half of the NPC resource is the NPC browser. This is a self-contained software that is actively
developed and maintained by the informatics group to provide electronic access to the NPC content. The
latest version of the NPC browser for various platforms can be downloaded below. Please let us know if
your platform is not listed. Note that a fairly modern hardware (preferably with at least 2Gb of memory) is
required to run the browser effectively.

How do | download the NPC browser?

File Platform Size
Windows 94.3
Mac OS X 78.7
npc-browser_unix_1_1_0.sh Linux 95.3

MD5 checksum

93299115balefff44f2645£38337ce3b
b9e58L73balfl3aT74f{6525a2b88cTE0T
Tafedcc3T741bd0abic9693829ab9cB52

npc-browser windows_1_1 0.exe

03_1 1 0.dmg

npc-browser
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1) Documents

) Compound Synonym Indication MOA CAS FPubChem CID Ext ID
3 Zolmitriptan Zomig For the acute treatment of Zolmitriptan binds with high 139264-17-8 5731 MPC-7377637
\)vﬁ:ﬂfﬁ AscoTop Zomig Rapimelt adult rigraing with or without  affinity to hurman 441240 Microsource:MS-1505281
Zomigon ZMT s auras. S-HT <subz 1B fsub> and DEOD315
/ 5-HT<subz1D<fsub receptors MNCGCO0095155
s Eletriptan Relpas For the acute treatment of Eletriptan binds with high 177834-92-3 779493 MNPC-7333377
rL kﬂ eletriptan migraine with or without aura  affinity to S-HT1E, 5-HT1D and 143322-58-1 Toronto Research Cheric...
ore ! 5-[2-(benzenesulforylethyl]-... in adults, 5-HT1F receptors, has modest DEO0216
affinity for 3-HT 14, 5-HT1E, MNCGC00181130
Ergomar  Ergotaming For use as therapy to abort or | Ergotamine acts on migraine by 24381-56-4 24871232 NPC-7385148
Ergostat  Ergotamin prevent vascular headache, one of two proposed 8048-75-7 6937504 Mational Cancer Institute:
Ergotaon-2 e.g., migraine, migraine mechanismes: 1) activation of 113-15-5 16759307 Mational Institute of Envi
warlants, or so called S-HT <sub> 10=fsub= receptors o
Dihydroergotamine For potential use in the Dihydroergotoxine is a mixture 1381028 12082315 MPC-7436035 6190-329-2
Dihydroergotamine mesylate treatment of Alzheimer's of three different 76515-02-1 24867491 BIOMOL (Enzo Life Scienc...
Migranal Agit Angionarm disease. ergotaman-3',6',18-triones, 21643-60-8 24871048 L5
DH.E. dihydroergacarnine, 6 ]
) Amerge MNaramig For the acute treatment of Three distinct pharmacological 143388-64-1 4440 MPC-7458154
Uil,« Maratriptarn haratriptan migraine attacks with or actions have been implicated in 121679-13-8 Toronto Research Chernic...
{} ! M-methyl-2-[2-{ 1-rethylpiper... without aura in adults, the antimigraine effect of the 121679-10-4 DEO09S2
h Maratriptanum 3 triptans: (l)ft\njulftinn of MNCGCO0181786
Frovatrintan Froma For the acute treatment of Three distinct pharmacological 158930-17-7 77992 NPC-7285295
{ i Frovelan migraine attacks with or actions have been implicated in 158747-025 Toronto Research Cheric...
i )L_) Frovatriptan succinate without aura in adults, the antimigraine effect of the 158930-09-7 DEO0998
Miguard T triptans: (1) stimulation of MCGOO01823880
Almatriptan Almogran For the treatment of acute Almotriptan binds with high 181183-52-8 123606 NPC-7377572
< ﬁj Axert almotriptan migraine headache in adults affinity to hurnan 154323-57-6 Microsource:MS- 1505204
dimethyl(2-{5-[(pyrrolidine-1-... S-HT <sub=1B</sub> and DEON91E
£ Lz S-HT <sub> 10=fsub= receptors NCGOOO095135
Clonidine  Catapres May be used as an adjunct in - See Pharmacology section 4203-91-8 2803 MNPC-7391426
Adesipress Catapres-TTS the treatment of above. 4205-90-7 20179 BIOMOL (Enzo Life Scienc...
Catapresan  Catapressan hypertension, as an epidural 135589-09-2 BIOMOL (Enzo Life Scienc...
Catarpres ) infusion as an adjunct 10
Sumnatriptan Imigran For the treatment of migraine  The S-HT <sub> 1B</sub> and 103628-48-4 59772 MNRPC-7423992
Irnitres; Imnitrex Oral attacks with or without aura. S-HT<sub>1D=fsub> receptors 1036258-46-2 5358 Key Organics Ltd. KS-1116
Surnatran Surnax MP101 function as autoreceptors, 211794-26-0 Microsource:MS-1505372
B which inhibit. the firing of
Rizatriptan henzoate For treatrment of acute Three distinct pharmacological 145202-66-0 S078 MNPC-7439080
Rizatriptan Maxalt migraine attacks with or actions have been implicated in 159776-67-7 Microsource:MS-1505189
\ Maxalt MLT  Maxalt-MLT without aura, the antimigraine effect of the 144034-80-0 DBO02S3
4 .8 triptans: (1) stimulation of MCGCO0035899
g Valproate semisadium Epival For treatment and Divalproex binds to and inhibits 99-66-1 3121 NPC-0200249
Divalproex sodiurm Depakene  management of seizure GABA transaminase. The drug's 1069-66-5 3540020 Environmental Protection ...
ﬂ Alti-valproic Awugane disarders, mania, and anticorvulsant activity may be 76584-70-8 16760703 Microsource:MS-1500605
o= prophylactic treatment of related to increased brain 23663956 3
%) Inderal Obsidar For the prophylayis of Propranolol competes with 212089 165192 MNPC-7262645
Propranolol Dociton migraine. sympathomimetic 525-66-6 62882 BIOMOL (Enzo Life Scienc...
1 Propanolol Avlocardyl neurotransmitters such as 69136-73-8 4946 BIOMOL (Enzo Life Scienc...
T Inderide Angilal catecholamines for binding at 0
£ Betimol  Timoptic Inits oral form it is used to Like prapranalol and nacolal, 26921-17-53 43479754 MPC-7234367
(i i Timolal maleate Timolol treat high blood pressure and — timalol competes with 26839-75-8 33624 BIOMOL (Enzo Life Scienc...
<L Apo-Timal Apo-Timap prevent heart attacks, and adrenergic neurotransmitters 50928-08-1 5281056 BIOMOL (Enza Life Scienc...
T Aquanil Betim A D[Easmné\\y tg plrever)t ;udj as [aﬁe[ht}lammgs for B 3 10
1 Topiramate Topamax Used for the treatment and The precise mechanism of 97240-79-4 5284627 NPC-7206873
iy Topamax Sprinkle control of partial seizures and action of topiramate is not 16757856 Microsource:MS-1505801
X :C\“ ¥ Tipiramate [French] severe tonic-clonic (grand known, However, studies have DEO0Z73
! mal) seizres and also for the  shown that topiramate blocks MNCGCO0178714
Solprin - Salicylic acid acetate For use in the temporary relief  The analgesic, antipyretic, and 50-78-2 2244 MPC-7384766
VJ:] Polopiryna — Aspirin of various forms of pain, anti-inflammatory effects of 69-46-5 Microsource:MS-1500130
5 Acetylsalicylic acid  Easprin inflammation associated with acetylsalicylic acid are due to 53664-50-9 MIH Center for Chemical G...
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[] EM& orphan (2/327)

[ TN (18(7,319)

[ usAN (2fas4)

[ Tariff {18/7,587)

[ KEGG (16/3,474)

[] FDA maximurn daily dose (1211,181)
[ DrugBank »3.0 (17/1,321)

[] Community curation (10/2,001)

[] QC spectra (101,431}

15 compounds, tag "FDA orange b..."

- 0 + >

N@é@\c

NIH CHEMICAL GENOMICS CENTER



CONTENTS

2 Targets

4 Clinical Trials
W Diseases

1) Documents

Identifiers \ Regulatory
Indication

Anticanvulsant

For use as sole and adjunctive therapy in the treatment of simple and complex absence seizures, and adjunctively in patients with

multiple seizure types which include absence seizures

For treatment and management of seizure disorders, mania, and prophylactic treatment of migraine headache

Mechanism of Action

Anticonvulsants
Antimanic Agents
Enzyme Inhibitors
GABA Agents

“Walproic Acid binds to and inhibits GABA transaminase. The drug's anticonvulsant activity may be related to increased brain
concentrations of gamma-aminobutynic acid (GABA), an inhibitory neurotransmitter in the CNE, by inhibiting enzymes that catabolize

]

"L Targets (3) | 4 Clinical Trials (4) | 1) Documents (4} ‘@/ Product Labels (120} | Fraaments (0} | 5 Topalogies (0) |

4-aminobutyrate aminatransferase, mitochondrial (GABT_HUMAN)

A i PB0404 ASK3EE Q16260 QaNAYW2 Q9EBG2 Q99800
Genes ADAT GABAT

Organism Homo sapiens

short/branched chain specific acyl-CoA dehydrogenase, mitochondrial (ACDSB_HUMAN)

Accessions P45954 DIRCYT
Genes ACADSE

Organism Homo sapiens

Histone deacetylase 9 (HDACI_HUMAN)

Accessions QIUKND ATEZFS 094845 095028 Q2M2RE GBESLT GBEUST

Genes HDACS HDACT HDACTE HDRP KIAADT44 MITR

Organism Homo sapiens

22 || (@ migraine )

o@ o
[] MPC inFormatics (18/14,814)
[] MPC screening (1843,272)

[] Approved drugs (18/7,929)
[] Human approved drugs (18(7,793)
[] FOA spproved (164,655)

[] FOi human approved (16/4,464)
[ Structure undefined (0/S,681)
[] Biologics {0/807)

[] Inorganics (0fS31)

[[] HTS amenable drugs (18/7,630)
[] FOA drugs@FDA (15(1,751)
FD# orange book (15/1,661)

[] FDA NDC (16/3,359)

[] FDA OTC (1f1,088)

[] FOA DailyMed (1511,176)

[[] FO& gresn book (1/426)

[] Us DEA (nf282)

[] canada (8/2,673)

[] UK MHS (13{1,707)

[ Japan (152,345}

[] EM& human approved (0/328)
[[] EMa veterinary appraved (0/33)
[] WHO essential (31448)

[ withdrawn (0/97)

[ ClinicalTrials.gow (15/980)

[] EMa orphan (2/327)

[] IMM (18(7,319)

[] Usan tzfa94)

[ Tariff (16/7,557)

[] KEGG (18/3,474)

[] FDA maximum daily dose (12{1,181)
[] DrugBank 3.0 (171,321}

[] Community curation (102,001}
[[] qC spactra (10/1,491)
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Identifers | Regulatory Status | Thlapsutics | Properties

u.s. Appf

FDA drugs@FDA
Approved Drug Products (Orange Book)
FDA Mational Drug Code Directory (NDC)

Yorld Approved

Dictionary of Medicines and Devices (LK)
Therapeutic Products Directorate (Health Canada)

The Japanase Pharmacopeia, Fourteenth Edition
Other

WHO International Monproprietary Mames (JMR)
Harronized Tariff Schedule of the United States
FDA Maximum (Recammended) Daily Dose
KEGG Drug

= Targets (3) | 4 Clinical Trisls (4) | &) Documents (4] | g/ Product Labels (120} | . Fragments (0) | & Topologies (0} |

4-ami yrate aminotr mitochondrial (GABT_HUMAN)

Accessions P0404 ABKIEE Q16260 OENSW? QIERG2 Q99800
Genes ADAT GADAT

Organism Homo sapiens

Short /branched chain specific acyl-Coa dehydrogenase, mitochondrial (ACDSB_HUMAN)

Accessions P45554 QSECHT
Genes ACADSH

Organism Homo sapiens

Histone deacetylase 9 (HDAC9_HUMAN)

Genes HOACY HDACY HDACTE HORP KIAADT 44 MITR

Organism Homo sapiens

Lmi| (@ migraine

| Filters
0 o@ oD@

[] MPCinformatics (18/14,514)

[] MPC screening (18/3,272)

[] Approved drugs (18(7,929)

[[] Human approved drugs ¢18/7,793)
[] FDA approved (16/4,655)

] FD& human approved (16/4,464)
[ Struckure undefined (0/5,631)
[] Biologics {0807}

[] Inorganics (0/531)

[] HTS amenable drugs (18/7,630)
[ FDA drugs@FDA (15/1,751)
FDA orange ook (15/1,661)

[] FDA NDC (16(3,359)

] FO& OTC (141,086

[] FOA& DailyMed (15(1,176)

[] FDA green book (1/426)

[] US CEA (0f282)

] Canads (82,673

[ UK NHS (13/1,707)

[ Japan (15/2,345)

["] EMA human approved (0f326)
[] EMa veterinary sppraved (0/33)
[] WHD essential (3/448)

[] wWithdrawn (0/37)

[ clinicalTrials, gor (151930

[] EMa orphan (2j327)

] K (18(7,318)

[ USAN (2/894)

[ Tariff (187,587

[] KEGG (163,474}

[] FDA maximum daily dass (12f1,181)
[] DrugBank v3.0 (17/1,321)

] Community curation (10/2,001)
[] Qc spectra €10§1,491)
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NCATS: Innovative Approaches
Finding New Uses for Approved Medicines

The Problem: Chronic Lymphocytic Leukemia (CLL)
= About 30% of adult leukemia
- 15,000 new U.S. diagnoses per year, 80% age 60+
- Many refractory to current treatments

The NCATS Approach
- DPI — screens the NCATS Pharmaceutical Collection
- DCI - rapid clinical trial
= Collaboration with non-profit sector

National Institutes of Health

CNQATS NATIONAL CENTER FOR ADVANCING
atalyzing
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Capitalizing on Strengths

Discovering and developing drugs for the
treatment of rare hematological malignancies

THE UNIVERSITY OF National Institutes of Health

KAN SAS NATIONAL CENTER FOR ADVANCING

Cata zm
The Institute for Advancin TRANSLATIONAL SCIENCES
Me‘calicnal Inn:vaotion : Inn OVatl (@)

Bench to bedside translation The - Focus on rare and neglected
Learning
ational leadership in pi— ndustrial scale :
medicinal and pharmaceutica Collaborative medicinal chemistry, and
chemistry bioinformatics capabilities

Pharma experience |+ Pharma experience
LEUKEMIA &

LYMPHOMA

SOCIETY

fighting blood cancers

. ~ 400 active research projects

*  World-wide network of blood cancer experts
«  Track record of commercial partnerships

. Pharma experience
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The University of Kansas

Search KUMC news

[ Search |

Clinical trial sites:
KU (Bhalla)

NIH (Wiestner)
OSU (Byrd)

Search Gt »

C Email AMGEL Directory Library A-Z-

KUMC News
KUMC Heme = Mews Listing Page = KU researchers repurpose arthritizt drug to treat leukemia

KU's Institute for Advancing Medical Innovation, The Leukemia & Lymphoma
Society and NIH begin groundbreaking clinical trial for leukemia patients

Movermnber 01, 2011
By KUMC News

As part of an aggressive effort to speed delivery of treatments to patients by finding
new uses for approved drugs. researchers at the University of Kansas Medical Center
have begun a clinical trial targeting the most common form of adult leukemia with a
drug first approved to treat arthritis more than 25 years ago

Earlier this month, KU researchers treated the first trial participant, a Kansas City-
area patient suffering from chronic lymphocytic leukemia or CLL, with the drug
auranofin, which has long been used to treat patients with arthritis

The trial is one key piece of a larger collaboration between KU The Leukemia &
Lymphoma Society (LLS) and the Mational Institutes of Health (MIH) to accelerate

discovery and development of safe, effective and affordable cancer treatments. Over Scott Weir, BharmD, PhD, is director of
the last two years, the group discovered that auranofin kills CLL cells in test tubes KU's Institute for Advancing Medical
and received approval to test the drug in CLL patients Innovation

“Today's process of discovering and developing new drugs for patients takes too

much time and costs too much money,"” said Louis J. DeGennaro, Ph.D., executive vice president and chief mission
officer, LLS. "The collaboration between KU, LLS and MNIH is committed to giving new hope to patients by reducing sharply
the time and costs associated with developing new therapies. Auranofin is a great example of what is possible through an
effective public-private partnership.”

"Spending more than 31 billion and taking more than a decade to deliver new therapies to patients is simply not
sustainable " said Scott Weir, PharmD, PhD, director of KU's Institute for Advancing Medical Innovation. "Our group moved
this new discovery into a clinical trial in just two years and for about 31 million, representing significant time and cost
savings from business as usual.”



FasterCures Webinar
Collaboration in Action

The Learning Collaborative™
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Presenters

e Christopher P. Austin, MD
— Director of Preclinical Innovation
— National Center for Advancing Translational Sciences
— National Institute of Health

e Louis J. DeGennaro, PhD
— Chief Mission Officer
— Leukemia & Lymphoma Society

e Scott J. Weir, PharmD, PhD

— Director
— Institute for Advancing Medical Innovation
— University of Kansas Cancer Center




What was important?

Auranofin project supported by NIH, LLS, philanthropic and
economic development funding sources

Rapid results lead to philanthropic funding opportunities

“Marrying” funding sources (and restrictions) to support specific
project activities

Integrate technology transfer into teams
Defining, capturing and maximizing exclusivity path(s) to
Interest for-profit partners

Address regulatory science issues that impact the repurposing off
patent and/or abandoned drugs



What was important?
Regulatory Science

e Each project is unique, but in general, projects employ one
or two “common” strategies

— Therapeutic indication
+ Related indication (e.g., blood cancer indication leads to study in solid tumors)

¢ Unrelated indication (e.g., auranofin, FDA approved arthritis agent, currently in
use, for the treatment of CLL)

— Improved delivery
+ Elimination of excipients associated with safety issues
¢ Different route of administration
+ Combination products
+ QOvercome pharmacokinetics issues

e 505(b)2 path
e Accessing data generated by innovator firms




What was important?

Defining Exclusivity Path(s) and
Reimbursement Strategies

Difficulties in establishing exclusivity for approved drugs has
deterred industry from drug repurposing

Requires multiple, innovative approaches integrated into one
comprehensive strategy

Regulatory science plays a critical role in defining

It’s never too early to develop reimbursement strategies
May require public policy initiatives to encourage drug
repurposing for rare and neglected diseases

ValueMaP ™ (“Value Maximization Path”) under
development



Genomics-based computational
approaches
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The application of established drug compounds to new therapeutic indications, known as drug repositioning, offers ? g
several advantages over traditional drug development, including reduced development costs and shorter paths to ap- 2
proval. Recent approaches to drug repositioning use high-throughput experimental approaches to assess a compound’s ¢ l
potential therapeutic qualities. Here, we present a systematic computational approach to predict novel therapeutic in- Disease gene expression signature Drug gene expression profile
dications on the basis of comprehensive testing of molecular signatures in drug-disease pairs. We integrated gene ex- "Em @ m.

pression measurements from 100 diseases and gene expression measurements on 164 drug compounds, yielding
predicted therapeutic potentials for these drugs. We recovered many known drug and disease relationships using com-
putationally derived therapeutic potentials and also predict many new indications for these 164 drugs. We experimentally
validated a prediction for the antiulcer drug cimetidine as a candidate therapeutic in the treatment of lung adenocar-
cdnoma, and demonstrate its efficacy both in vitro and in vivo using mouse xenograft models. This computational
method provides a systematic approach for repositioning established drugs to treat a wide range of human diseases.
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What has worked

Rational repurposing based on knowledge of disease
pathogenesis and drug pharmacology

— Intended target: sildenafil for ED, PAH

— Adventitious target: losartan for Marfan’s

Computational (pathway or pattern based) approaches in
selected cases

— Comprehensive informatics resource assists

— Validation in humans generally lacking

Phenotypic screening of human patient-derived cells
across comprehensive small molecule screening
resource

— e.g., auranofin for CLL

Disease-focused teams with comprehensive and
complementary expertise



What has not worked so well

Repurposing based solely on animal model data
— Often unclear whether is due to non-human applicability of model or
poorly performed animal study
Computational (pathway or pattern based) approaches
without experimental testing

— Lots of algorithm papers, some preclinical validations, very few
clinical (human) translations

» But absence of evidence is not evidence of absence
Phenotypic screens without prospective plan for translating
to human — often best intentions but lack of
translational/clinical resources frequently result in project
arrest

Repurposing generic drugs to through registration trials for
new indication is difficult — new funding paradigm needed



