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Gastric Cancer: ~723,000 deaths annually

Most Common Causes of Cancer Death

Deaths per year (thousands) Total: 8.2 million
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Hlstopathology Lauren S cIaSS|f|cat|on

Intestmal lefuse

Poorly cohesive, or dispersed
Morphology Glandular structure Y : P
single cells
Frequent sites of , :
9 . Liver Ovary, Peritoneum
metastasis
Associated with atrophic Familial variant involving CDH1

Other remarks e . : . .
gastritis, intestinal metaplasia germline mutation




Gastric Adenocarcinoma:
What Disease are We Trying to Study?

e Histologic

— MSI vs MSS, ERBB2+.....

6/5/2014



Goals for the Gastric TCGA

* To better classify tumors

— And to use a schema that can be applied in a more
‘real world’ setting

* To identify key pathways in distinct tumor
types

e To identify targets/biomarkers for distinct
tumors, tumor types



Comprehensive Molecular Characterization
of Gastric Cancer — Data Types

Clinical Data

295 Cases
Copy Number Variation 293
Cases
Whole Exome Seq 289
Cases
RNA-seq

265 Cases

DNA Methylation Arrays 295
Cases



Developing Classification

e Use Agnostic Molecular Classification
— Cluster of Cluster Assignments
— iCluster

e |dentify key identifying features of molecular
clusters of tumors

e Use identifying features to categorize tumors
using a decision tree

— Analysis based upon assignments from decision
tree rather than based upon initial clustering



Cluster of Cluster Assignments....
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Subtypes defined by
the 6 different platforms

Cluster 1 Cluster 2 Cluster 4 Cluster 3

MSI Diffuse EBV Aneuploid

Vesteinn Thorsson



u-r:cw |
EHCI
mwrr.hu:

- MIL'IIII]ILI,I II |I| lI

i s

ot

‘-Ou:\nl
0

1' H |'|’ "My Tl
S "ir.""
I,

:I|lllll |'l
'
||

|

L]

T
I 1

p— R ﬁ:.t:?-wr

'|||I

Ay
| |§ J‘mé

i
R

i
Sl

L .u .I st
i) f i
va e gl

T T
e doyRD

-1.-4 l_"jl.f;-

Diffuse

iClust1

EBV

iClust2

iICluster

Aneuploid

iClust3

|Elu5t4

Gastric-CIMP -

Gastric-EBV-CIMP
Hypermutated
Ultramutated

MLH1 methylated —

MSI -

Lauren —

LA S T El e

A B R AT T B oy =
il .'.-j'-'q':l;- i

b L AL "1 % 1 - !
i Ry < B M bl }
memere i Oyt L (e
. +ld L L] et ) T
Phposn 4L
- b R B 5
o ol b oyl "
el L 9. Wy e o g ¢ 4
AL
3 '
oy i |_%;i
et 3
L1 T il 2

ih

MSI

|Elu5t5
— P<0.0001
- P<0.0001

|l 1[I |}~ P<0.0001

P=0.25

— P<0.0001
— P<0.0001
— P<0.0001

Ronglai Shen



Genome-Guided Classification Correlations

Vesteinn Thorsson, Toshi Hinoue



Example of Value of TCGA Integrated
Analysis: Features of EBV-Positive GC



Distinct CIMP Profiles Differentiate

EBV+ and MSI+ Gastric Cancer

Subtype
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Dramatic Rates of PIK3CA
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EBV and Identification of New Genomic
Lesions in GC: Novel Amplifications



Focal Copy-Number Amplification Peaks Across 289 Gastric Cancers
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Chromosome

Focal Amplification Peaks Across
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Detailed Look at 9p24.1 Locus of Amplification

chrd

i 1 N0 T 5 ) Y T I I I I T 1
p2a. p23  p2aI pi3 p211 pisZ pi2z  pild qi2 qi3  qlli12 1.2 q2132 q221  q2232 a3l q313 q33.1 q333 q3412 q343

- 1,139 kb

4,800 kb 5,000 kb 5,200 kb 5,400 kb 5,600 kb
I | | | | |

DATA FILE

TCGA-BR-8285.. -110-2338-01
TCGA-CD-A4BA. . -12D-A24C-01
TCGA-BRE706.. -110-1881-01
TGGA-HU-8608.. -110-2380-01
TCGA-F1-8875..-11D-2052-01
TCGA-EQ-A4S...110-A253-01
TCGA-BR4267..010-1130-01
TGGAHU-A4HD..-11D-A253-01
TCGA-FP-T998..-11D-2200-01
TCGADT-A4YT...-11D-A253-01
TCGA-D7-6822..-11D-1881-01
TGGA-HU-8604.-110-2380-01 ]
TCGA-BR4357..010-1155-01
TCGAHU-A4GE.. -11D-A24C-01
TCGA-CD-8535.. -110-2336-01
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TCGA-D7-6528..-11D-1799-01
TCGAHF-7136..-11D-2052-01
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Basics of immune checkpoints

Priming phase Effector phase
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Elevated PD-L1 and PD-L2 Expression
In EBV+ Gastric Cancer

mRNA expression (RNA Seq RPKM)(leg2)
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Expression Signatures of Immune Cell
Signaling Enriched in EBV+
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Molecular Classification Scheme
for Gastric Cancer
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RTK-RAS

PI3K

CIN Tumors: Highly Recurrent
Amplification of Oncogenes

EGFR 1%
ERBB2 17%
ERBB3 15%
JAK2/PD-L1/2" 6%
FGFR2 9%
MET 6%
VEGFA 7%

KRAS/NRAS 17%
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PIK3CA 24%
PIK3R1 3%
PTEN 1%
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Mutation
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Missense Mutation
(recurrent or known in COSMIC)

Missense Mutation
(all other)

Nils Wilheim




RTK-RAS

PI3K

MSI Tumors: Recurrent
Mutations of Oncogenes
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Recurrent Oncogenic Mutations in ERBB2/ERBB3

RESEARCH ARTICLE

Activating HER2 Mutations in HER2 Gene
Amplification Negative Breast Cancer

Ron Bose!Z, Shyam M. Kavuri!, Adam C. Searleman?, Wei Shen?, Dong Shen?, Daniel C. Koboldt3,

John Monsey!, Nicholas G
Oncogenic ERBB3 Mutations in Human Cancers

Elaine R. Mardis234, and
Bijay S. Jaiswal,! Noelyn M. Kljavin,! Eric W. Stawiski,1-® Emily Chan,2 Chaitali Parikh,! Steffen Durinck,-2
Subhra Chaudhuri,’ Kanan Pujara,! Joseph Guillory,! Kyle A. Edgar,3 Vasantharajan Janakiraman,! Rolf-Peter Scholz,?
Krista K. Bowman,*7 Maria Lorenzo,® Hong Li,® Jiansheng Wu,® Wenlin Yuan,! Brock A. Peters,’ Zhengyan Kan,’
Jeremy Stinson,! Michelle Mak,! Zora Modrusan,’ Charles Eigenbrot,* Ron Firestein,® Howard M. Stern,5
Krishnaraj Rajalingam,’® Gabriele Schaefer,® Mark A. Merchant,? Mark X. Sliwkowski,® Frederic J. de Sauvage,’
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RTK-RAS

PIBK

EGFR
ERBB?2
ERBB3

Jak2/PD-L172* 6% | |

FGFR2
MET
VEGFA

KRAS/NRAS 17% n

RASA1

PIK3CA
PIK3R1
PTEN

What About Genomically-Stable
(i.e. Diffuse) Gastric Cancer
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Significantly Mutated Genes
in Gastric Cancer (Excluding Hypermutators)
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Highly Recurrent RHOA GTPAse Mutations
in Diffuse/Genomically Stable GC
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RHOA: Roles in Invasion and Migration Could
Contribute to ‘Diffuse’ Growth Phenotype
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New Recurrent Fusion Gene Impacts
RhoA Pathway and Adhesion

CLDN18 ARHGAP26
Chr3 Chrs

/H__ Exons | S _3UTR A/ /H__Intoni ‘é | Exoni2 [

;’f—l Exons | 3'UTF~'-hi.inrmnl‘l | Exon12 Hf

Angeliki Pantazi
Andy Mungall
Reanne Bowlby



Fraction Altered (%)

20 25 30 35

Both RhoA and ARHGAP Fusions
Enriched in Diffuse/GS Type GC
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CLDN18-ARHGAP26....What are these genes?

Claudin 18: Component of tight
junctions, cellular adhesion complex
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ARHGAP26: a RHO-GAP, GTPase

activating protein, something that

should act to reduce RHOA activity...
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Molecular Subtypes of GC and Key Features

CIN
¢ Intestinal Tumors
+ TP53 Mutation
+« RTK-RAS Activation

GE Junctlon-

EBV
* PIK3CA Mutation
* PD-L1/2 Overexpression

* EBV-CIMP
* CDKN2A Silencing
* Immune Cell Signaling

r
MSI

* Hypermutation

* Gastric-CIMP

* MLH1 Silencing
« Diffuse Tumors « Mitotic Pathways
* CDH1, RHOA Mutations ! *
¢« CLDN18-ARHGAP Fusion
« Cell Adhesion

. J

Ryo Sakai



TCGA Stomach Analysis Working Group

Adam Bass (Co-Chair)

Alex Boussioutas
Alyssa Janning

Amaro Taylor-Weiner

Andy Chu

Andy Mungall
Angela Hadjipanayis
Angeliki Pantazi
Anna Spencer
Arjun Pennathur
Barbara Schneider
Beifang Niu

Ben Hanf

Ben Raphael
Brady Bernard
Carolyn Hutter
Carrie Sougnez
Cati Crawford
Charles Rabkin
Chris Pierson
Christina Curtis
Cindy Taylor

Cody Brennan
DaYang

Dan Weisenberger
David Beer

David Kelsen

Dominik Stoll
Elaine Mardis
Emma Spaulding
Erik Zmuda
Gordon Mills
Gordon Robertson
Han Liang

Hark Kim

Heidi Sofia

Hollie Harper

Hui Shen

llya Shmulevich (Co-Chair)
Ina Felau

Jae-Ho Cheong
Jay Bowen

Jean Claude Zenklusen
Jim Herman

Joe Willis

John Demchok
Ju-Seog Lee

Julia Zhang

Julie Gastier

Julie Ward
Katayoon Kasaian
Katie Dicostanzo
Katie Garman

Special Thanks: Ryo Sakai,

Allison Kudla

Katie Hoadley
Kenna Shaw
Kristen Leraas
Kristen Wildermuth
LauraTang

Li Ding

Lihua Zou

Lisa Wise

M Blanca Piazuelo
Maciej Wiznerowicz
Margi Sheth
Martin Ferguson
Melissa Cronan
Michael Miller
Mike Lawrence
Mike McLellan
Mike Noble

Myra George
Netty Santoso
Niki Schultz

Nils Weinhold
Nilsa Ramirez
Payal Sipahimalani
Peggy Gulley
Petar Stojanov

TCGA Program Office

DCC
BCR

Peter Laird (Co-Chair)

Peter Park

Raju Kucherlapati
Reanne Bowlby
Rehan Akbani

Rita Devine

Rob Odze

Robert Penny
Ronglai Shen
Sam Ng

Sara Coppens
Scott Morris

Scott Woodman
Spring Liu

Tara Lichtenberg
Todd Pihl

Tony Godfrey
Toshinori Hinoue
Tracy Hall

Troy Shelton
Vesteinn Thorsson
Vlado Uzunangelov
Wei Xu

Wei Zhang
Wenbin liu
Zhining Wang



	Slide Number 1
	Slide Number 2
	Slide Number 3
	Histopathology:  Lauren’s classification
	Gastric Adenocarcinoma:  �What Disease are We Trying to Study?
	Goals for the Gastric TCGA
	Comprehensive Molecular Characterization�of Gastric Cancer – Data Types
	Developing Classification
	Cluster of Cluster Assignments….
	iCluster
	Genome-Guided Classification Correlations
	Example of Value of TCGA Integrated Analysis:  Features of EBV-Positive GC
	Distinct CIMP Profiles Differentiate EBV+ and MSI+ Gastric Cancer
	Dramatic Rates of PIK3CA �Mutation in EBV+ GC
	EBV and Identification of New Genomic Lesions in GC:  Novel Amplifications
	Slide Number 16
	Focal Amplification Peaks Across� Molecular Subtypes
	Slide Number 18
	Basics of immune checkpoints
	Elevated PD-L1 and PD-L2 Expression in EBV+ Gastric Cancer
	Expression Signatures of Immune Cell Signaling Enriched in EBV+
	Molecular Classification Scheme�for Gastric Cancer
	CIN Tumors:  Highly Recurrent Amplification of Oncogenes
	MSI Tumors:  Recurrent �Mutations of Oncogenes
	Recurrent Oncogenic Mutations in ERBB2/ERBB3
	What About Genomically-Stable �(i.e. Diffuse) Gastric Cancer
	Significantly Mutated Genes�in Gastric Cancer (Excluding Hypermutators)
	Highly Recurrent RHOA GTPAse Mutations in Diffuse/Genomically Stable GC
	RHOA: Roles in Invasion and Migration Could �Contribute to ‘Diffuse’ Growth Phenotype
	New Recurrent Fusion Gene Impacts RhoA Pathway and Adhesion
	Both RhoA and ARHGAP Fusions Enriched in Diffuse/GS Type GC
	CLDN18-ARHGAP26….What are these genes?
	Molecular Subtypes of GC and Key Features
	TCGA Stomach Analysis Working Group

