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Precision medicine

PRECISION MEDICINE

The NEW ENGLAND JOURNAL 'o_.f MEDICINE

A New Initiative on Precision Medicine
Francis S. Collins, M.D., Ph.D., and Harold Varmus, M.D.
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C("l ‘onight, 'm launching a new Precision Medicine
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kK Obama. State of the Union Address. January 20. 2015
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Disease classification

Towards Precision Medicine and a Molecular Taxonomic '1’1‘&-&&
Classification of Disease ;
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Research strategy
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A Precision Medicine Research Strategy
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Worldwide cancers
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Major Worldwide Lethal Types of Human Cancer

CANCER TYPE (%) MORTALITY

LUNG (19.4%)

LIVER (9.1%)

COLORECTAL (8.5%)

BREAST (6.0%)

ESOPHAGUS (4.9%)
PANCREAS (4.0%)

PROSTATE (3.3%)

TOTAL (55.1%) |
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GLOBOCAN 2012: 8.2 million Cancer Deaths
www.cancerresearchuk.org

NUMBER OF
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Lung cancer

Precision Medicine: LUNG CANCER

Report of the Surgeon General, 2014 Cancer Statistics (ACS), 2014
Fremature deaths caused by smoking and exposura Lung & Bronchus
to sacondhand smoke, 1965-2014
LB
Cause of death Total __E__ ]
Smoking-related cancers 6,587,000 ﬁ. 1
Cardiovascular and metabolic diseases FRL TR & Yoo
=
Pulmonary diseases 3,504, 00 = ,M.H;E_—\'\\
- M o
Conditions related to pregnancy and birth 108,000 g
Residential fires 86, 00H) i - /"—___“
Lung cancers caused by exposure Lo 263, 00 E 2%
secondhand smoke = Female
Coronary hearl disease caused by exposure to 2,194,000 ¢ > H T 1 - x s =
secondhand smoke 3 . ." = i g i i
po o Year of Diagnosis
Sopurcer Centers for Disease Control and Prevention, Mational Sieaal ,
Center for Chronic Discase Prevention and Health Promation, P 8181, G CaReer J Gain, 84: 934, 2014
Office on Smoking and Health, unpublished data.
Repaort of Surgeen Goneral, Executive Summary, 2014
m MATIOMAL CANCER INSTITUTE FUTLH
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Male smoking deaths

PROPORTION OF ALL-CAUSE DEATHS ATTRIBUTABLE TO
SMOKING TOBACCO USE AMONG MALES OF ALL AGES IN 2019

Proportion of all-cause deaths (%)
Bl o <5

B Sw <10

£ w01t <15

S 150 <20

12010 <28

Bl 2510 <29

M 3010 <35

Thelance 2021 397 2337-235000 |1 (10101601 40-57 35 21)011697)
Copaghi © 2ty The tadcnd . Patild oy b Fuealirle. P L ir Cpwr X anidesrar do OC
RBY v & ke lani i loasdicad
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Smoke exposure

“EXPOSURE TO SECONDHAND OR ‘ENVIRONMENTAL
TOBACCO SMOKE IS CARCINOGENIC TO HUMANS”
(Host Factors in Human Carcinogenesis, IARC MONOGRAPH 183)

Some men have constitutions
that are like wooded mountains
running with springs, others
like those with poor soil and
little water, still others like land
rich in pastures and marshes,

4 and yet others like the bare,
dry earth of the plain.

: Hippocrates
RN PPt ....?’@mr__,& i "’3.\!..?" Airs, Waters, Places
-~ " AV:. “:-l‘ .‘ .\\
CCO e o «.,')/’A \*\(*\ ., “‘“-‘ t"(
E"’:v; Y TR ke, Rrepors . 792» o,

Hirayama, T., Cape Sunion,Greece,1981
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Never smokers
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Molecular Epidemiology of Lung Cancer

in Never Smokers

Hypothesis:

* Childhood exposure to second-hand smoke
and genetic alterations in innate immunity
increase lung cancer risk in never smoking
adults

Conclusions:

* Parental secondhand smoke exposure
during childhood is associated with dose-
dependent increased lung cancer risk among
never smokers in two cohorts.

* Especially among those with an MBL-2
haplotype with a hyperactive innate
immune system

* Early age of onset of lung cancer

m MATIOMAL CARCER INSTITUTE

o
Susan Olivo-Marston

Cancer Epi Bio Prev.,
18: 3375-83, 2009

Collaboration with Jen Jin
and Ping Yang, Mayo Clinic
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Exposome

A Precision Medicine Research Strategy

> INFORMATION COMMONS I«
/ - ~——— — EXpOIOMNO \
- - - w— CROYOING

— Metabolome
e —— EDlQeNnCene

i —————r —  Transcriplome

—— had -/ — MR ODROMe 2
Informed Cnlcal laformation Observational
clinical studies

mechanistic studies \ — —  Epidemictogical c.m/

KNOWLEDGE NETWORK |

a4
Target New Molecular Taxonomic Classification of
"““’”‘“’“ Individual Patients

D e mm — > B>

8‘°m°d'°a' Prevention Research Clmlcal
Research Medicine

Modified: “Toward Precision Medicine: Buliding a Knowledge
Blomedical Research and a New Taxonceny of OOmn (Nasional Romrch

@) NATIONAL CANCER INSTITUTE  Council 2011) $921CH




P53
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Exposome': p53 Tumor Suppressor is at the Crossroads of the Exposome and

/r External I

Environment

gl

*Tobacco Smoke
sInfections

*Diet

*Food Toxins

(a3}
N *Obesity

\._*Radiation Vi

Cancer Genome?

Internal A
Environment

«Chronic
Inflammation

v

v

TExposome colmed by,
Chrie Wild, Int J Epbdarn., 41: 24, 2005

IZehotter, A J.. and Harris, ©, C.,
PHAS 109: 7955, 2012
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Risk and Prognosis
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Chronic inflammation and infection

Chronic Inflammation and Infection |/@
. | 14
Can Increase Cancer Risk &=
Inherited > Acquired Acquired > Inherited
Disease Tumor Site Disease Agent Tumor Site
Hemochromatosls Liver Viral
Crohn's Disease Colon Hepatitis B Liver
Ulcerative Colltis Colon Hepatitis C Liver
Famlllal Pancreatitls Pancreas
Bactorlal
Hellcobacter Pylorl Gastric
Global Impact PID Ry
= 2 million human cancers per Parasitic
year are related to infection S. hematoblum Urinary Bladder S.
|aponlcum Colon
= Other causes of inflammation Liver Fluke Liver

are associated with many more
cancers per year (2.g9. smoking

& million cancers!year} Chemlical, Physlcal, and Metabolle

Examples
Acld reflux Esophagus
Obeslity Multiple sites & Liver
smoking Multiple sites

World Cancar Report, |IARC, WHO, 2014

LY H
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Obesity is a chronic inflammatory disease

Obesity is a Chronic Inflammatory Disease

= Weisbwrg et 3] Oy © aSScated with Ma3crophaadgr: accumubation in 33 pose tizsws. J. Clin. Imest 112: 17361303,
X1403.

=~ Xu=tal. Cheonic inflammaton infat plyvs 3 crocal Sk inthe d2ve iCpment Of SE=site-mBEd i ulin mesistEec:. J.
Clin. It 112: 1821-1330, 2003.

= Miamins, T,=tal A crucial role r adipose tswe 53 in the mguBtion of i ulin msistance. Nature Med, 15: 1032-
g7, X144

= Tehkoney T 2tal, FAatteses, 3ging, and G llubr semscence. Aging O=1l, 9: 8937-39, 2014.

FFA Adiponectin
/
t’-. —> C3—> T
@ _ |
Cytokines Leptin

Senescence-associnted secretory Phenotype
({IL-G, IL-8, TGF., GM.CSF, eto.)

Others
Triglyceride overioad ) Activation and infiltration 3 Feedback loops
Of macrophages

IS NATIONAL CANCER INSTITUTE PPLAC



Cytokines

Increased Expression of Serum FPro-Inflammatory =

Cytokines is Associated with '-'\@"
Lung Cancer Risk, Diagnosis and Survival
Increased Risk Diagnosis FPoor Survival

4 iL5.4cRP (EA) 1‘|L-s f IL-6 (AA, EA) tLses (AA, EA),"‘MBL-Z (EA)
IL-1B & IL-10 {AA) 4 TNF(EA), % 1L-10 & IL12 (AA)

JNCI 103: 1112, 2011 JNCI103: 1112, 2011 CEBP: 215, 2010
J. Thoracic Oncol, 1454, 2014 NCI 99: 1401, 2007
Health Disparity: J. Thoracic Dncol, 1454, 2014
EA, European-American CEBP: 488, 2016

AR, African-American
Collaboration: Ann Schwartz
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Genome
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Precision Medicine
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NSCLC evolution

Knowledge of Non-Small-Cell Lung Cancer
has Evolved Substantially in Recent Decades

_ 1987 2004
BaFR Hone
KRAS None 20.0%
25.1%
Traditional View KRAS 15.3%
T4.5% 64, T%
Smal Call
2000
2014~
Ry
ASNSLAFCINMMY  — LT e c.--.if_hpmn
0.7 am | em
tl.l ™, MTAS ming, M
-'-.ﬂs.-.'ni\ e
TR .
LT s
ERBET 1 Py ! LR
MET pard | A%
| TS
k! Hi%
A
. EGFE
mﬁ MATICHAL CARNCER INSTITUTE “The Cancer Genoma AHEE Motwsik, Nahuwis, 3594 paTacH
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Chemical agents
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Examples of Chemical Agents Causing Cancer

Human Exposura Structure of Disoaso
Carcinegen
A
ﬂ E:[E? ﬁ- Scrotal cancer
Denzca]pyrene (Bal)
o
B

ﬁ = o BeH, d Livei Samser

’ _— maiont >
Faormaleiydo —
q ) q Lung and many
Clgarattes s jSld\m oilser CANCEHS
Aselabiaboyde MR

CH,=CH-CH=CH,
L1 M Butadiens

AACE Conponniol Leviey Camsitr Retravch

naniosaL cancerinstirure | Loeb, L. and Harris, C.C_, Cancer Res, 68: 6863-6872, 2008

LM
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Three decades

Three Decades(1970s, 1990s and 2010s) of Examples of
Initial Seminal Advances in Exposure of Environmental Carcinogens
Being Molecularly Linked to Mutagenesis

= Development of a Rapid Mutagenicity Testing of Chemical Carcinogens and Metabolic Activation
of Chemical Carcinogens
« McCannJ...... Ames BN; Detection of Carcinogens as Mutagens in the
Salmonella/Microsome Test: Assay of 300 Chemicals. PN.A.S 72:5135-39, 1975
» Heidelberger, C. Chemical Carcinogenesis, Annual Rev Biochemistry 44:79-121, 1975
« Harris CC et al.,, Human Bronchus-Mediated Mutagenesis of Mammalian Cells by
Carcinogenic Polynuclear Aromatic Hydrocarbons. PNAS 75:2003-7, 1978.

* Discovery of TP53 Mutations Linked to Environmental Carcinogen Exposure

- HsulC...... Harris CC. p53 Mutational Hotspot in Hepatocellular Carcinoma from Qidong,
China. Nature 350: 427-8, 1991
- BressacB...... Ozturk M. Selective G to T mutations of p53 gene in Hepatocellular

Carcinoma from Southern Africa. Nature 350:429-31, 1991.
» Holstein M, Sidransky D, Vogelstein B and Harris CC: p53 Mutations in Human
Cancer. Science 253: 49-53, 1991

=« Computational Analysis of Genome-Wide DNA Sequencing Data Identifies
Exogenous and Endogenous Induced Mutations including those Caused
by Chemical and Physical Carcinogens, Inflammation, DNA Repair Defects
and Aging
« Alexandrov LB....... Stratton MR. Signatures of Mutational Processes in
Human Cancer. Nature 500:415-421, 2013

m) NATIONAL CANCER INSTITUTE



TP53 mutations
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Exposome: Examples of Chemical and Physical Agents
Causing Cancer and related TP53 Mutations
in Human Cancer

Base substitution Distinctive
Carcinogen/ In Vitro
(exposure) Target organ IARC database HumanCell Assays Hotspots (codons)
Aflatoxin B1 Liver GtoT GtoT 249 (3 base)
(dietary contam.)
PAH (B[a]P) Lung G to T with Gto Twith 157,158, 273
(smoking) Strand bias Strand bias
UV radiation Skin CCtoTT CCtoTT 248, 278

(sunlight)

Aristolochic Acid Urothelium A to T with AtoTwith 131, 209, (280)
(dietary contam.) Strand bias Strand bias

Hsuw, I.C.....Harris, C.C., Nature, 350: 427-42§, 1991

Bressac, B......Ozturk, M., Nature, 350: 429-430, 1981

Hollstein, M., Sidransky, D., Vogelstien, B., and Harris, €.C., Harris, Science, 253; 49-53,1991
Gregnblatt, M...... Harrig, C.C,, Cancer Res., 54: 4855-78, 1994

L] - L] L]

m} HATHOMAL CARNCER INSTITUTE BATTCH
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TP53 mutations

TP53 is the Gene most frequently Mutated in Cancer

p TPS53
Wild type as tumor suppressor
4 Mutant types
VT Loss of function as tumor suppressor
100% Gain of function as an oncogene

100%

Genes most frequently mutated in various types of cancer in the TCGA Pan-Cancer study. - .
Data were generated by analysis of the mutations released by Kandoth et al. Nature 2013, Soussi & Wiman, 2015
D) nanionaL cancer insTITUTE

NATIONAL CANCER INSTITUTE
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TP53 functions

TP53 and its Functions Affect Multiple Layers of “-OMICS” T B
Data in the Precision Medicine Paradigm =

Cigarette smoke
Aflatoxin B1

Inflammation

NATIONAL CANCER INSTITUTE Robles, Al, .. Harris, C.C,, Cold Spring Harb Perspect Med: 10.1101, 2016 9026.CH



Three decades

Three Decades(1970s, 1990s and 2010s) of Examples of
Initial Seminal Advances in Exposure of Environmental Carcinogens
Being Molecularly Linked to Mutagenesis

« Development of a Rapid Mutagenicity Testing of Chemical Carcinogens and Metabolic Activation
of Chemical Carcinogens
*« McCannJ...... Ames BN; Detection of Carcinogens as Mutagens in the
Salmonella/Microsome Test: Assay of 300 Chemicals. P.N.A.S 72:5135-39, 1975
» Heidelberger, C. Chemical Carcinogenesis, Annual Rev Biochemistry 44:79-121, 1975
*« Harris CC et al.,, Human Bronchus-Mediated Mutagenesis of Mammalian Cells by
Carcinogenic Polynuclear Aromatic Hydrocarbons. PNAS 75:2003-7, 1978.

» Discovery of TP53 Mutations Linked to Environmental Carcinogen Exposure

.. HEW G civsa Harris CC. p53 Mutational Hotspot in Hepatocellular Carcinoma from Qidong,
China. Nature 350: 427-8, 1991
- BressacB...... Ozturk M. Selective G to T mutations of p53 gene in Hepatocellular

Carcinoma from Southern Africa. Nature 350:429-31, 1991.
» Holstein M, Sidransky D, Vogelstein B and Harris CC: p53 Mutations in Human
Cancer. Science 253: 49-53, 1991

« Computational Analysis of Genome-Wide DNA Sequencing Data Identifies
Exogenous and Endogenous Induced Mutations including those Caused
by Chemical and Physical Carcinogens, Inflammation, DNA Repair Defects
and Aging
» Alexandrov LB....... Stratton MR. Signatures of Mutational Processes in
Human Cancer. Nature 500:415-421, 2013
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Somatic mutations

The Prevalence of Somatic Mutations Across Human
Cancer Types

Assochation
X :ui“u-“'“'“
. .... . wrw
‘_q_....m_..lw.~..._m~§£.u~:]
a6 BACA LT eetatians
nw Somabing
® e D e
® o [ T T ——
(=] SN OV
a 200
o< 0% g pene Myparmatation
@ o5 rOumeses
) PP SE——
@ @
IIN AROKC
(=] o o
@ : b
Signatere 17 @D [==] (=] @@ @ 1
Sipratwre '8 @D ' ' ' D 23%
Sapmatnre 20 @D [e=) X2
wn. [xe] o
@D rsonst vgrstere prevent ([ Toral vatdened mutstonsl vigratures i 8 concer type () Total cancer typen in which & vipmature in sperstive

L) NATIONAL CANCER INSTITUTE Alexandrov, L.B., et al., Nature, 500(7463): 1.16, 2013 9731.Co8



Carcinogens fingerprint

A Carcinogen’s Fingerprint in Human Lung Cancer
DNA Can be Reproduced in Experimental Systems:
Benzo(a)pyrene

C>A(1189) C>G(472) C>T (868) T>A(278) T>C(209) T>G(82)

s -
] " I l | Smokers lung ADCA n=10
) "l. '||I||| 'I .......'.'.'I'. .‘l.'.l'.l'. |II 'R R .'|...'..l.o .-.-.......‘.... |
A C o T A c o c o Y A C o Y A c o 4 A Cc o 14 24 ra. e
ACOTACOTACOTACOTY ACOTACOTACOTACOY ACOTACOTACOTACOY ACOTACOTACAOTACOY ACOTACOTACATACAOT ACOTACOTACATACOY NT T
CrA(1428) C>G(606) C>T (453) T>A(294) T>C(316) HG(272)

Hupki MEF B[a]P n=3
]I" IIII'“"'" l.lolllul'lll.l l.l lllllollllll ..n..lll..l.. .. ..|..l|l T |

A C O C o L o 1 4
ACO'ACOYACOYACOY ACOYAOOYACOTACOY ACOYACOTACOYACOY ACOYACO'ACOYACOY ACOYACOYACOYACOY ACOY ACOTACOTACOTY NT T
CrA(338) CHG(78) C>T(49) T>A(6) TH»C(6) HG(S)

'3 —~
I | HMEC B[a)P n=
2 .".I 'l‘l'.l '. 00 o0000e8c00re covcald coloccees - - l
A C o 4 A C o 4 A c o A C O Y K C o h 4 Ky c o 4 S —

ACOTACOTACOTACOTY ACOTACOTACOTACOT ACOTACOTACOTACOT ACOTACOTACOTACOTY ACOTACOTACOTACOT ACOTACOTACOTACOT NT T

m NATIONAL CANCER INSTITUTE Hollstein, M., et al., Oncogene, 36: 158-167, 2017 0508-CH



Patient prognosis

m NATIONAL CANCER INSTITUTE

Gain of Function(GOF) TP53 Mutations are Associated
with Poor Prognosis of Lung Cancer Patients

100+
_ 754
(1]
=
g
5 _ P=0.005
g 504 ]F‘= 0.04 P=0.03
g —— other MISSENSE (n=81)
s8d == TP53LOF (n=64)
= TP53WT (n=159)
— TP53 GOF (n=39)
Q T ] ]
Months

MR oraaiommers: 1.8: Cl, 1.0-3.0; P=0.034
Adjusted for patient age, race, sex, and smoking history, and tumor histology, and stage.
Dataset of 352 surgical cases of NSCLC analyzed by TP53 capture sequencing

(D) reamosar cancermsmure Robles A and Harris CC, NCI-MD Case Control Study
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Transcriptome
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Precision Medicine

INFORMATION COMMONS
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MicroRNA

MicroRNA and Cancer

* MicroRNA

* Small non-coding RNAs that are
evolutionarily conserved and regulate
gene expression. r

* Protein output of hundreds of genes Victor Ambros
are repressed by each microRNA
destabilizing mRNA and to a lesser
extent inhibiting translation of mRNA.

* Human Cancer

* MicroRNAs are differentially expressed in human
cancers.

* MicroRNAs can predict risk, diagnosis, prognosis
and therapeutic outcome.

Carlo Croce
m} HATHIMAL CARNCER INSTITUTE JER0CH
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MmicroRNA mechanisms
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Different Mechanisms of Action
of Mature microRNAs

rrrrrr}'rn- mature miRNA

A

o

TﬂI'HI-IlHn'II

- B C

=

e

miﬂ-ﬂ

Translation Repression rY nm.:: :humlnll
® —
miRNA
- .Umnm'. mANA Increased granulocytic IL-6

mRNA cleavage differentiation TNF-a

Inflammation

E} MATIOMAL CANCER INSTITUTE Fabbri, M., of al,, BNA Biclogy, 10:2, 189174, 2013 BOGG-CH
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Hypothesis

Hypothesis: MicroRNAs are Associated
with Lung Cancer Diagnosis and Prognosis

* miRNAs profiles were significantly
different both between primary lung
cancers and corresponding non-
cancerous lung tissues and among
different histological types of lung cancer. |

® |[ncreased mir-21, mir-155 and mir-106b,
and decreased let-7 were each associated
with diagnosis and prognosis including

stage 1 lung cancer. Nozumu Yanaihara
let-T: confirmed studies by Takahashi and Slack Yanaihara et al., Cancer Cell,
9:189, 2006
m MATHIMAL CANCER INSTITUTE ANTICH

m NATIONAL CANCER INSTITUTE
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Increased miR-21 expression

Increased miR-21 Expression in Human Lung Cancer
is Associated with Poor Prognosis in Three Cohorts

Maryland cohort Norway Cohort Japan Cohort
2 = Highmiti Z = Highmit-21 - = fighmitl —h
5 1w = Low miR-H1 g - = Low miR-H ‘E 3
] Fa R 1 ;
i Z B E, "S\ I Ve |
i (] E ] E Motonobu Saito
]
£ u i &
T 20{ne89 T om %
oglpetns A o §
g 0 o @ ®w # g 0 B @ ¥ w 4
Mionths Monds Bonihs
e it risk No. 3t risk Ko at risk - ;
Hgh# 2% ® W & Wigh 18 1 5§ 3 1 Hgh 88 ™ 4 2 6 |NozumuYanaihara
bew &5 3 & 13 1 lew 19 14 13 1% 4 lew 3 3 ®W & 1

Yanaihara et al. Cancer Cell 9:189, 2006
Saito et al. Clinical Cancer Res 17:1875, 2011

mi HATIOMAL CARCER INSTITUTE 5815-2H
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miR-21

Examples of the Mechanistic Underpinning

of miR-27 in Human Cancer
| PDCD4

Gene Amplification 41
Deg.::;::: T MASPIN \/|| Tumor Growth,
Transcriptional —» miR-21 (SERPINBS) | Invasion and

: Metastasis
Silencing /
RHOB
EGFR = S
Ml e Metalloproteinases
IL-6 RECK _—1 (e.g., MMP-2 and -9)

IL-17 STAT3 Focal Adhesion
IFN ; CIEN Kinase (FAK)
Genotoxic stress

(H,O, or ionizing
radiation)

Anchorage

el Independent Growth

v
TLRB\ SPROUTY2 —{Migration
Mismatch DNA Repair

Inflammation Cachexia MSH2

Seike ....Harris, PNAS 106: 12085-90, 2009
Schetter and Harris, Carcinogenesis 31: 3749, 2010
Fabbri and Croce, RNA Biology 10: 169-174, 2013

() NATIONAL CANCER INSTITUTE  He and Croce, PNAS 111: 4525.29, 2014 2 a Tt



MiRNAs

MiIRNAs are Secreted by Cancer Cells in Exosomes
and can Reach and Bind TLRS8 Receptors inthe Endosomes
of Surrounding Immune and Muscle Cells

Fabbri, M., ctal., PNAS, 10931): C2110-C2116, 2012
N\"":: NATIONAL CANCER INSTITUTE Hc. wA..ctﬂl.. PNA.S. 111: ‘525-9. 2314




4-gene classifier

m NATIONAL CANCER INSTITUTE

The Performance of the 4-gene Classifier
(Increased XPO1, BRCA1and HIF1a and Decreased DLC1)
in 12 Independent Cohorts of Stage | ADC

5 original cohorts of stage | adenocarcinoma

4-gene
W—' L Japan (n=143) I.IEFI"MW (n=67)} Directors (n=276) Bhattacharajee (n=78) Tomida (n=79)
] - s
—towestwrie] 1| | 1]\ S
Middle tertile I“::-"..‘- J _....,:..- 152 - H:E.'-_"L:
= Highesttertile, ¢ P<0.001 P<0.001" | P=0.036 " P=0.008
QRT-PCR QRT-PCR Affymetric L1334 Affymotrix USSA " Agitnt 44K
Japan UMD, Homwsy BASH HLM,CAMNTDF UM Harsard JEpan
= Akagl, I, Okayama, H ot al, Cancor Ros T3:3821-32, 2013
7 new cohorts of stage | adenocarcinoma
Tang (n=87) Rousseaux (n=81) Botling (n=70) Wilkerson (n=62) Matsuyama (n=52) Lee (n=36)  Bild |n-3d:|

';P—ﬂl:ld-d |P=0.0s8_ ° |P=0.014  ° |P=0.028 1 |BZ0.010 |P-n:-1zu

Buming WGE V3 A.rr,mmumﬂ Affymetrie U133+2 nnwmm:mm Agitent 21,6K custom ﬁwwmﬂ-e Attymetsix 013342

(GEEL212T) (GSEIGITA) (GEREITTLE) (GEEIERT) (GSETT69 (FRERERH) (GREITHA)
MD Anderson, 2013 France, 2013 Swoeden, 2013 UsC, 2002 Japan, 2011 Sowuth Blorea, 2008 Ciulke, 200&
[ mamiosar cances msture = Okayama. H, Schetter, A .. Harris CC Cancor Epl Prev Blomarker 23:2084.94, 2014, PHILH
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Meta-Analysis

Meta-Analysis of the 4-gene Classifier (4« XPO1, BRCA1,
HIF1a, ¥ DLC1) in 12 Independent Cohorts of Stage | ADC

- 883 Stage | Patients - Combined models included 9 datasets (n=817) with overall survival
information
Stage |
Cohorts HR (B5% CI)  SWeight
4-gene in Stage IA o ’
Relapse-fron survival
3 Japan {149 — 2.19{1.35, 3.58)
" Les (38) . 248(1.18,5.20)
& "lp<0.0001 Cancer-spocific survival
= Low (n=161) &Y —_— 271 (161,455
E s == WM [n=144) UEomway (57) ‘ ]
& | = High (n=120) Orwprall survhval o
N -1 - " Diroctons (276) ——— 169(126.226) 3015
Months Bashacheien (T6) T TE(102. 253 1248
Tomida (75 —_—— 218(120.397) 708
. Boting (70) ——— 150(068.228) 14M
4-gene in Stage IB Tang (87) — 194(099.378) 566
'am - Rioussoau (1) i 181 (100, 2585 1148
i e Matsuyama (52) . 223(106.870) 456
2 " p < 0.0001 Wikerson (62) — 157(1.13,344) 821
5 e Low fn=138) B [34) e f— 1ES(0AT. 316 &N
S sl = Mid [nm 146) Sublotad (817) < LTI(1AT,200) 10000
§ L= HWahn=iTh, ([ Tisguared = 00% 5 <0880 :
] ] I ] I
Month
o 2 5 1 2 5 10
Okayama H, Schotter A ... Harrls CC Cancer Epidomicl Blomarkers Prev 23:2884-94, 2014
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Mechanistic
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cancer biomarkers

Mechanistic Cancer Biomarkers:
Proof of Principle in Lung Adenocarcinoma

+ Hypothesis: The combination of
protein-coding genes that are
mechanistically related to lung
Adenocarcinoma and the non-coding
mir-21 is a better prognostic classifier @ I

than either alone

Hrrn l:}kayama

Ichiro Akagi

Akagi et al, Cancer Res. 73: 3821-32, 2013

m} MHATIOMAL CANCER INSTITUTE
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miR-21 and 4 coding genes

Hypothesis: The Combination of miR-21 and Four Coding Genes
(Increased XPO1, BRCA1 and HIF1a and Decreased DLC1) Predicts
Prognosis of Stage | Lung Adenocarcinoma

Japan (Stage IA > IB) US/Norway (Stage IB = |A)
L & Hﬂh, I'l-?‘ [ = H'n:hr fF?" L8] [ =
2 d-gene : miR-21 :14-9&:1& 34 : miR-21 34
) P=0.001 P=0.011 L P=0.004 e P=0.017 e
Combined Combined
(4-gene + miR-21) (4-gene + miR-21)
Bl g 10
2 - Il].433| %
E “ |0.002| P=0-0007 5w 0.056
.:,.- » g ! P<0.0001
= == Both low (42) ¥ |~ Bothlow (18) 0.021
§ n{ = Either High (58) & 0= Either High (34)
Tl Bohigh(i). § ol=Bothhigh(in)
[: o] &0 £ i ] &0 7]
Nonths Foniths
n=142 n=69
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Non-coding RNA
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Principle: The Combination of Protein Coding and Non-
Coding Gene Expression is a more Robust Prognostic
Classifier of Early Stage Cancer

Non-Coding | ;;

RNA .1- » B oW

Both RMNAs _

Give
Agreement

Misclassified
Using single RNAs

m} HATHIMAL CARNCER INSTITUTE

—
M ¢ Coding
RMNA
1
[-F ]

(1]

o4

ol

J Low Risk for Bath
High Risk for Eithar
i High Risk for Both

T

] ko & L] 0

Improved Predictions from
combined RNAs
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Epigenome
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DNA methylation

EPIGENOME: DNA METHYLATION

« HYPOTHESIS: An integrated
biomarker classifier of stage | lung
adenocarcinoma based on
independent mRNA, microRNA and
DNA methylation biomarkers, will
further improve the prognostic
classification

Ana Robles

Robles a et al., J. Thoracic Oncology 10: 1037-48, 2015

n} MHATIONAL CARCER INSTITUTE BLANACH
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Prognostic epigenetic signature

DNA Methylation in NSCLC is a Prognostic

Epigenetic Signature

A Prognostic DNA Methylation Signature for Stage |

Mon=5mall-Cell Lung Cancer

Juman Simalpwal, foa Mvmder-{opiadsr Fre? Nadal, Grassin (R, F, Firapr Ciiressead, Sivgn Siyels
Srbutic Mforan, Mlalier Fom, Maped Vraoss, Antamis (rpemrs, Slonte Saniiets- Cogvidnd, Vatirs Aisemer,
Frelsirm Afollor, Chrispopd Bk, Miputf Tares, fosrfing Mova, Luia A Mewcareils, Trica ol Liloplas,
kol Db, Marisg Pollan, Mana | Pajecs Wenonsles Toree Luts AR Alosnampa. §oabrl Bamballa
Fodow I oo, [l Baar, Mlaryir [ o Jarowmn, Comangms 1 FIWJLWMIMMTF B,

dveal Alasdd Fabc il
(J Chn Oncod 5013 31(32)4140-T).
Harard Aatha for Recurranca (358% 1)
e Iethylatlon
Signatures Digcovery Cohort (850K arrayl Vatidatian Cohort ipyrosequoncing
R b N |
Ghoup | Pabal frags atags 4 P 735 129 o438 X
' HA Tl
MES Tl R —_—— - ] 1295 b5 4 0 1 ——— AR LD e TAF
PR —— Lo 1LE3 ol #3 b —— PEE 15D LED
AFETE :—n— +14 1188 XEF : . S— N L MEeRM
ALK e TG 10840 157 e P I R R
L]
REAS —— e 1,1 & F , —— 00 VO%en 1S
0l i = Py P gl ] Geberid f—— LK o 34T P m——t— 1M ifies i
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Survival curve

An Increasing Combined Score of Mechanistic Biomarkers Conferred
Greater Risk for Poor Outcome in Stage 1 Lung Adenocarcinoma, and
Within Stage 1A/1B Subgroup Analysis

Stage 1 Stage 1A Stage 1B
1” & el -|1 1:.: - -n. P |.. ||..1 - |u.:. i 4 i
£ £ £
= A = i = i
£ 2 2
E £ o £ o
L] o w
] Lol
£ £ . £ w
8 -1
2| —omm 2 | —opmm 2| —opsy
& 3 = 1[n=36) £ 1 — 1(n=d) £ p{ — 1(n=h} |
E" — 2 [n=28) i E"': = 3=k E-": = 2 [r=5) :':'
~ 3way ~ 3{od = sfoi
b T - 1 T T 1 & T -T 1
0 n & ] b 2 40 £ 8 o @ B
Tiime after surgery {mdnths) Time after sungery (months) Time afer surgery (months)
* Cases were categorized according to the combined number of high values for HOXA9
methylation, miR-21 (Clin. Cancer Res. 2011;17:1875-82) and 4-gene signature (Cancer Res.
2013;73:3821-32) and HOXAS promoter methylation(J. Thoracic Oncology 10: 1037-48, 2015.
*  Pvalues calculated by log-rank test for trend.
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Microbiome
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Precision Medicine
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Microbiome and carcinogenesis

Bacterial and Viral Microbiome Promotes Carcinogenesis

H. pylori
Gastric cancer
F. nucleatum
Colon Cancer
Dysbiosis
Multiple Cancers
Cancer Therapy
HPV
Cervical and Head
and Neck Cancer

NATIONAL CANCER INSTITUTE

A 8 ¢ Barriee beodch 0
Virsses ® Bxterum
LT I T i &m
SETR SONALN
coq AT L

TLR xtivation
Genomic instability v  Infummiomes il

N8 ERC STAT3

€ 200 Aer s Anocaron bx Cader Ruaech

Cancer Prevention Research Reviews AAGR

Rajagopala SV et al. Cancer Prev Res 2017;10:226-234 <7




Microbiome, TP53 and lung cancer

Interaction between the Microbiome, ({id
Smoking and TP53 in Human Lung Cancer

« Certain taxa including Acidovorax were higher in both
adenocarcinoma and squamous carcinoma (SCC) in smokers
and former smokers than in non-smokers.

« A group of taxa were significantly associated with SCC, of
which Acidovorax was enriched in smokers

« SCC cases with TP53 mutations had a higher abundance of the
SCC-associated taxa, including Acidovorax

SCC-associated taxa are enriched in tumors with 7TP53 mutations,

which establishes a microbiome-gene interaction in lung cancer tissue

Greathouse |l ...... Harris CC Genome Biology, 2018, August 24:19(1):123
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Temperans challenge

A. temperans Challenge Accelerates Lung Tumorigenesis
{Chenran Zhang and Natalia von Muhlinen)

Representative MRI images
week 13 post Ad-Cre MRI at week 13 post Ad-Cre

-
_ | e |
1000 - : KEssn :
g : —‘g 800
E .
@ 600 - e
= ns
i ¥ i A
S 400 . aa
76 mm? 165 mm’ 385 mm’ c - ~
_ B - R E 200+ came -8
g o et ! 5 3 %23 | == | A
O 5 W - .6 o J O T - T T
2 G ] : e ; A Sham L. gasseri A. temperans
T w - S S A . -
/'.. — ‘-—?i:'d A *hee p < o.m
Sham L.gasseri A temperans = p <0007
Representative H&E slides Scate 380 ne Nan significant

= Mice challenged with A. temperans exhibit significantly larger
tumors at week 13 post AdCre compared to L. gasseri or PBES.
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Metabolome
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Tumor metabolism

Tumor Metabolism and Metabolome

* Hypothesis: Unbiased
metabolomics will discover
biomarkers associated with
the risk, diagnosis, prognosis
and therapeutic outcome of
lung cancer.

Majda i-Fazn adar

Ewy Mathe

E} HATIONAL CANCER INSTITUTE
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Urinalysis

m NATIONAL CANCER INSTITUTE

oo 0 \.$ ’
Physician peeriiig into afflask of trine (1653),
Dutch painter Gerrit Dou (1613-1675)

D) NATIONAL CANCER INSTITUTE

Hippocrates tasted urine in
the diagnosis of disease in
his patients. («co.270,8¢)

Physiologist J. A.
Armstrong writes, “From a
liquid window through
which physicians felt they
could view the body’s inner
workings, urine led to the
beginnings of laboratory
medicine...”

WTECH
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Novel cancer metabolites

CR and NCP are Novel Metabolites of Cancer Metabolome Imbalance @n

Creatine Riboside 27 -nor-5pR-cholestane-

(CR) 3a,7a,12a,24,25 pentol
(NCP)
g . -
Cortisol Sulfate N-acetylneuraminic acid
(CS) (NANA)
OH in "
H
Y .
Creatine riboside Synthesis a.nd Binrngdical {!nalys is: . NCP manuscript describing its metabolic pathveay
Patel, DP et al.,, Pharmaceutical and Biomedical Analysis: and biclogical activity is in preparation.

191:113596, 2020. CUA ready
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Creatine riboside

Creatine Riboside is Increased in Lung Cancer
Tissue: Correlation Studies with Liquid Biopsy

Ennchment in tumorvs
matched non-tumor

= . FC=159.0

§ 0.13 P=0.00001

2 o1 (n=43)

= 0.05°

& o

tumor

Mathe etal. Cancer Ras 20147 4(12); 325570,

mateind
non-um or

Strong postive comrelation
between tumor and urine

tumor-
log.{creatine Abounids )

§ ¢+ 4 ¢ 9

- (=43)
@ 4« 4 < a 2
urns4og.creatine nbonds)

2
(=3

Strong pos five conelation belween urine adserum or plasma

- R=0.80 - R=0.62
% F=0.004 § F=0oo00
o (n=21) 2 2
= * .’ = * " (n=21)
= . &8 . = u . e
= » > .
B “~ o -
- 4
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Four urinary metabolites

Urinary Metabolomic Profiling Identifies Four Metabolites Associated
with Lung Cancer Diagnosis and Prognosis

NCHMID Lung Cancer Case-Control Study! NCI-MD Cohort (Prognosis)
®= 453 NSCLC patients 100

= 53b populatiancantmls
* Urntarzeted Mass Spectrametny
* RP Chramatagm@phy —qTOF MS Analysis
* Randam Farest Analysis far feature identificatian
* assafiatedwith diagnasisand pragnasis
* Four Metabalites
* Creatine Ribaside
" MNAcetylNeummink Acid
* Cartisal Sulfate
= 5p51.3 [NPC})

Lung Cancer Diagno al s
o)l Cam. Btge 141

80+
604
LOW

404

209 . lownall

Probability of Survival

Croatine Rbodde 6.06 (E67F.14) 2.242.05-a30) . righ ln a‘ =469 AR
N-2oot'l Neuraminio Sod 2.68 (1.2==2-262 1.24 1. ¥-2B82) 0 + - - - - - '
Coricl Bultsde 2.1 1.82-2B2) 1.7X1.05-221) 0 10 20 30 10 50 50
81.2 NFC 1.2 (124-2.87) 1.20.2-2.12)
"wy lossse O avm, p<009 Months

Kaplan-Meier plot
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Liquid biopsy
N ..'|‘)
Creatine Riboside in Liquid Biopsy is Associated with =

Recurrance of Early Stage Lung Cancer
CR HAHNA CR /HAHA
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Violin plot

NCI-MD Cohort in Lung Cancer from Never Smoker vs.
Smokers: Violin Plot Analysis of Creatine Riboside

Population Controls Cases

wo-  Pp=0.000
p=0.381 J |
75- 1.5« / '

(I
Median=0.8[uM)] 7 \ M_Qdiaqéls[pﬂl . !Modian=1.7[|.|M]
1t ﬂ/’ Al G- 168

CR [uMm]
CR [uM]

Never Smokers Smokers Never Smokers Smokers
(n=205) (n=272) (n=166) (n=282)
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Low dose CT screening

Low-Dose CT Screening for Lung Cancer
Detects Early Stage and Reduces Mortality

The NEW ENGLAND n=53,454 participants
JOURNAL of MEDICINE G;“g'::jr‘:";;?;;;?f

AR AN LELE S ET &, 2330 Wk B4 R, 3 A

) . - . X-ray LDCT
Reduced [.ung-l{.:rmc'cr Mt]-]‘l.‘:'ll]ll‘_l." \:.ll.']l I_cjnxwl}nse Compured n=26732 n=26722
Tomographic Screening
) _ Low-Dose CT

* False Positive Rate = 96.4%

Stage of Lung Cancers Diagnosed

5 = After Positive CT Screening
- &
59 Stage IA : 329 of 635 (51.8%)
s s £
SE el ||
5 G 8
EQ % ®
S E =
E ; N mm B

Stage: |1A IB IlA IIB A B IV
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Spiral CT scans

Analogy of the Number of Lung Cancer Deaths Averted with Annual Spiral &5

CT Scans, Compared to the Total Number of Scans Done LS
Lung Cancer False Positive

= 2. €< =
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Low dose CT

Low-Dose Computed Tomography (LDCT)

NLST reports
benefits for high CMS announces
risk individuals Medicare
(2011) coverage (2015)
|
Individuals USPSTE Affordable Care Lung Cat_w:er
recommends Act mandates Sc reening
LDCT (2013) coverage

(2015)

= Highrisk: age 55-74, 30 pack-year history, quit within 15 years or current
smoker
* Need to identify high risk individuals outside criteria?
*  Need to identify individuals within the criteria and prioritize those with the
greatest risk?
* 8.8 million Americans were LDCT-eligible (2010)

mﬁ MATIOMAL CANCER INSTITUTE BTE3-CH
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Unmet needs
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Early Stage Lung Cancer: Unmet needs

At-risk individuals
00 35-T4, hivry Smokor )

l

e

Identify individuals

for priarity screening

)
[
1
I
1
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LDCT
scan

e

Clinical
Diagnosisg

Surgical
Resection

Cbservation
[Stage 1)

Chemaotherapy

1

Determine if a lesion
observed in LDCT is
likely to be cancer

{Pgheriph; SAngs B

Adjuvant Chemo/
Immunotherapy

v

m———————

Identify patients at high

risk of recurrence
and candidates for
Adjuvant Therapy

FHALLH
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Precision medicine goals

A Goal of Precision Medicine is to Identify 25%
of Stage | Lung Cancer Patients whose Cancer will recur

___.-F"\-.d—\-\._\'_‘. "-‘-.-"II.J_\-\\'\.\.

”'ﬁ‘ MWMH Py b

StagelA  Stage IB
<3em, NO 3-5¢m, NO

25% of stage | patients Surgery Surgery
recur and die of disease.

Stage | patients after curative surgery

High risk

== TR Observe | Adjuvant immuno- and
chemo-therapy

False Posi p High risk patients
| Decroass FinsnciarCost 'ﬁ' 'ﬁ. rﬁ‘ who may have occult
«  Improve Patient Care

+  Gulde Mechanistic Studies metastasis
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