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What 1s It?

Tumor, Cancer, and Metastasis s
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| Aggressive phenotype |
Oncogenic mutations
Epi/Genomic instability

Prerequisites — —_—
Self renewal, Invasiveness

oty Do Site All stages Local Regional r Distant I
oegeness manmaten | Breast (female) 86.6 97.0 787 | 233
Colon and rectum 62.3 90.1 65.5 9.2 I
. Liver 6.9 16.3 6.0 I
Vascuarsonesan | Lung and bronchus 14.9 48.7 16.0 [ 2.1
Distant accomplices
[
|
[

Intravasation
Epithelial-to-mesenchymal
transitions

1.9
I

Vasoular progeiors Melanoma 89.6 96.7 60.1 13.8

30.7
1.6
34.0
73.1

Homing Ovary 53.0 94.7 72.0

Attachment
Attraction to survival signals

Pancreas 4.4 16.6 6.8
Prostate 97.5 100.0 -
L Testis 95.5 99.1 95.0

Extravasation
Motility, Vascular remodeling

__—~ Co-opted stroma
. Angiogenesis, Inflammation
- Cancerized stroma

. O spet maasasi “...>90% of deaths is caused by
disseminated disease or metastasis...” @om
NG




Reality: In the U.S., Cancer Continues to

Represent an Enormous Burden

(
\

= 569,490 Americans died of cancerin 2010

= 1,529,560 Americans will be diagnosed with cancer this year

= $124.6 billionin 2010 for cancer healthcare costs
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Unlike Other Major Disease Killers, Cancer Continues to

Take Nearly the Same Toll as it did in 1950

586.8
1950
B 2008
203.1 180.7 193.9 186.2
48.1
e £ 18.5
Heart Cerebrovascular Pneumonia/ Cancer
Diseases Diseases Influenza

Source for2010deaths and diagnoses: Am erican Cancer Society (ACS)2010 Cancer Facts & Figures; Atlanta, Georgia
Source for 2008 age-adjusted death rate: National Center for Health Statistics, NCHS Public-usefilefor 2008 deaths.
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Reality: Global Burden- By 2020, Cancer

Mortality 10 M/yr (Incidence 16 M/yr)

North America
951,400
514,700 §
436,700 *

Central America,
South America
and the Caribbea
823,800

425,100 W
408,700 ¥

Source: IACR, WHO \\
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»

Northern Europe Central and
297,600 Eastern Europe
159,600 742,800
138,000 432,600

’ & ’ 310,200

Western Europe thern Eurape ‘
617,100 ] 3,223,700 .
357,100 § -
260,000 4 2

¥ 1,389,800 Y

331,800
37500 g

626,400

Oceania
77,300

Percentage increase in cancer deaths since 2002 /
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Unprecedented Amount of

Scientific Knowledge: Omics(ssss) Wi
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Is More Knowledge Yielding More

Solutions for Patients? N
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Drugs Diagnostic Biomarkers
Ir::Eu’és'i%%c',s:gD Source: Soure: FDA CDER & CBER Evaluste ARS;raol NwE
$40 - 200 4 ¢
$35 180 ?
$30 { == R&DInvestment 160 % 3 Py P
— NME Approvals 140 c
9281 - 120 <
$20 - 100 '% 2 * ¢
$15 - 80 IS
60 a
0 s = 1] e & ¢ e
$5 20 >
$0 - Lo ©
FESESE TS ES S S FE S LTSI T " D1 993 1997 * 2001 * 2005 * 2009

By courtesy of John Orloff, Novartis AG, Basel, CH (') N OVA RTI s
. Year of FDA Approval
Start to Finish

= 10-15years (1,000- 6,000 volunteers) = Averaging 1.5 FDA approvals per year
= ~$1 billion = 1000’s of samples

Maybe...but can it be more efficient?
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LeighAnderson, Clin Chem (2010) 56: 177-185



Translation Pace: How To Break

Out of Current Paradigm? B
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;S;:‘:’;g; Lead profiling ;\Xréﬁ Kev Needs (from Commur“t\/)

Lead generation

/ (é rQA "‘“’" = Standards and protocols

Small

= molecies ‘-1 = Real-time, public release of data

Target validation / \ Preclinical profiling
I f ‘l,{f ! l = Multi-disciplinary teams and

* Chemical biology Structural biology .
o< Target identifcation Lead generaton environment
Xy Target validation  Library design
o Lead generation * Virtual screening Clinical trial
Target identification * Phenotype screening Lead optimization

imizati * Designing f 7
N Sionaiar socion _ poleny / = Team members with
* Probing selectivity * Understanding @
7 selectivity
S0, Clinical profile 1
- +* Drug

Clinical profile

* Combination therapies

o« Understanding resistance (LSS ) multi-disciplinary training
Saiy o" r
b A T - S

Turning the Crank... The potential to transform cancer
druqg discovery and diagnostics




National Cancer Program:

Stakeholders Giliae
~$18 B per year
)

8

NPO/Foundations léﬁ,%NU‘AL’
$0.6B ﬁ

NCAB Working Group Report,2010



NCI Center for Strategic Scientific

Initiatives (CSSI). Concept Shop o
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CENTE R for
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Acting Director Deputy Director

Douglas Lowy, MD Jerry S.H. Lee, PhD
PHYSICAL SCIENCES Cancer Target Discoveey i S . C i :
. inONCOLOGY SrDevelopment (CTDZ) | ( :) PROTECMIG o™ %

- NCI Alliance for |
[ TrHe CanCEr GEMNOME ATLAS J Nanutechnolugy @ caHuUuUB

I Cand

Mission

“...to create and uniquely implement exploratory programs focused on the development and integration of advanced
technologies, trans-disciplinary approaches. infrastructures, and standards, to accelerate the creation

and broad deployment of data, knowledge, and tools to empower the entire cancer research
continuum inbetter understanding and leveraging knowledge of the cancer biology space for patient benefit...”

(#)rbglilc?ea %E Innovation tt
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First Step (-back): Cancer & Genes-

Take a Page from Engineers?
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Disease of Genomic Alterations
= Copynhumber
= Expression (regulation of)
= Regulation of translation
= Mutations

Superhiated steam
L] - >
m Ep|genome il v R
e at 220°C at MMCC
1725 0580 1,454 20681
o2 L10% L3 1342
0617 1621 081 0883
0471 L1 0,607 0668
382 1618 0,484 0533
321 alls 0,40 0443
0278 2597 0,343 0379
0245 4082 0,249 0331

D219 4366 0265 0293

« Systematic identification of all genomic chang| ¢ o @ ue om0
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TCGA: Connecting Multiple Sources,

Experiments, and Data Types
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THE CANCER GENOME ATLAS '

Three Cancers- Pilot

Biospecimen Core
Resourcewith more
than 13 Tissue
Source Sites

glioblastoma multiforme
(brain)

7 Cancer Genomic

. Characterization
squamouscarcinoma

Centers
(lung)
3Genome
Sequencing
Centers
serous
cystadenocarcinoma Data Coordinating
(ovarian) Center

s

Multiple data types

Clinicaldiagnosis
Treatmenthistory
Histologic diagnosis
Pathologic status
Tissue anatomic site
Surgical history
Geneexpression
Chromosomal copy
number :
Loss of heterozygosity
Methylation patterns
MiRNA expression
DNA sequence

.9
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DN T
LQ, ,lﬁi National Cancer Institute National Human Genome Research Institute

TCGA Home | ContactUs | Forthe Media

Understanding genomics

Data Portal to improve cancer care

The Cancer Genome Atlas q;
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| chri | chra | chrs | chrd | chrs | chré | chr~7|chr~a|chr~g| 1 | 11 | 12 | 13 | 14|15|15|1?|13|19|23| | |c
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hrs |

Glioblastoma: 470
Head & neck: 51
Lung adeno: 57
Lung squamous: 159

Breast carcinoma: 180

I

Stomach adeno: 84

Kidney clear carc: 260

i
(f

TP QRO O DA

Ovarian serous: 525

Colon adeno: 198

Rectum carcinoma: 74

Source: UCSC Cancer Genomic Heatmaps (CopyNumber SNP6). May 2011



Unanticipated Innovations of

TCGA: Human Interactions VDT
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Mid- 2008 Comprehensive genomic characterization
o Reference cancergenome for GBM defines human glioblastoma genes and
o Single author paper (TCGA Network) core pathways

2009

2010

(@)

%r Genome Atlas Researc@

* 300+ authors
Unanticipated Scientific Discoveries

* Hypothesis on a possible resistance X roaKtedue 8
mechanism to temozolomide (TMZ) —

Gene expression-based classificationof GBM
Response to aggressive therapy differs by
subtype- exclude non-responders

PRONEURAL G-CIMP-POSITIVE

— PRONEURAL G-CIMP+ (n=20)

|— PRONEURAL G-CIMP- (n=49)
|— NON PRONEURAL (n=184)

-
(=]
o

Identification of new subsetof GBM
Occurs in younger patients
Evidence of better prediction of outcomes

o
G

S
°

PERCENT PROBABILITY
S OF SURVIVAL
o

Log rank p-value:
7.273E-07

1
0 50 100 150 200 250
TIME AFTER DIAGNOSIS (WEEKS)




Launching Soon: Cancer Target Discover

and Development Network (CTD?) @ o

SCIENTIFIC INITIATIVES

= Accelerate the translation of patient
genomic data into clinical application CTDZ: A Bridge from Genomics to Therapeutics

o Innovate integration of computational
mining of large-scale genomic data
analysis

o ldentifyand confirm new therapeutic

target candidates
Existing therapeutics and /or orphan drugs

o ldentifyand confirm novel modulators
* Small molecules
+ sSiRNAs

= Share models, reagents, analysis
tools, and data with scientific
community

lg %%CER
Solicitation for UO1 will be released summer of 2011 [NSTITUTE
http://grants.nih.gov/grants/guide/notice-filessINOT-CA-11-010.html



Could We Do the Same for Cancer

Proteomics: Not Yet... DT
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THE NATIONAL ACADEMIES

Advisers to the Nation on Science, Engineering, and Medicine

Technologies for Quantitative Analysis Major Challenges

Genomic A Protein « Analytical variability in platforms
DNA products

» Lack of standards, protocols, and
reference data

Emerging
* No consensus on data acquisition,
- analysis, and open access reporting
B b e of raw data
Prototype maps (catalog)

Protein linkage
maps (dynamic)

Array methods

Mature proteomic technologies were
not vet fully mature

Unlike genomic technologies,

l § ;gNCC[ 0y
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Source: Adopted from “Defining the Mandate of Proteomics in the Post-Genomics Era: Workshop Report.” National Academy of Sciences. 2002.



Clinical Proteomic Technologies

for Cancer (CPTAC) Pilot g
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‘ C ) vicat PROTEOMIC Accomplishments (Highlights)
TECHNOLOGIES
=  Firstdemonstrationthat MRM is highly reproducible
nature ghly rep

across multiple laboratories and technology
Multi-site assessment of the precision and reproducibility platforms

of multiple reaction monitoring—based measurements of
proteins in plasma

{a‘? = Developmentof public data portal of raw mass spec
“CaTranche Sl

2004006008001000
Unanticipated Innovations

m&s = Jointdevelopmentwith FDA of mock 510(k) pre-

submissionfor proteomic platforms
» Educate new generation of developers

= Established Antibody Characterization Laboratory

= Provides high quality reagents at minimum cost
to community

= All characterization data posted on public
database

» [ndustry partners and collaborations

ANTIBODY

CHARACTERIZATION LABORATORY P




Full Steam Ahead: CPTC Phase 2
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Pipeline (Summer ’11)

TCGA

Data aa Data, Results

Storage & QC

Data, Results
Storage & QC

EELELIRREREREL }

’(Analytically vaIidate:\
guantitative assays of
proteins

TCGA Protein Assay Protein . ‘ .
Specimens Characterization Development Verification Publcdatgsetsthat
reveal which

transcripts are
translated, while
mapping back to the

NUEE S

)\

Analyte

Prioritization

NS
INSTITUTE



Nanotechnology: Disruptive

Innovation for Clinical Oncology? BN e
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—— = Combine power of innovation in nano-materials and cancer
biology to develop new solutions in cancer

L- Detect Disease Before Health Has Deteriorated q‘
« Sensors :
* Imaging

—> = Deliver Therapeutics

 Localdelivery -

* Improved efficacy

*  Post-therapy monitoring

—> » Develop Research Tools to Enhance Understanding of the Disease

IS

Liposome Gold nanoshell Dendrimer Quantum Dot [ IT%E'{'{E
I




Bringing Nanotechnology to Cancer

Research & Oncology: ANC Netw ork s
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nci Alliance for nci Alliance for

Nanotechnology Nanotechnology
in Cancer in Cancer
Phase | (Pilot) Program
Awarded Renewed
Cancer R
Nanotechnology Evaluation and Update NNG A!tlla?'ce ﬁi’r
i s ahotechnolio
Rlanigablisied = Scientific Output in Cancer 07
RFA
._ _ Over 600 PUbS Released Phaselll (Clinical)
= Clinical Translation Kick-Off

— | \BORATORY - u 50 companies
NCL Launches i OV 200 paterlts
. 8-10clinical trials

2004 2005 2006 2007 ' 2008 W 2009 2010 ' 2011

Nano Imaging

A pilot toxicology study of single-walled
carbon nanotubes in a small sample
of mice

Vol 46415 A peil 2010 |46k 10,7038/ naturs08956. nawre

LETTERS

Evidence of RNAI in humans from systemically
administered siRNA via targeted nanoparticles

Nano Diagnostics et B o e st e e T

mn»—hn\&}u

Nano Therapy

Translational Pre-Clinical Clinical



http://nano.cancer.gov/
http://nano.cancer.gov/
http://nano.cancer.gov/

Now What? How to Interpret It All?

(Wh (0] ?) £V STRATEGIC
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LOTS of Quantitative and Reproducible Data
(Macro, Micro, and Nano!)

Saturated steam Superheated steam
Pressure Temp Vapour i!.»uilk Demsity Specific volune
(kgiem! (") enthalpy mme kgl imkgh
(keallkg) ke at2EC  ar IO
1 31 G385 1725 0,550 I.454 2691
2 1196 2 Bo07 1109 1,223 1342
3 139 GG G617 1421 0812 b
+ L4r e 633.7 0471 1113 0,607 68
5 1511 656.0 0382 518 0484 0533
L3 1581 6370 0321 3115 0402 043
T 1642 6395 0278 3597 0,343 0379
& 1696 G608 0245 4082 0,199 0331
k4 1745 6619 0219 4,500 0,265 LkA]
10 1791 6629 0198 551 0,238 0263
12 1871 645 D166 6024 0,196 0218
14 1941 6657 0,143 6,993 0,167 DIEG
i 2004 666.7 0126 7837 0145 0162
18 06,1 6674 0112 BOTY n1s 0143
w 2114 6680 G101 9,901 0114 s
2 2162 G684 o092 IBE™ 0,103 Blla
4 w7 G687 0085 IL765 0,093 LAl
0% 250 B0 it} 1z81 008 0T
% 290 #69.1 0073 13589 0,078 089
30 52,7 HE02 0068 470 0,072 083

Harness Understanding
“Complex”

This Map is Clickable

- . " Philadelphia m
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Bringing In New Perspectives:

Brainstorming with Experts e
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= Consensus Scientific Themes
w‘_jé = . .
Meefing Report o Understanding the Physics of Cancer
o Evolution and Evolutionary Theory in
: Cancer

Integrating and Level
ne Physical Seiencet & NEW LOOK AT EVOLUTION . o Coding, Decoding and Transfer of
foOpena New Fronti — ANB'EVOLUTIONARY THEORY = Informationin Cancer

in Oncology IN %NCER
WA =

: :"'"(’bm"wm MM QLMQ'V

A\ .

February 26-28, 2008 | The Rit | THE CODING, DECOD‘N@H&‘NSFER{

: ‘ AND TRANSLATION OF INFORMATIOJ

o “De-convoluting” the Complexity of Cancer

P
".5"_\'_ ¥

e ‘L . _/\ =\ IN CANCER ]
i N A e # July 13-15,2008 ; ‘.':; ; QO nsensus NeedS

Program Book ‘\
. \i%- o Establishtrans-disciplinary physical
IR sciences-oncology centers

|

o Centers composed ofintegrated physical
sciences-oncology teams

o Focusontheme(s)for center framework

o Centersled by physical scientists with
co-investigator(s) from cancer
~300 extramural partici ' .
P pants biology/oncology @O&\Jﬁ
INSTITUTE




Critical to Think in Terms of Space

and Time

1
i
Frizzled receptor 41 \
receptor |

i
Sohaciodem €5 M / Lw s —eRas_FORY
t ~ cdaz % ’\Vav
{ \“ ¥ —shcGrb2 éa! ANY; W
Copyight ©2 P'3K‘—Sr'ﬂ \—s Nck e Palld Rhe
Nature Rovien ! (. Cbll P H
Dsh Akwxa l & + i 1
PRTEMEKIRZ - nkk MeK3s
SSK —ccsx 3pH| J— —— Rsk=—— ERK | |
INK/SAPK p38
elF4E —» pmtem synthesns l Abl
Bcatemn l
Jun Elk
My \ e Sap-1a
‘ \ J SRF
RRIRRY  YRRRRIRY | ROrRIRYy
"°Cde25  gene expression c-fos

Rl

Cell
membrane
Altered
metabolism
Second
Sm 9
molecules
Other
changes b4
&
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Ligand
Growth
. factor
Ligand-
binding
domain

Recepto
Receptor
tyrosine
kinase

Protein kinase
activity

Adaptor proteins
Docking proteins
GTP-binding proteins

Protein or lipid kinases
Phosphodiesterases
Metabolic enzymes

Transcription
factors

Nuclear membrane



Metastasis: Deleterious but also
Rare and Random!

_~ Aggressive phenotype

Oncogenic mutations
Epi/Genomic instability

- Prerequisites
Self renewal, Invasiveness
Motility, Detachment survival

— Microenvironment

Angiogenesis, Inflammation
Cancerized stroma

- Intravasation

Epithelial-to-mesenchymal
transitions

Life in transit
Platelet association, embolism
Vascular adhesion

Distant accomplices
Vascular progenitors
Metastatic niche precursors

Homing
Attachment
Attraction to survival signals

_~ Extravasation

Motility, Vascular remodeling

~ Micrometastasis

Survival in dormancy

Co-opted stroma
Angiogenesis, Inflammation
Cancerized stroma

Full colonization
Organ-specific metastasis

% factors and functions

Well-known to
be an inefficient
process (0.01%)

Courtesyof Peter Kuhn (TSRI)
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Physical Sciences-Oncology

Centers Program Goal and Vision g
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= To generate new knowledge and catalyze new fields of
study in cancer research by utilizing physical
sciences/engineering principles to enable a better
understanding of cancer and its behavior at all scales.

= Not looking for new tools to do “better” science, but new
perspectives and approaches to do paradigm-shifting
science that will lead to exponential progress against
cancer.

= Buildtrans-disciplinary teams and infrastructure to better
understand and control cancer through the convergence of
physical sciences and cancer biology.

— “Schools of Thought"

ITUTE




A Future Where Individualized

Medicine Becomes Reality
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Individualized, Targeted Cancer Care

e of targeted pharmaceuticals
(5.
4

clinical outcomes data

pathology cancer treatments

Bedside

treatment and care

¢ 7

laboratory data

genetic data

surgical & radiotherapeutic technologies e f.u_ nq%% .
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http://www.os.dhhs.gov/

Learn More About CSSI...
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R National Cancer Institut
Rt ational Cancer Insttute U.S. National Institutes of Health | www.cancer.gov
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ENABLING PROGRESS IN
CANCER RESEARCH THROUGH
ADVANCED TECHNOLOGIES,
TRANS-DISCIPLINARY

PROGRAMS AND RESOURCES

ONAL
INSTITUTE

http://cssi.cancer.gov e



