Anticipating the Next Decade of the Genome

Francis Collins, M.D., Ph.D., NIH Director
A Decade with the Human Genome Sequence:
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B Disorders with known molecular basis

Source: Online Mendelian Inheritance in Man
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Cost per Megabase of DNA Sequence

— Moore's Law




Clinical Applications of Genomic Analysis:
ldentifying Cause of Rare Disease
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Clinical Applications of Genomic Analysis:
Identification of a New Disease

= Symptoms exhibited by Kentucky siblings
— Progressive, debilitating joint pain
— Calcium build-up in arteries of hands and feet; not heart

= Louise and Paula, sisters, seek answers at NIH Undiagnosed
Diseases Program

= SNP analysis and targeted sequencing shows dise
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From Gene Discovery to Clinical Trial:
Hutchinson-Gilford Progeria

= Loss of Hair

PArRRTIeRR

consensus
=  Growth rete

NeHPaSYRYE I

sequence

Early death
Mutation

GG =>GG ,
(G608G) _

progerin
Eriksson, M. et al., Nature (2003)



Lamin A Processing

Normal Lamin A processing
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Children Now Enrolled In FTI Trial
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Clinical Applications of Genomic Analysis:
Diagnosis and Treatment
= Patient: 6-year-old Nic

— Severe inflammatory bowel disease
from just before 2nd birthday

— 100+ surgeries — little solid food —
no diagnosis

= Whole exome sequencing

— Found mutation in XIAP gene

— Gene previously linked to blood disorder; curable by bone
marrow transplantation

= Diagnosis allows treatment

s A e
Credit: Gary Porter, Milwaukee Journal sentinel

— July 2010: Nic receives stem cell transplant from
healthy donor

— Today: doing well; recovery continues
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Clinical Applications of Genomic Analysis:
Sequencing in a Clinical Research Setting

ClinSeq: trans-NIH study, led by NHGRI, exploring how to
apply genome seguencing in a clinical setting

Enrolling 1,000 participants
Initial focus: genetic risk for coronary heart disease
— 200-400 genes implicated

— Disease phenotypes correlated with variants
Moving to whole-genome sequencing

— Stay tuned for details about a
healthy volunteer in this afternoon’s
panel discussion




The Cancer Genome Atlas (TCGA)

= A comprehensive, collaborative effort led by NIH

— To map genomic changes in major types, subtypes of
cancer ...

— To help chart a new course in cancer research

= Pilot project initiated in 2006

— Established scientific infrastructure; demonstrated “proof
of concept”

— Focused on 3 types of cancer: glioblastoma multiforme;
ovarian; lung

— Success of pilot = expansion: Phase Il

= Now aim to characterize 20 cancer types in detalil
over the next four years

THE CANCER GENOME ATLAS @
dhetnd



All the Mutations: Acute Myeloid Leukemia

= Acute myeloid leukemia (AML) , ) |
— Cancer of blood-forming cells in the bone marrow g m

— ~13,000 cases diagnosed in U.S. annually
— b5-year survival rate: 21%

= Landmark study of AML genome

— Completed DNA sequences of skin (normal) cells and tumor
cells in patient; compared sequences

— Found all mutations unique to tumor: 10

[ | R e S e arC h h aS C O Vol 4566 November 2008|d0i:10.1038/nature07485

SR LENENEl DNA sequencing of a cytogenetically
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Despite greater investments in R&D by pharma,

~DA approvals of new medical entities appear to

ne declining
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Approximately 95% of Candidate
Compounds Prove Ineffective

, STAGE 1 , STAGE 2 ., STAGE3
i DRUG DISCOVERY | PRE-CLINICAL i 1 CLINICAL TRIALS

1
1
| PHASE |
20-100 Volunteers PHASE I
i 1,000-5,000 Volunteers
1

Compounds

- Pharmaceutical Research and Manufacturers of America; FDA



The NEW ENGLAND JOURNAL of MEDICINE

The Role of Public-Sector Research

in the Discovery of Drugs and Vaccines

Ashley J. Stevens, D.Phil., Jonathan J. Jensen, M.B.A., Katrine Wyller, M.B.E.,
Patrick C. Kilgore, B.S., Sabarni Chatterjee, M.B.A_, Ph.D,,
and Mark L. Rohrbaugh, Ph.D., ].D.

M EMGL ] MED 364;6 NEJM.ORG FEERUARY 10, 2011
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The Problem of Rare and Neglected
Diseases

= ~7,000 diseases affect humankind — but only a small fraction
support commercial development of therapeutic agents

= Two types of neglected diseases:
— Low prevalence, i.e., “rare” (<200,000 diagnosed in U.S.)
- There are >6000 rare (orphan) diseases | A&

» Cumulative prevalence in U.S. ~ 25 — 30 million
* Most are single gene diseases

« <200 have any pharmacotherapy available
— High prevalence but “neglected”

* Occur chiefly among impoverished and
marginalized populations in developing
nations (treatment costs prohibitive)

 Most are infectious



NIH Therapeutics for Rare and Neglected
Diseases (TRND) Program

Congressionally-mandated effort to speed development of
new drugs for rare and neglected diseases

Collaboration between NIH-intramural and extramural labs
with appropriate expertise

Projects will:

— Enter TRND at a variety of stages of development

— Be taken to phase needed for external organization to adopt
for clinical development

— Not duplicate PhRMA projects

TRND will encourage creative partnerships; novel
approaches to intellectual property



TRND Pilot Projects

Compound

Disease Type Pathology | Collaborators type

Stage

Schistosomiasis, Neglected Infecthus Extramural NME Ea}rly (Ie.ad
Hookworm parasite optimization)

Disease Fnd, Repurposed
Extramural, approved Mid-stage
Intramural drug

CNS,

NPC :
liver/spleen

Biotech, Intermediate

Pre-IND
Intramural replacement

Muscle

Nonprofit,
Intramural, Mid-stage
Extramural

Sickle Cell
Disease

Chronic . Disease Fnd. Repurposed
Lymphocytic Cancer e | approved Pre-IND
Leukemia AT drug




Therapeutics for Rare and Neglected
Diseases (TRND): Pilot Project on SCD

= Compound originally identified at VCU

= Structure: 5-hydroxymethyl-2-furfural
(Aes-103)

— Binds to sickle hemoglobin and increases its
oxygen affinity

= Stage of project: late preclinical

Aes-103 OmM  Aes-103 5mM



Pre-
Clinical

NIH Supported NIH Molecular Libraries § NIH Clinical Center,
Basic Research Initiative CTSAs

Cures Acceleration Network




New NIH-FDA Partnership q)A

r
= NIH-FDA Joint Leadership Council Y
— Established 2010 55
PSS

= NIH and FDA will:

Invest in advancing translational and regulatory science

Better define regulatory pathways for coordinated
approval of co-developed diagnostics and therapeutics

Develop risk-based approaches for appropriate and
accurate review of diagnostics

Make accurate information about
tests readily available 3

\_,'
-



National Center for Advancing Translational Sciences

ON— ™

= O:N_-Q_(CN
. ”{or\“'o N
! !
. A
Assay HTS Prt(z) be Pre- FDA - - 5 o o
Dev. Clinical IND
Lead o
L TRND - HMORN
NIH Supported NIH Molecular Libraries .o NIH Clinical Center, e
Basic Research Initiative RAID CTSAs PCORI

New NIH-FDA Partnerships

Cures Acceleration Network




TH
HUFFIN
POS
Top 1(
Watceh

JANUARY]

Bui
For
An

transform tra
about what th|

research actiy

The
Dev

Jan. 23

There’
piece i
York T]
mornil
Gardin
about

Instity
Health
Franci
effort 1

more drugs to a |
enough to finish|

Washington, D
Vice President
new drug discowv
Collaboration

particularly earl

progress In aiscy

PhRMA agrees
supports the rolg

remain real. In f
promising mole

Oncolg
NIH at
By: MAR

WASHI
funding
Institud
human

Speaki
the an
Collins
post-g
signific
geneti

This, cq
pursue
and int
the ag

Rather
and big
charge
Collins
resear
MNIH, af]
conditi
govern
being i
enterp

Ehe New ork Times

SUNDAY, JANUARY 23,2011

"There
the wa

in which

New Federal Research Center
Will Help Develop Medicines

Boston Globe

February 7, 2011

Opinion: Pharma needs US help; Important drugs will be slow
to market if agencies don’t coordinate

By CHRISTOPH WESTPHAL

THE VAST majority of ptescip-
tion drags are discovered and de-
wveloped by phatmaceutical  and
biotech companies, tot by academ -
ic labs. Newvertheless, companes
depend on wibtant academic re-
seatch to feed the early stage of
their new drugs pipeline — which
is funded largely wia the Mational
Institites of Health At the late
stage of the new
drugs  pipeline,
the Food and
Drig Administra
tion weighs risks
and benefits he-
fore deciding
whether to grant
approval to mat-
ket a new medi-
citie.

The  develop-
ment of important new drigs is

tedicines to the maket, to bing
all the stakeholders to the table (the
NIH, industty, and the FDAY in
suppotting the most innovative and
promising new drugs in mid- and
late- stage trials.

Despite wast iticreases in gov-
erment and industry spending on
tesearch and diug discovery, fewer
important new drags are being ap-

proved now than before. From
1995 to 2004, roughly 30 new

drug developthent pipeline, by ad-
vancing the most promising drugs
guickly through  hoawan  trials,
should be undettaken in parallel.

& focus on improving the late
stage of the new drugs pipeline is
likely to be accomplished only +ia
a rlose collaboration with the MIH
and the FOA on the one hand and
the pharmaceutical and hiotech
industries on the
other. Think of it
this way the new
NIH center may
help  to  bring
tmore new dmgs
to market — bt
in 12 wears at the
eatliest. Twelve
years and $1 hil-
lion are a mind-
thuam estim ate for
the time and money required to
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Tell us what you think...
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5%( U.S.Department of Health & Human Services £ www.hhs.gov

Employee Info | Staff Directory | En Espafol

National Institutes of Health ———

Turning Discovery Into Health »> Advanced Search

Research A TR | '
. . - «f 4 A Personalized Medicine
H’ghhghfs {8 ’-‘ A 49 = & Alcoholism treatment may depend

on genctnc makeup

A sampling of s $or i(-‘ (Y o= 15zt
NIH-supported ot oo P (
research

accomplishments {§ & 7% i f
in 2010 “y & T (« U" ccndmoﬁ

» 1@ 3 4 5 : more information Rt ot

A Tinnitus Research
| Studies may lead to reversal of

Text version of the slideshow (will open in new window)

» Forthe Press

NIH Feedback NIH Director

N Perspectives on NIH 3 i NIH RADIO ' MULTIMEDIA
Newsletters & Feeds Science from Director, o

Francis S. Colling,
M.D., Ph.D.

f | ¢ Medical Research Initiatives
@ Funding N L e e
fOf Reseal'Ch s — . »» Basic Behavioral/Socisl Research

s> Blueprint for Neurcscienos Research




“Cutting the deficit by gutting
our investments In innovation and education is like
lightening an overloaded airplane by removing its
engine. It may make you feel like you're flying high
at first, but it won't take long before you feel the
Impact.”

— President Barack Obama, 2011 State of the Union
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Draft Mission Statement for National
Center for Advancing Translational
Sciences (NCATS)

To advance the discipline of translational science
and catalyze the development of novel diagnostics
and therapeutics across a wide range of human
diseases and conditions
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A Bold New Paradigm:
Cures Acceleration Network (CAN)

= Established by the Affordable Care Act
= CAN will

124 STAT. 978 PUBLIC LAW 111-148—MAR. 23, 2010 cures .

C SEC. 10409. CURES ACCELERATION NETWORK.
— irbahiA TN \/ C ')/ and
4 (a) SHORT TITLE.—This on may be cited as the *Cures
9. Acce ..iunNe‘mnlk Act of 2 pursue l' : ‘
I

) award grants and contracts to eligible entities to accel-
.reduce the barriers between laboratory discoveries and
clinical trials for new therapies and...
(41 reduce the barrie een laboratory discaveries and

and Drug Administ
e CAN, through act



Cures Acceleration Network:
Funding Mechanisms

= Grant Awards:
— Up to $15 million per award per fiscal year
= Partnership Awards:
— $1 match for every $3 from NIH
— Up to $15 million per award per fiscal
= Flexible Research Awards:
— DARPA-like authority
— Not to exceed 20% of total appropriated funds in any fiscal year







Clinical Applications of Genomic
Analysis: Individualized Cancer Treatment

FIRST PERSON
Topic of Cancer
OnefineJune day,the authorislaunchinghis best-sellingmemoir, Hitch-22.Thenext,he’s

throwingup backstage at The Daily Show,in abriefbout of denial,before entering the unfamiliar
country—withits egalitarian spirit,martial metaphors,and hard bargains of people who have

Christopher Hitchens

Complete sequencing of
his esophageal cancer
has just uncovered an
“actionable” mutation.

Stay tuned!



The NEW ENGLAND JOURNAL of MEDICINE

FEBRUARY 3, 2011 364;5

NTSE Mutations and Arterial Calcifications

Cynthia St. Hilaire, Ph.D., Shira G. Ziegler, B.A., Thomas C. Markello, M.D., Ph.D.,
Alfredo Brusco, Ph.D., Catherine Groden, M.S., Fred Gill, M.D.,
Hannah Carlson-Donohoe, B.A., Robert J. Lederman, M.D.,

Marcus Y. Chen, M.D., Dan Yang, M.D., Ph.D., Michael P. Siegenthaler, M.D.,
Carlo Arduino, M.D., Cecilia Mancini, M.Sc., Bernard Freudenthal, M.D.,
Horia C. Stanescu, M.D., Anselm A. Zdebik, M.D., Ph.D.,

R. Krishna Chaganti, M.D., Robert L. Nussbaum, M.D., Robert Kleta, M.D., Ph.D.,
William A. Gahl, M.D., Ph.D., and Manfred Boehm, M.D.

= Sisters and siblings now have their diagnosis

= New knowledge of this disease mechanism:
— Will guide treatment development

— May illuminate metabolic pathways involved in calcification —
Including osteoporosis



TCGA: Phase I

= FY2010 — FY 2011 budget: $275M

= Expansion: to identify recurrent genomic and epigenomic
drivers for at least 20 cancers over next 5 years

— 6 decided: lung, breast, kidney, endometrial, colon, and acute
myeloid leukemia

— Others to be added based on prevalence

= Data are made available rapidly to worldwide
research community

THE CANCER GENOME ATLAS @
idhartiud
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Home AboutUs Disease Targets Development Programs Partnerships News Contact Us x v

~y anew promise for treatment
) of sickle cell disease

AesRx (a&s-r-ex) is a biopharmaceutical company dedicated to the

velopment of two novel drugs, each of which targets an orphan disease.

ugh in the treatment
er of the

nemia, chronic pain and acute pa

, and cumulative damage to tissues

NIH and AesRx partnership: next stage

= Will take Aes-103 beyond pre-clinical
development and into initial clinical trials

= Trials (2) to be conducted in NIH Clinical Center

= Supported by NIH through TRND; Clinical
Center; National Heart, Lung, and Blood Institute
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