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What iIs It?

- Aggressive phenotype

Tumor, Cancer, and Metastasis
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Oncogenic mutations
Epi/Genomic instability

Prerequisites
© _ Self renewal, Invasiveness
Motility, Detachment survival

~ Microenvironment

Angiogenesis, Inflammation
Cancerized stroma

. Intravasation

transitions

Life in transit

Epithelial-to-mesenchymal

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

“X — Full colonization

Organ-specific metastasis
* % factors and functions

Organ Site All Stages | Localized Regional| Distant
Prostate 99 100 100 I 28
Breast 89 98 84 : 24
Ovary 44 92 72 I 27
Uterine Cervix 68 91 57 g 16 |
Melanoma 91 98 62 | 15
Urinary Bladder 78 70 33 I 6
Kidney 71 91 ea I 12
Colon and rectum 64 90 70 I 12
Esophagus 17 38 20 : 3
Lung and bronchus 16 952 25 I 4
Liver 15 28 0 g 3 |
Pancreas 6 23 9 | 2 I
| NS

“...>90% of deaths is caused by
disseminated disease or metastasis...

Gupta et. al., Cell, 2006 and Siegel et. al. CA Cancer J Clin, Jan 2013



In the U.S., Cancer Continues to

Represent an Enormous Burden R S
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= 567,628 Americans died of cancer in 2009 (580,350 projected for 2013)
= 1,660,290 Americans will be newly diagnosed with cancer in 2013 (projected)
= $124.6 billion in 2010 for cancer healthcare costs

Unlike Other Major Disease Killers, Cancer Continues to
Take Nearly the Same Toll as it did in 1950
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Source for 2013 projected deaths and diagnoses: Siegel et. al, Cancer Statistics, 2013
Source for 2010 age-adjusted death rate: National Center for Health Statistics, NCHS Public-use file for 2010 deaths.



Global Burden: By 2020, Cancer
Mortality 10 M/yr (Incidence 16 M/yr)
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Morth America
951,400
514,700 §
436,700 .

331,800
177,500
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South America
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Unprecedented Amount of

Scientific Knowledge: Omics(ssss) Watam
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A map of human genome variation from
population-scale sequencing

NATURE

nature 1 NOVEMBER 2012

e An integrated map of genetic variation
prhee

from 1,092 human genomes
1" N human The 1000 Genomes Project Consortium®*
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49,024 pubs 54,587 pubs 87,793 pubs 38,506 pubs

ISI search for genomics, proteomics, transcriptomics, metabolomics, phenomics, interactomics, glycomics



Is More Knowledge Yielding More

Solutions for Patients? goy S
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Drug Discovery and Development Diagnostic Biomarkers
Industry R3.D Source: Source. FDA COER & CBER, Evaluate Annual NME
(EEI}.‘I‘IEE'(;:Z ) Approvals
$40 - - 200 § : ¢
$36 - - 180 C_>G~
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Year of FDA Approval

By courtesy of John Orloff, Novartis AG, Basel, CH (’) NOVARTIS

= 10-15years at ~ $1.8 bhillion” =  Averaging 1.5 FDA approvals per year?’
= 2007: 19 NMEs [lowest since 1983] = 1000’s of samples

= 2008: 21 NMEs [29% new-in-class] = Balancing complexity of biology against
= 2009: 24 NMEs [17% new-in-class] heterogeneity of patients

Maybe...but can it be more efficient?

“Paul et. al, Nature Rev. Drug Discovery, March 2010; T Leigh Anderson, Clin Chem, 2010



Translation Pace: How To Break

Out of Current Paradigm? o
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Key Needs (from community ‘02)

“”“'”“"“‘”“ = Standards and protocols
———— $166M $414M
== 2 oo "3 = Real-time, public release of data
ical profiling
= Large, multi-disciplinary teams
—h{— Phase |: $273M l g p y
Phase II: $319M HAt_fri i
P $OAM hase I: $319\ = Pilot-friendly team environment
A to share failures and successes
Clinbzal trial

Targat identification

\ $48M \ @ Team members with

R trans-disciplinary trainin
P _$1.8Blturn N prnaty J

Gane &
*y

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

Paul et. al, Nature Rev. Drug Discovery, March 2010



National Institutes of Health (NIH):

27 Institutes and Centers

W = +_1F * m
NHGRI ~ NIA  NIDA
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NIH Budget ~ $30.8 Billion (FY12)
» ~82% for extramural support
» ~63,000 grants and contracts

NIDCD NIMH
NIDCD  NIMH
NLM  NIDDK
, D] |o=
= @NCHD 63 NIMHD NIDCR NIEHS
NIGMS NICHD  cC
o (B &
NAAM :
M ¥ [ S &3] NCATS
NCCAM  NIAID § NCI I NHLBI

NCI Budget ~ $ 5.07 Billion (FY12)
» ~ 76% for extramural support
» ~7,8000 grants and contracts


http://www.cancer.gov/�
http://www.nei.nih.gov/�
http://www.genome.gov/�
http://www.nia.nih.gov/�
http://www.niaaa.nih.gov/�
http://www.nhlbi.nih.gov/�
http://www.niaid.nih.gov/�
http://www.niams.nih.gov/�
http://www.nibib.nih.gov/�
http://www.nichd.nih.gov/�
http://www.nidcd.nih.gov/�
http://www.nidcr.nih.gov/�
http://www.niddk.nih.gov/�
http://www.niddk.nih.gov/�
http://www.nida.nih.gov/�
http://www.niehs.nih.gov/�
http://www.nigms.nih.gov/�
http://www.nimh.nih.gov/�
http://www.nimhd.nih.gov/�
http://www.ninds.nih.gov/�
http://www.ninr.nih.gov/�
http://www.nlm.nih.gov/�
http://www.cit.nih.gov/�
http://www.fic.nih.gov/�
http://clinicalcenter.nih.gov/�
http://ncats.nih.gov/�
http://www.nccam.nih.gov/�
http://www.csr.nih.gov/�

National Cancer Program:

Stakeholders

& 5

~$18 B per vear

Director
Harold Varmus, MD

Deputy Director
Douglas Lowy, MD

o

NCAB Working Group Report, 2010



NCI Center for Strategic Scientific

Initiatives (CSSI): Concept Shop < P
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Director ~$190M (FY12) Deputy Director
Douglas Lowy, MD Jerry S.H. Lee, PhD

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 in better understanding and leveraging knowledge of the cancer
biology space for patient benefit...”

V ~1 PROTE OMIQ |F’HYSICAL SCIENCES — | Provocative Tumm
IC) TECHNOLOGIES I INONCOLOGY | it :
II | I ! | Initiative A

2003, 2007, 2011 2005, 2010 2008 2011

Il. NCI );Ihanf‘e for I . Ill "ﬂ';:'w_l;. Cancer Ta rget DiscoverY
Nanotechnolo ; ~ER GENOME ATLAS 5!
| in Cancer gy l !I THE CANCER GENOME ATLAS d /lll Se Development (CTDz)

2004, 2008 2005, 2008 2010



http://physics.cancer.gov/default.asp

First Step(back)- Cancer Genomics:

Taking a Page from Engineers e
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Disease of Genomic Alterations

= Copy humber
= Expression (regulation of)
= Regulation of translation

= Mutations

= Epigenome 25
pIg 5

: =4
Translocation
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» Systematic identification of all genomic changes
* Repeat (a lot) for individual cancer
* Repeat for many cancers

e Make it publically available
Steam table (Reference)
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TCGA: Connecting Multiple Standardized

Sources, Experiments, and Data Types

THe Cancer GENOME ATLAS (T

Three Cancers- Pilot Multiple data types

Biospecimen Core « Clinical diagnosis
glioblastoma multiforme Resource with more » Treatment history
(brain) § than 13 Tissue » Histologic diagnosis
Source Sites e Pathologic status
—"

Tissue anatomic site
Surgical history

Gene expression
Chromosomal copy
number

Loss of heterozygosity
Methylation patterns
MiRNA expression
DNA sequence

7 Cancer Genomic
Characterization

squamous carcinoma
q Centers

(lung)

3 Genome
Sequencing

Centers
serous

cystadenocarcinoma
(ovarian)

Data Coordinating
Center




Genomic

The Cancer Genome Atlas Understanding genomics

Data Portal to improve cancer care
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“Steam Table”

summer 2011 [ enrs | cnre | ches | ched | ches | chre | che | ehes | enes| se | 11 | 1z | 13 | 14| 15| 16|17 15]19]2e] |
(NI ETAC TR R AT (NN AR T W CTCAT TR (NN R (T TR (T (R (A MDD DD
‘ — - T — = — = — =

Glioblastoma: 470
Head & neck: 51
Lung adeno: 57
Lung squamous: 159
Breast carcinoma: 180
Stomach adeno: 84
Kidney clear carc: 260
Ovarian serous: 520
Colon adeno: 198
Rectum carcinoma: 74

Source: UCSC Cancer Genomic Heatmaps (CopyNumber SNP6) .
[https://genome-cancer.ucsc.edu/] Compiled by Jerry S.H. Lee, PhD, May 2011 TOtaI- 2053



Genomic

The Cancer Genome Atlas

Data Portal

Understanding genomics
to improve cancer care

@+ CENTER fr

“*Steam Table”
chei | chr2 | chra | chrd | ches | ched | che? [ ches|cnea| 18 | 11 | 12 | 15 | 14 | 18] 1817 158]19]26] |

Spring 2013 e D B CTTOT TN T o

Source: UCSC Cancer Genomic Heatmaps (CopyNumber GISTIC2) [https://genome-cancer.ucsc.edu/] Compiled by Jerry S.H. Lee, PhD, March 2013
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Glioblastoma: 563
Brain lower grade glioma: 180
Head & neck: 306
Thyroid carc: 401
Lung adeno: 356
Lung squamous: 343
Breast carc: 866
Stomach adeno: 237
Liver hep. carc: 97
Kidney pap. cell carc: 103
Kidney clear cell carc: 493
Ovarian serous: 559
Uterine corpus end. carc: 492
Cervical carc: 102
Bladder carc: 135
Prostate adeno: 171
Colon/rectum adeno: 575
Total: 5979



What about Biomarkers? Clinical

Proteomics Tumor Analysis Program Senseams
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Phase Il Launched Sept 2011

» Analyze matched TCGA samples using two approaches
o Targeting genome to proteome
0 Mapping proteome to genome

—
-
—

= Develop validated and quantitative assays and reagents
0 Lessons from Phase | (mock 510K submission)
o Antibody Characterization Lab

DNA  =ssmp RNA  =ssmmp Protein

= Distribute raw and analyzed data via public data portal

)
Analyte

TCGA . .
Specimens _ : eAnalytically validated
MCTETM o) KA quantitative assays of
Characterization Development Verification .
proteins

*Public data sets

Prioritization

TCGA
Data e Data, Results Reagents Data, Results
Storage & QC Storage & QC




CPTAC Phase II: Highlights,

Progress to Date, and Data Release S
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Status Update: Fall 2012

= Due diligence studies near completion

o Cross network experiments show
comparable lab-to-lab measurements

= Orthogonal proteomic platforms and analysis
(proteome - genome vs. genome - proteome)
reveal additional unexpected complexities

= Verifying new insights will require additional
sample sets and development of novel analysis
algorithms and techniques

= Public data portal access OPEN!
(Phase I: 351 GB, Phase Il: 616 GB)

Monthly Disk Usage - 2012

w0 |
] a0l |
wa ¥ 1100
1 F ) ) |
1300
100 |
Wn FbE o Mar A

B May ure M Algun et

Open Access to Proteomic Data CPTAC Phase | Data
- 431 18 B Cotral rezo

TsoRte Prads | of CFTAC praject, tuncsud m 2000 wal WPhase | (GO} WPhase NIGE)  WWHIM Genomic [GE)

e itat e 0 the Protes Sreioprs T ssdTan P e EECH End
Characenzaton Cortiers (PCC3) and proades NS vy iU T e gl Garers




Where Do We Go From Here?

Is It JUST More Data?

| et | cre | coes | cnrs | ones | cors | core | ches|enr| 1o | 11| gz | 1a |14 | 15 1517 18[1ged] |
(NN (TITID T (AT N (AT (D T D

DI N IDIDD0

1
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Time? (Evolution)
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Bringing Nanotechnology to Cancer

Research & Oncology: ANC Network SEacemn
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nci Alliance for nci Alliance for

Nanotechnology Nanotechnology . afliance for
_ : Nanotechnology
— Awarded Renewed .
Phase Il (Clinical)
Cancer Kick-Off
Nanotechnology )
Plan Published Evaluation and Update Update 2013
= Scientific Output ] ]
n Over 600 pubs L] DlagnOStICS
NANDTFC]INDI(]\;J‘.[: = Clinical Translation v 6 ongoing trials
= 50 companies = Therapy
Ll Over 200 patent apps v 5 ongoing trials
NCL Launches = 8-10clinical trials = Imaging

v 5 ongoing trials

2004 2005 2006 2007 ' 2008 '2009 2010 ' 2011 2012 2013

LETTERS

Nano Imaging

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

il 46415 A 2OV sk L1 D S e

MEIKE L. SCHIPPER', NOZONE NAKAYAMA-RATCHFORDF, CORRINE R. DAUIS', . .
INE WONG SHI KAM', PAULINE GHU, ZHUANG LIF, NAOMING SUIF, HONG.JE DAF

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

Mark E. Davis', Jonathan E. Zuckenman', Chung Hang L Ched!, David Seligson™, Anthony Tolcher”,
Christopher A, Alabi'F. Yun Yen®, Jerery D. Heidel” & Antoni Ribas™

Nano Diagnostics
Nano Therapy

Translational Pre-Clinical



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

Bringing In New Perspectives

and Teams (2009) e
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PHYSICAL SCIENCES —
inONCOLOGY

= 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.

= Build trans-disciplinary teams and infrastructure to better
understand and control cancer through the convergence of

physical sciences and cancer biology.

New — “Schools of Thought”



http://physics.cancer.gov/default.asp�

Physical Science Perspective:
Space and Time Are Critical

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

Metastasis known
to be an inefficient
process (0.01%)

CENTER for
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From the Clinician’s Perspective,
Metastasis Is More of a Binary Event
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Distant metastasis (M)§

MO No distant metastasis

M1 Distant metastasis

Adapted from and courtesy of Jacob Scott, M.D., Moffitt PS-OC



Finding Rare Events:
Circulating Tumor Cells from Blood on Glass Slides

~3 Million Cells
9216 images/slides
25GB/slide

4 slides/test

200 TB of data/year

Courtesy of Peter Kuhn (TSRI)



Scripps PSOC Clinical Studies

LUNG

SKIN:
PSOCO0056 (Pacific Oncology .
and Hematology) Skl n
PSOC0061 ,.,
(Nevada Cancer Center) =1

PSOCO0043 (UCSD, Billings)
PSOCO0044 (Scripps Clinic, UCSD, Billings)
PSOC0046 (UCSD)
PSOC0047 (NKI, UCSD,
PSOCO0048 (NKI, Amsterdam)
PSOC0049 (Stanford, USC)
PSOC0064 (UCSD)
PSOC0065 (UCSD)

LIVER:

* PSOCO0050 (Scripps Green
Hospital, Scripps Clinic)

» PSOCO0055 (UCSF,
Northwestern University)

PROSWHE
PSOCO0045 (Scripps Clinic:
Anderson Outpatient Pavillion,
Carmel Valley, Rancho Bernardo,
Torrey Pines Science Park)

S
JHean

BREAST

PSOCO0045 (Scripps Clinic: Anderson Outpatient
Pavillion, Carmel Valley, Rancho Bernardo, Torrey Pines
Science Park)

PSOCO0053 (Duke University)

PSOCO0060 (Scripps Health)

PSOCO0062 (Scripps Clinic: Anderson Outpatient Pavillion,
Carmel Valley, Rancho Bernardo, Torrey Pines Science
Park)

HEART:

« PSOCO0057
(Scripps Health)

S PSOC

PANCREAS:
e PSOCO0045 (Scripps Clinic: Anderson Outpatient

Pancreas

Colon

Pavillion, Carmel Valley, Rancho Bernardo, Torrey
Pines Science Park)

e PSOC0054 (UCSF)

e PSOCO0059 (Scripps Green Hospital)
PSOCO0060 (Scripps Health)

!).
Reproductive
Qregans

* PSOCO0051 (USC)

« PSOCO0058 (usC)

« PSOCO0060 (Scripps Health)
 PSOCO0063 (NorthShore)

Courtesy of Peter Kuhn (TSRI)

-/

i.L———————~——‘—-.

COLON:
* PSOCO0066 (Scripps Clinic)

OVARIAN:

PSOCO0052 (Scripps Memorial
Hospital, South Coast Gynecologic
Oncology)




PS-OC Model:

Pl Driven Interactions

Inside/Outside of Network/Center

(~110)

$50K /yr l
Trans-Network \
(Admin Unit)

PS-OC #1

Organizing Framework

COI‘e Core Project Pro]ect Qutreach and
Dissemination
Unit

Education
and Trans-Network
Training Unit (Admin Unit) /
$100K/yr
(Designed by Center, ~60)
Trainee Trans-Network
Exchanges Projects

Education
and

Training Unit

Organizing Framework

Outreach and
Dissemination
Unit

PS-OC #2

~

Outreach
Pilots

~$1.2M/yr
[$100K/center]

(Designed by Network, 13)

Outreach
Pilots

/ $50K /yr
j (Designed by Center, ~26)

/@, CENTER 4
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External
Research
Communities

~ "%

<y

fﬁm
= fi




Transition and Spread of Future

“Physical Science-Oncologists”

Fall 2009

PS-OC Network

@+, CENTER for
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Total # Tests Evaluated
800 800

450

100 150 160™

2008 2009 2010 2011 2012 2013

PHYSICAL SCIENCES —
inONCOLOGY

Global clinical sites: 26

Patients samples: 5,000 ® -

vV V V V

Observational studies: 19

Courtesy of Peter Kuhn (TSRI)

®www.epicsciences.com

Patients enrolled: 2,000 ® Epic Sciences has 40 collaborative projects

10 major Pharma partners including
(Genentech, Pfizer, and Celgene)

Over ~2,500 patients on clinical studies or
clinical trials

édsme ) Abbott Genentech

Committed to improving A Mer
The s of patients weviwioe™


http://physics.cancer.gov/default.asp

Then...(2002)
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Drew Sheneman, The Star-Ledger, Newark, NJ



Now...(2012)

Moore’s Law of Analysts? RS
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Josh Kom™, CmpMerm * Stefano Mont/™, Hi
Parkin®™, Nichael Reich'™, Nicglas Stransky™, Barbara A. W
Garraweay™ 7, Todd Golub™ :
School/Dana-Farber Cancer m& Lyncla Chi™ 7, Alexel Protopopov’™,
Jiarhua Zhang™, llars Perma’®, Sandy Aromon™ Nmm. Sathiemoortiny ™,
Geongia Ren’™ . Jun Yao™, W. Ruprech Wisdemeyer ™, Hyunaco Kim™, Sek Won
Kong™ =, Yonghong Xiac™, Isasc 5. Kohane "=, Jon Seidman?®, Peter |

Park 7747 Rajys Kucherlan i”® Johna Hoplkins/University of Southern Calfornia
Peter W Laind ™, Leslie Cope™, lames G, Herman™, Daniel | Wesenberger', Fei
Pan", Danad Van Den Berg ™. Leander Van Neste™, Joo Mi ¥i*", Kornel £, Schuebel ™
Stephen & Sayin™; ty M. Absher™
Jun Z.15™, Audrey Southwick ™. Shannon Brady’”, Amita Aggarwal ¥, Tisha Chung™
Gavin Sherock™, lames D, Brocks™. Richard M. Myers™; Lawrence Berkeley
National Laboratary Faul T. Speliman™, Bizabeth Purdom ™, Lakshmi &, lakkula™,
Anna V. Lapuk™, Herry Mar™, Shannan Damon™, Yoo Gi Chai™, Ju Har™®, Ameita
Ray™, Victaria Wang, SteHen Durinck™, Mark Robinson™, Nicholas |, Wong"®,
Karen Veanizan® Viian Peng®! Eric Van Nanw®!, Gerald V. Fortenay™, John Ngai®,
Jobn G. Conbay™, Bshram Parvin™, Hedl S Faler™ Terence P Speed ***' Jos W
Gray™'; Memarial Sloan-Kettering Cancer Center Cameron Brennan™’, ichokas [
Secci™, Adam Olshen™, Barry . Tayfor™ ", Alex Lash™, Nikolsus Schultz™, Boris
Reva™, Yevgeniy Antipin™, Nvlﬂ' Stubaloy™, Benjamin Gross®*, Ethan Cerami*?,
Wei Qg Wang ", Li-Huan Qin"", Venkatraman E. Seshan™, Likana Villafaria ™,
Magali Caators™, Lastitia Boru®®, Agnes viale®, William Gerald 8, Chris Sander®?,
Marc Ladanyi*®. University of Mosth Carolina, Chaped Hill Charles M Perou®®58 0
Neil Hapes®, Michael D. Topal®®5? Katherine A Hoadley™, Yuan O, Sal Balu™, Yan
5he™, Jumpuan Wu™

Comprehensive genomic characterization
defines human glioblastoma genes and
core pathways

The Cancer Genome Atlas Research Network®

2008

~150

Cancer genome characlerizat d Insttute/Dana-Farber Cancer
Istute ) M.-,nm.““‘“ W wmu..“ 6 Bekr™ R G W Verbih ™0 1
Caner™*7 . H Memme®™7 G Satsena™ H Ngwyen® R C. Onofro™ M.S.
Lowrence™, D.Hubbord 47§ Gupt™® A Crrehaw™, A H Ramos 578
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