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The cancer genome atlas:
TCGA data mining
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The Cancer Genome Atlas (TCGA)

Pilot Project s

Charting a new course for prevention, diagnosis, and treatment of cancer
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What is the Cancer Genome Atlas?

1. The Cancer Genome Atlas (TCGA) is a comprehensive and
coordinated effort to accelerate our understanding of the

molecular basis of cancer through the application of genome
analysis technologies, including large-scale genome
sequencing

2. TCGA is a joint effort of the National Cancer Institute (NCI)
and the National Human Genome Research Institute
(NHGRI), which are both part of the National Institutes of
Health, U.S. Department of Health and Human Services{iiA
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Goals of The Cancer Genome Atlas

1. Comprehensive Gataloy of Gancer Genome
[Structural)

— Know all driver genes in all types of cancer
— Know how all driver genes correlate with clinical
phenotype

2. Gancer Therapeutic Roadmanp (Functional)

— Recognize functional pathways in which targets function
— Know cancer vulnerabilities, as function of cancer genome

(targets) Fi}
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— Know resistance mechanisms, as function of canc%iﬁ_
genome (combinations) L
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Goals of The Cancer Genome Atlas
(TCGA)

Identification
of New
Compare and Therapeutic

improve Approaches
technologies

Integrate and
Characterize analyze data

tumor Rapidly share to illuminate
genome by data with genetic basis

various

ientifi of cancers
approaches scientific

community
Assemble

high-quality
samples of
each type
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TCGA: Pipeline for Comprehensive
Characterization

THE CANCER GENOME ATLAS @

Create comprehensive public catalog of all genomic alterations
present at significant frequency for all major cancer types

Tissue Sample

Analysis S

1 Expression,

CNA & LOH,
Epigenetics

Pathology QC
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Data and Integrative
Results Analysis &

DNA & RNA

Isolation, QC Storage Publication

& QC

Analysis |l
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Comprehensive Cancer Genomic
Research

. TCGA researchers identify the genomic changes in
more than 20 different types of human cancer

. TCGA is analyzing hundreds of samples for each
type of cancer

. By comparing the DNA in samples of normal
tissue and cancer tissue taken from the same
patient, researchers can identify changes specific
to that particular cancer

. By connecting specific genomic changes with
specific outcomes, researchers will be able to

evelop more effective, individualized ways of
helping each cancer patient

Keimyung University Dongsan Medical Center



TCGA process

/" Biospecimen Core Resource '\

Tissue samples will be carefully
catalogued, processed, checked for
qguality, and stored, complete with
important medical information about
the patient. Samples will be coded
to remove any descriptors that may
connect a sample with the patient's
private information.

/ Cancer Genome N
Genome Sequencing Centers Characterization Centers

Several technologies will be used to
analyze the genetic changes involved

p

High-throughput genome

sequencing centers willidentity |~ Technology
the changes in the DNA i Veveiopment Sy in cancer. The genetic changes that
sequence that are associated are identified will be further studied
with specific types of cancer. Y ) by the genome saquencing centers.

\._ I\'x ;.- /

Data Management, Bioinformatics,
and Computational Analysis

The information that is generated
by TCGA will be centrally managed
at the Data Coordinating Center
and entered into public databases
as it becomes available.

Keimyung University Dongsan Medical Center



TCGA : Center Overview &
Components

Broad/ ||\ rvard || LBNL || Mskcc ||JHususc!|stanford|| uNc | Sequencing

DFC' Broad, WU, Baylor

| A b gl

AFFYMETRIX, ‘£ Agilent Technologies AFFYMETRIX, 5. Agilent Technologies i”umlna‘ il |um|na' ‘. Agilent Technologies Applied
] T ] By o
- A, B e
SNP 6.0 HTA aCGH Exon Array aCGH GoldenGate Infinium 2 color arrays  PCR >ABI
Copy RNA Copy RNA Copy Methylation Copy RNA, miRNA Somatic
Number Expression Number  Expression Number Number Expression Mutations

Cross-Platform Data Integration, Comparison
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The Cancer Genome Atlas (TCGA):

Starting in 3 Cancers

Connecting multiple sources, experiments, and tata types

Three Cancers - TCGA Multiple Data Types

Biospecimen Core

) e Clinical diagnosis
Glioblastoma Multiforme Resource with more  Treatment history
Sites o Pathologic status
2 Cancer Genomic  Tissue anatomic site
—

(Brain)

izati e Surgical histor
Squamous Carcinoma Characterization g y

Centers e Gene expression
(Lung) e Chromosomal copy number
FSGenome e Loss of heterozygosity
Sequencing e Methylation patterns
Serous . Centers * miRNA expression
Cystadenocarcinoma Data Coordinating » DNA sequence
(Ovary)

Center
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TCGA : Roadmap of Cancer Types
& Data Status

Phase Il TCGA Project Timelines -

3 %08

Y
\ /
o
PIIOt StUdy Colon (and rectal) Head and Neck
(~2011) AML Stomach Kidney Papillary
«GBM (Brain) ; Kidney (Clear Cell) ¢ Thyroid
e HGSC (Ovary) + Endometrial y Liver
* SCC (Lung)
} o [ -} §- - 4 4 ‘
Mar-11  Jur]-11  Sep-11 De¢-11 Mar-12 [Jun-13 Sep-12 ec—1T Mar-1 Jun-13 Sep-13 Dec-13 Mar-14 Jun-14
* LGG
* Lung Adeno * Melanomz
| Breast (Ductal+ | Bladder Non P ——
Lobular) Papillary A
* Lung Squamous * Prostate * Cervical
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TCGA : Expanding the Enterprise

. Pilot project:

— FFPE-preserved tissues
— Mouse models of Human cancers

. Projects to study rare tumor types

— Smaller numbers yet comprehensive focus of
assays and analysis

— International Cancer Genomics Consortium

— Interface between TCGA (genomics of cancery
samples) and CPTAC (proteomics of cancerf
samples) i

Keimyung University Dongsan Medical Center



TCGA : cancer selected for study

The Cancer Genome Atlas (TCGA) has chosen
cancers for study based on specific criteria that
iInclude:

Poor prognosis and overall public health impact

Availability of human tumor and matched-normal
tissue samples

CANCER TISSUES BEING COLLECTED FOR
POTENTIAL STUDY Last Updated: May 16, 2014

Gyn cancer : cervical, ovarian serous, uterine
carcinosarcoma, uterine corpus endometrialgea.
ki
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The Cancer Genome Atlas @ Understanding genomics

to improve cancer care

TGGA: Timeline
Pilot Project Expansion ‘Analysis Completion

! [ ] [N | ]

NCAB GBM Ovarian ARRA Rare 9 tumor 10,000
Report Report ReportFunding Projects typesclosed cases complete
Initiated
({1 H ”
TGGA : “No Platform Left Behind
Multiple data types

Clinical diagnosis [ Treatment history / Histologic diagnosis / Pathologic report & images / Tissue anatomic site / Surgical history /
Gene expression & RNA sequence /| Chromosomal copy number / Loss of heterozygosity /| Methylation patters / miRNA
expression / DNA sequence | RPPA(protein) / Subset for Mass Spec

- Core Data Set -
Synoptic path report Histology images Required clinical data Whole exome
SNP 6.0 array mRNAseq miRNAseq Methylation array
* Adrenocortical Carcinoma * Thymoma * Melanoma * Uterine Carcinosarcoma
* Chromophobe kidney * Uveal Melanoma * Prostate Adenocarcinoma * Cervical Carcinoma
* Mesothelioma * Testicular Germ Cell * Thyroid * Pancreatic AdgRocarcinoma
* Paraganglioma/ * Cholangiocarcinoma * Low Grade Glioma « Adrenocortica# Ca
Pheochromocytoma * Stomach & Esophageal *LGG + GBM

* Uterine Carcinosarcoma * Diffuse Large B cell Lymphoma * Kidney Papillary Carcinoma « Breast __, dla

* Lung Adenocarcinoma
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Finding cancer genes across ~2000 tumor/normal pairs from 21 tumor types

Welgg@i:&lﬂ,ﬂ?&ﬁgﬁal http://cancergenome.broadinstitute.org/

To begin exploring the pan-cancer dataset, please ciick 0n a tumor type or gene name.

Tumor types

Click on & tumor type to see what genes are significantly mutated in it (and other details)
‘Acute myelond leukemia \ (“Biadder cancer | ( Breast cancer Carcmnon Chronic lymphocylic leukemia | (Colorectal cancer | (" Diffuse large Bcell ymphoma ) ( Endometral cancer ) (Esophageal adenocarcnoma | (Gioblasioma multforme ) (Head and neck cancer
AML | BLCA| BRCA | cARc| " CLL CRC'| plBcL | UcEC HNSC
iney clear cell carcin m\gLaﬂLeJncAéwna Lngsq:am cell carcnoma, ] W R"R“FTKE
patients s 138 patients 35 patents 4742 pavents
Genes
Clickona

 TP33 PIK3CA PTEN MLL3 || FAT1 | MLL2 | ARID1A| VHL ||PBRM1| NF1 'EGFR
N2A SETD2 CREBBP FBXW7 SPEN MTOR | RB1 SMARCA4 \C

Or browse clickable interactive versions of figures from the paper.

Flg|n81
Jeelttedt Jirfe! //’

I
13
1
a m”|"""IIHNUI’"J1
5 |

Lammalbren m s S
frequency
: e 5 E * -10%
Example : Ovarlan = s Lo o next 20 genes include o 5-10%
. . . 35%
n=31E T T T T T SMARCET #BRCAZ KE |
| | | | | | | | | | | | | . 1-9%
gere pvalue 107'° 107" 1™ o o g 10 10" 107 0% 107 10 107 -

Cancer mutation datasets are complex, with heterogeneity at all levels of the data.
In a typical tumor type, there are : a few genes mutated at high frequency / many genes
mutated at lower frequencies

High-frequency genes : account for only a small fraction of all driver mutations have nearly all
been discovered

patients are still bemg dlscovered at a rapid pace

Keimyung University Dongsan Medical Center



Integrated genomic analyses of
ovarian carcinoma

The Cancer Genome Atlas Research Network*
Nature 2011474: 609-615
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Background

« The Cancer Genome Atlas (TCGA)

— Clinically annotated HGS-OvCa samples

— Identify molecular abnormalities that influence
pathophysiology, affect outcome and constitute
therapeutic targets

« The analyses of 489 HGS-OvCa tumors

— mRNA expression

— microRNA (miRNA) expression
— DNA copy number

— DNA promoter methylation 3
— Whole exome DNA sequence (316 samples)..af
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Methods

« Sample inclusion criteria

— Newly diagnosed, clinically annotated stage-II-1V
HGS-OvCa

— No prior treatment

— Each frozen tumor specimen had to have a
companion normal tissue specimen

— >70% tumor cell nuclei and <20% necrosis

 Clinical data collection
— Demographics
— Histopathologic information
— Treatment details
— Outcome parameters

Keimyung University Dongsan Medical Center



Clinical data analyses @

» Univariate analysis of overall and progression-free survival for TCGA ovarian cases

Progression-free survival Overall survival

HR 95% ClI P HR 95% Cl P
Age (years) 1.00 0.99-1.01 0.99 1.02 1.01-1.03  0.002
Grade, 3vs 2 1.33 0.95-1.86 0.10 1.35 0.94-1.94 0.11
Stage, lll vs IV 0.88 0.75-1.04 0.13 0.87 0.74-1.01 0.07
TCGA cohort, e 1.05 0.94-1.19 0.38 0.99 0.88-1.12 0.91
training vs validation
Platinum status, 24.28 15.9-37.1 2.3e-49 3.94 2.865.43  6.0e-17
resistant vs sensitive
Surgical outcome, 0.87 0.66-1.15 0.34 0.77 0.59-1.02 0.06

oBtimal Vs subuﬁimal

HR, hazard ratio

Keimyung University Dongsan Medical Center



Biospecimen processing and quality control

7
< —)‘ Characterization
............ .BCR ‘ Centers
v
‘ Collection of
/+\ ‘ # Clinical Data
Tissue Source | Elements ‘
Sites(TSS) | | Tumor Qualified —
. | PathologyQC R
Preliminary *% TumorNguY:Iei IR R > Coordinating
Pathology | | *% Necrosis :lsaf(:):?{ctrophotometery Center
Review *Dx Confirmation | *RNA Bioanalyzer
- 4 ‘ *Electrophoresis
*Genotyping (SSTR)
: T 3
i 200 O C Failed i 243 0 C Failed i Sequencmg
‘ vary Cases Faile | vary Cases Faile ,
1%20 Mgtched } Pathology QC I Molecular Analyte QC : Centers
v?ry e ! :(Additional13fai!edformiscreasons) :
Submitted to BCR ! ! ! 518 Ovary Cases
I ' Submitted for Study
(additional 46 Qualified
but not included in
study)

To date, 1020 ovarian cases have been received by the BCR and 564 (55%) have pas
quality control. The biospecimens included in this report come from 518 ovarian sa

Keimyung University Dongsan Medical Center



Platforms used and data produced

» Coordinated molecular analyses using
multiple molecular assays at independent

> SHES WEI . CAMNIEE O produce

Data type Platforms Cases Data access
DNA sequence of exome Hlumina GAllx*+ 236 Controlled
ABI SOLID? 80 Controlled
Mutations present in exome 316 Open
DNA copy number/genotype Agilent 244Ks|| 97 Open
Agilent 415Ks 304 Open
Agilent 1M|| 539 Open
lllumina 1IMDUQOY| 535 Controlled
Affyrmetrix SNPG* 514 Controlled
mRMNA expression profiling Affymetrix UL133A* 516 Open
Affymetrix Exon# 517 Controlled
Agilent 244K#** 540 Open
Integrated mRNA expression 489 Open
miRMNA expression profiling Agilent** 541 Open
CpG DNA methylation lHlumina 27K+t 519 Open
Integrative analysis 489 Open
Integrative analysis with 309 Open

mutations

data.nci.nih.gov/docs

o
The Cancer Genome Atlas Research;'

The data set analysed here is
available at the TCGA website
(http://tcga-

ons/ov_2011) ’ ii— =,
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http://tcga-data.nci/
http://tcga-data.nci/
http://tcga-data.nci/

1. Mutation Analysis

Nine genes were identified as significant mutations

» TP53 was mutated in 303 of 316 samples (95.9%)

» BRCA1and BRCA2 had germline mutations in 9% and 8% of cases,
respectively, and showed somatic mutations in a further 3% of cases

» Six other statistically recurrently mutated genes were identified (RB1, NF1,
FAT3, CSMD3, GABRA6 and CDK12)

» Significantly mutated genes in HGS-OvCa

Gene No. of mutations No. validated No. unvalidated

TP53 302 294 8

BRCAI 11 10 1

CSMD3 19 19 0

NF1 13 13 0

CDK1Z2 9 9 0

FAT3 19 18 1 '
GABRAG 6 6 0 ‘ii,
BRCAZ 10 10 0 =E
RB1 6 6 0 FET

s
The Cancer Genome Atlas ResearcitN‘ll
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2. Copy Number Analysis

l”ll'

Somatic copy number alterations
(SCNAs) present in the 489 HGS-OvCa
genomes were identified

| |
T e
il '”u

it

» Genome copy number abnormalities
" H’l" t'l* rL' ’ﬁ: "fl‘ {P'l]]] | ' '{ il
W@' ’. &‘ “fl'; ' ﬁ‘,[{’

HGS-OvCa GBM
'|| l"l i |
i *!”" Mtl'h

J |

i : wif ”'“}‘”’,‘H‘ i il ”Ih | Copy number profiles of 489 HGS-OvCa, compared
e Wow with profiles of 197 glioblastoma multiforme (GBM)
"y ',‘ s i m) tumours.
- = Copy number increases (red) and decreases (blue)
i bl b elien are plotted as a function of distance along the
normal genome (vertical axis, divided into
chromosomes).

The Cancer Genome Atlas Researc# \ il_g
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Copy Number Ana|y5i5: Recurrent Focal
SCNAs

63 regions of focal amplification were identified

» The most common focal amplifications encoded CCNE1, MYC and
MECOM, each of which was highly amplified in more than 20% of

tumors
» New tightly localized amplification peaks in HGS-OvCa encoded
- ZMYND8(receptor for activated C-kinase)
- IRF2BP2(p53 target gene)
- ID4(DNA-binding protein inhibitor)
- PAX8(embryonic development gene)
- TERT(telomerase catalytic subunit)

50 regions of focal deletions were identified

» The known tumor suppressor genes PTEN, RB1 and NF1 were in
regions of homozygous deletions in at least 2% of the tumors

T
The Cancer Genome Atlas Researchul)e
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Copy Number Ana|y5i5: Possible Therapeutic
Targets

Ingenuity System,
ClinicalTrials.gov & DrugBank
were used to identify
possible therapeutic
inhibitors of amplified,
overexpressed genes were
identified.

» 22 genes that are
therapeutic targets,
including MECOM,
MAPK1, CCNE1 and KRAS,
are amplified in at least
10% of the cases

Gene | Description |

AKT1
AKT3
CCNE1
CDK2
EPCAM
ERBB2
ERBB3
HSP9OAB1
IGF1IR
KRAS
MAPK15
MECOM
MSTN
NOS3
POLB
RHEB
RICTOR
RPTOR
STAT1
STAT4
TERT
VEGFA

v-akt murine thymoma viral oncogene homolog 1

v-akt murine thymoma viral oncogene homolog 2

cyclin E1

cyclin-dependent kinase 2

epithelial cell adhesion molecule

v-erb-b2 erythroblastic leukemia viral oncogene homolog 2 (avian)
v-erb-b2 erythroblastic leukemia viral oncogene homolog 3 (avian)
heat shock protein 9okDa alpha (cytosolic), class B member 1
insulin-like growth factor 1 receptor

v-Ki-ras2 Kirsten rat sarcoma viral oncogene homolog
mitogen-activated protein kinase 15

MDS1 and EVI1 complex locus

myostatin

nitric oxide synthase 3 (endothelial cell)

polymerase (DNA directed), beta

Ras homolog enriched in brain

RPTOR independent companion of MTOR, complex 2

regulatory associated protein of MTOR, complex 1

signal transducer and activator of transcription 1, 91kDa

signal transducer and activator of transcription 4

telomerase reverse transcriptase
VEGFA

Keimyung University Dongsan Medical Center



3. mRNA and miRNA Expression Analysis

. iRNA i f
At least four robust expression » Gene and mi expression patterns.o .
btypes exist in HGS-OvCa molecular subtype and outcome prediction
su -
TCGA Ref. 25
> ,mmunoreactive . / 4— 489 tumours ——p  g—— 245 tumours ——p-
umour/gene groups E—— A 1 e
1 [ ifferentiated | I
> D'fferent'ated lmraljfnorezticttivz .
» Proliferative oo —R
» MesenChyma’ Gene expression S
Low [MNENENNNNNN High l
A 193'gene tranSCFiptional TCGA training set TCGA test set
(Batches 9-15; 215 tumors) (Batches 17-24; 255 tumors)
Signature predictive Of Overa“ Death event (red) [I| (W0 07 OO DOSCATA U0 MCUOE 00T 0O OO OO0 O R
curvival was defined using the P‘;z;zz’a%‘f'S{.- --
integrated expression data set p
Prognostic
S 10 Lower risk Higher risk Lower risk Higher risk

Keimyung University Dongsan Medical Center



MRNA (Gene) Expression Analysis:

Tumour/gene groups

Differentiated INEG_Y
Immunoreactive | IENG0NB
Mesenchymal NI
Proliferative || IGTEIN

TCGA
— 489 tUMOUIS =i
L ——

<4— 1,000 genes =——p-

Gene expression

Low NI High

Four Clusters @

2. Proliferative subtype: High expression of transcription

3. Differentiated subtype: The differentiated subtype

4. Mesenchymal subtype: High expression of HOX genes

Immunoreactive subtype: T-cell chemokine ligands
CXCL11 and CXCL10 and the receptor CXCR3 characterized
the immunoreactive subtype

factors such as HMGA2 and SOX11, low expression of
ovarian tumour markers (MUC1 and MUC16) and high
expression of proliferation markers such as MCM2 and
PCNA defined the proliferative subtype

was associated with high expression of MUC16 and MUC1
and with expression of the secretory fallopian tube maker
SLPI

and markers suggestive of increased stromal components
such as for myofibroblasts (FAP) and microvascular
pericytes (ANGPTL2 and ANGPTL1) characterized the

mesenchymal subtype EJ:
Keimyung University Dongsan Medical Center :



MRNA Expression Analysis: correlation
with Survival @ @

. TCGA test set Ref. 25

o = 1 1

TCGA training set 508 N=255| 40 N =237
(Batches 9-15; 215 tumors) 806 0.6
Death event (red) ||| [/ | 0 (0 OO DO DO UATAN DO NV OO a D- 4 0' 4

p— m - -
. = Cox P =0.02 Cox P=8x10"°
Poor pr°2’(‘)°s's 2 D'§ Log-rank P = 0.02 0'2 Log-rank P = 0.0002
genes(107) ® Y0 20 40 60 0 20 40 60

Good prognosis Overall survival (months) Overall survival (months)

genes ) [ ., Ref29 Ref. 30
= 1
Prognostic __4 o8 N=169| 5 g N=118
Q0
eSO 10 Lower risk Higher risk g 06 06
S ey = 04 0.4
2 .2/Cox P =0.0002 0.2| Cox P =0.02
Z oLLog-rank P = 0.001 Log-rank P = 0.005
@ "0 20 40 60 0 20 40 60
Overall survival (months) Overall survival (months)
Using a training data set, a Kaplan—-Meier analysis of four
prognostic gene signature was independent expression profile data
defined and applied to a test sets, comparing survival for predicted
data set higher-risk patients versus lower-risk -
patients. v =}

The Cancer Genome Atlas Research}
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MiRNA EXpreSSion AnaIySiS: Overlapping

Cluster

Gene cluster Tumours separated into three clusters
D I M P on the basis of miRNA expression,
C1(55 48 15 89 . .
miRNA overlapping with gene-based clusters

cluster| C2140 21 51 29 =i
c3l39 37 43 20 as indicated.

» D, differentiated
» |, immunoreactive

TCGA » M, mesenchymal
2 1 : :
= _ » P, proliferative
S 0.8 N = 480 ’
S 06 _ . o
204 "‘\_\‘ Survival duration differed
S 00 c3 o significantly between miRNA
 “| Log-rank P = 0.007 ) . . .
3 O 20 20 60 subtypes: patients with miRNA
Overall survival (months) subtype-1 tumors survived T
significantly longer T

Keimyung University Dongsan Medical Center



4. DNA Methylation Analysis

Methylation Cluster
Expression Subtype
G | | | e BRCA2 Somatic Mutation
1 e | 1 {1 I A 1 | I BRCA2 Germline Mutation
rmen R TR TR TR T TR TN S | | BRCAT1 Epigenetic Silencing
| n (R RS BRCA1 Somatic Mutation
0o BRCA1 Germline Mutation

COLOR KEY
HEATMAP BETA VALUE

e .
0 05 1

-

METHYLATION CLUSTERS
@ GLUSTER 1
B CLUSTER 2

3

|

@ CLUSTER3
@ CLUSTER 4

EXPRESSION CLUSTERS
B MESENCHYMAL
8 IMMUNOREACTIVE

£
F
L]
311

B DIFFERENTIATED
B PROLIFERATIVE

Probabllity of Burvival

8

MOLECULAR EVENTS

O NO METHYLATION
OR MUTATION

W METHYLATION
OR MUTATION

O NOT SEQUENCED

i b
IR O ‘ ‘ 11 Analytical Batch Duration In Study (Months)

Agw At Dingnosly (Years)
B

W UDERRER R R 0 LT MR Fallopian Tubes (n=8)

o
==
-]
8

DNA methylation was correlated with reduced gene expression

» AMT, CCL21 and SPARCL1 were noteworthy because they showed promoter
hypermethylation in the vast majority of the tumors

Consensus clustering of variable DNA methylation across tumors identified
four subtypes that were significantly associated with differences in age,
BRCA inactivation events and survival

Keimyung University Dongsan Medical



5. Pathways Analysis: rs1 and piak/ras

»RB signaling:
67% of cases altered

{ CDKN2A }

32%
Downregulated 30%, deleted 2%

CCNET 1

Amplified
CCND2

[ CCND1
|

4% | | 15%

|

Amplified J_ Upregulated

RB1

Deleted 8%, mutated 2%

Cell cycle progression

Percentage of cases (%)
El o i i
Inactivated Activated respeCtlve Iy L, o
T f—-"#'#
oy | (AL
The Cancer Genome Atlas Researchﬂ‘ll , Na

pathway

»PI3K/RAS signaling:
45% of cases altered

PTEN NF1 |

Deleted 7% mut. <1% Deleted 8% mut. 4%

P."K.?CA KF-’AS
18% 11%

Ampllf'ed mut. <1% Ampllfed mut. <1%

AKTf
—Amplified
AKT?2

Amplified

BRAF

Mutated

Proliferation/survival

Analysis of the
frequency with which
known cancer-
associated pathways
harbored mutations,
copy humber changes
or changes in gene
expression showed that
the RB1 and PI3K/RAS
pathways were
deregulated in 67% and
45% of cases,

Keimyung University Dongsan Medical Center




Pathways Analysis: notcH pathway

»NOTCH signaling: 22% of cases altered

) ( Percentage of cases (%)
EF 0 50
| MAML1 | | h!}— Inactivated Activated
204 nhibition )
JA{ET amplified / mutated
4]
Amplified N OTCHS - Ll
| 4% |
JAGZ 1% o Activation
| — Arnpllfed.r’mutated amplified / mutated ( )
MAML3
Amplified 4’ | 2% |
Proliferation mutated

Other analytic method identified several known pathways including

the NOTCH signalling pathway, which was altered in 22% of HGS-OvCa
samples

e
The Cancer Genome Atlas Research}
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Pathways Analysis: Hr pathway

»BRCA1/2: 20% - mutation, 11% - epigenetic silencing
e T (PR eAtn

BRCA2 1 ] IllllllllIll=Illlllllll“““."

I Germline mutation 1 Somatic mutation |I Epigenetic silencing via hypermethylation

W ERCA mutated [66]
B BRCA1 epigenetically silenced [33]
B BRCA wild type [212]

Log-rank test
P =0.0008602

Patient survival

0 50 100 150
Survival (months)

»HR pathway: 51% of cases altered

[ N
DNA damage HR pathway
i Sensors 51% of cases altered
ATM ATR BRCA1 EMSY
(1% | [ <% | e
Mutated Mutated Mutated, Amplified,
hypermeth\yy mutated
55;;;;?( FANCD2 BRCA2 RAD51C
[5% ] L<t% 1~ 7% ] [ 3% |
Mutated Mutated / Mutated Hypermethyl.
HR-mediated PTEN
—
W[ Percentage of cases (%) Deleted y,
Inactivated ° Activated

BRCA altered cases were 31%
» 20%:germline or somatic mutations in BRCA1/2
» 11%:DNA hypermethylation - epigenetic silencing of BRCA1

Survival analysis showed better overall survival for
BRCA1/2 mutated cases than BRCA1/2 wild-type cases

» Notably, epigenetically silenced BRCA1 cases had survival
similar to BRCA1/2 wild-type

Overall, homologous recombination
defects may be present in
approximately half of all HGS-OvCa
cases, providing a rationale for clinical
trials of PARP inhibitors targeting
tumours with these homologous-
recombination-related aberrations

REINITy Uy WrmyeT=rily Ty =dari

Medical gnier 3




Pathways Analysis: roxm1 pathway

»FOXM1 signaling: 84% of cases altered

e S it | [ S = e s e = |
S, | Uy '
g\': | m,v\ | u ;
0 AT TP53‘ L ATM Am /(iﬁ
CCNB1 c % J CHEK2
& V4

N
rs FOXM1 AR

|

|

| S
| : LS N\

| i

| /0 gz l‘\ - - o f‘ §D§‘ \,‘«f'.l RAD51
| el

| ‘

|

|

|

|

|

|

—_— e — — — —— — — — — — — — —_— e — — — — —— — ——

Each gene is depicted as a multi-ring circle in which its copy number
(outer ring) and gene expression (inner ring) are plotted such that each
‘spoke’ in the ring represents a single patient sample, with samples
sorted in increasing order of FOXM1 expression.

The FOXM1 transcription factor
network is significantly altered
in 87% of cases

» FOXM1 and its proliferation-related
target genes, AurB (AURKB), CCNB1,
BIRC5, CDC25 and PLK1, were
consistently overexpressed but not
altered by DNA copy number
changes, indicative of transcriptional
regulation

» TP53 represses FOXM1
afterDNAdamage, suggesting that
the high rate of TP53 mutation in
HGS-OvCa contributes to FOXM1
overexpression

Keimyung University Dongsan Medical Center



Intearated Genomic Analvsis of EOC

Integrated genomic analyses of ovarian
carcinoma

The Cancer Genome Atlas Research Network*

TP53 mutations in almost all tumors (96%)
Low prevalence but statistically recurrent somatic mutations : NF1, BRCA1, BRCA2, RB1, CDK12,
CSMD3, FAT3, GABRA6

113 significant Focal Somatic Copy Number Aberrations
Possible therapeutic targets of amplified, overexpressed genes (22 genes)

4 subtypes based on mRNA expression
e Immunoreactive ¢ Differentiated e Proliferative ¢ Mesenchymal
= 3 microRNA subtypes, 4 promoter methylation subtypes: overlapping with gene-based clusters

» Associated with Survival Duration

= Analyses of Pathway
* RB signaling: 67% of cases altered * PISK/RAS signaling: 45% of cases altered
« NOTCH signaling: 22% of cases altered e HR pathway: 51% of cases altered F;i
* FOXM1 signaling: 84% of cases altered __?:;

on
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Summary
] Genomic analysis of TCGA in Ovarian CA
Integrated genomic analyses of ovarian
carcinoma
The Cancer Genome Atlas Research Network® Nature 2011;474: 609-615
s AH
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TP53 mutations 113 4 Molecular Alteration of
in almost all significant Subtype based on Pathway
tumors (96%) Focal Somatic § ,pNA expression
Copy Number : « RB signaling: 67%
NF1, BRCA1, BRCA2, Aberrations » Immunoreactive subtype PI3K/RAS
RB1, CDK12 » Differentiated subtype signaling: 45%
Low prevalence but amplified, » Proliferative subtype NOTCH signaling:
statistically.recurrent overexpressed genes » Mesenchymal subtype 22% :
mutations (22 genes) HR pathway: 51%
FOXM1 signaling:
l 84%
HGSC are Possible
characterized by few therapeutic New Subtype of OVCA
driver point targets
mutations

The CANCER Genome Atlas



ARTICLE

doi:10.1038/nature10166

Integrated genomic analyses of ovarian
carcinoma

The Cancer Genome Atlas Research Network* Nature 2011;474: 609-615

# In molecular characteristics of HGSC, epithelial ovarian cancer is
Increasingly understood to be a molecularly heterogenous malignancy with

1) no obvious “targetable” driver mutations
2) a myriad of tumor suppressor gene loss or dysfunction &
3) widespread DNA copy number aberrations .

< Although molecularly targeted agents are unlikely to replace current therapy

soon, several of these agents are showing promise efficacy
» Bevacizumab, an inhibitor antibody directed toward VEGF, is showing
promise in combination with existing cytotoxics
» The central importance of HRR (homologous recombination repair)
deficiency in HGSCs renders these tumors sensitive to inhibition ciggj her

DNA repair proteins, such as PARP inhibitors

4—-':'5 3= =
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Gene-gene interaction network analysis of

ovarian cancer using TCGA data

 explore the molecular mechanism of ovarian

cancer pathogenesis using TCGA data

identify the differentially expressed genes (DEGS)
between ovarian cancer and normal samples,
followed by the function and pathway
annotations of the DEGs.

NetBox software was used to for the gene-gene
Interaction (GGI) network construction and the
corresponding modules identification, and
functions of genes in the modules

3
Eix
E;:
=
2 -5

Ying et al. Journal of Ovarian Research 2013, 6:88 =S¢ =
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Gene-gene interaction network analysis of
ovarian cancer using TCGA data

* identified 332 DEGs, including 146 up-
regulated genes which mainly involved in
the cell cycle related functions and cell
cycle pathway

« 186 down-regulated genes which were
enriched in extracellular region par function,
and Ether lipid metabolism pathway

« provides a comprehensive bioinformatics
analysis of genes, functions, and pathwqgﬁs

Ying et al. Journal of Ovarian Research 2013, 6:88 r%"‘i - —
»
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Analysis and Comparison of Somatic Mutations
in Paired Primary and Recurrent Epithelial
Ovarian Cancer Samples

* investigate the pattern of somatic point mutations
iIn matched paired samples of primary and
recurrent epithelial ovarian cancers using the
OncoMap mutation detection protocol

« set of 92 formalin-fixed, paraffin-embedded (FFPE)
tumors, consisting of matched paired samples of
initially diagnosed and recurrent tumors from 46
epithelial ovarian cancer (EOC) patients

« somatic mutations were found in CDKNZA, KRAS,
MLHI, and 7P53. No differences in mutational
status between primary and recurrent sampleiii

Ei

Kim et al. PLOS one 2014,

Keimyung University Dongsan Medical Center



Assessing the clinical utility of cancer genomic
and proteomic data across tumor types

 retrospectively predict patient survival using
diverse molecular data (somatic copy-number
alteration, DNA methylation and mRNA, microRNA
and protein expression) from 953 samples of four
cancer types from TCGA project

e Incorporating molecular data with clinical variables
yields statistically significantly improved
predictions (FDR < 0.05) for three cancers but
those quantitative gains were limited (2.2-23.9%).

 provides a starting point and resources, including
an open-access model evaluation platform 4
-

Yuan et al. Nature Bioetech? 014, ﬁﬁ L T

% Lo
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Integrated genomic characterization
of endemetrial carcinoma

The Cancer Genome Atlas Research Network*
Nature 2013:497(7447):67-73

Keimyung University Dongsan Medical Center



ARTICLE

d0i:10.1038/nature12113

Integrated genomic characterization of
endometrial carcinoma

The Cancer Genome Atlas Research Network* Nature 2013 May 2;497(7447):67-73
........................................................................................................................................................................................................................ o
373 patients with endometrial cancer
* 307 endometrioid
* 53 serous . _
- 13 mixed histology * Somatic copy number alterations
* Exome sequence analysis
v’ Multiplatform subtype classifications
v’ Structural aberrations _
v’ Pathway alterations F;i‘
W S —
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Sample Characteristics

- 4
Cohort Total \a;.:~-—‘
Number of patients 373 ' F s
Age
Mean, years (STD) 63 (11)
Range 31-90
Recurrent Disease
Yes 72 (19.3%)
No 279 (74.8%)
Unknown 22 (5.9%)
Vital Status
Alive 332 (89%)
Dead 39 (10.5%)
Unknown 2 {0.5%)
Stage EndoGrl EndoGr2 EndoGr3 MixedGr3 SerousGr3 Total
Stage | 78 (89%) 83 (79%) 70 (63%) 6 (46%) 17 (32%) 254 (69%)
Stage Il 3 (3%) 9 (9%) 6 (5%) 2 (15%) 5 (9%) 25 (7%)
Stage Il 7 (8%) 12 (11%) 26 (23%) 4 (31%) 25 (47%) 74 (20%)
Stage IV (0%) 1(1%) 9 (8%) 1 (8%) : 17 (5%)

Total 88 (100%) 105 (100%) 111 (100%) 13 (100%){ 53 (100%) ) 370 (100%)

n

The Cancer Genome Atlas (—QE: \

TP
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Somatic Copy Number Alterations

More genomic instability as tumors become less differentiatet

Endometrioid
Grade 1 or 2

Hll"ilil: 'mr
' {

Endometrioid

Grade 3

] 4

Serous
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24% of high-grade endometrioid
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Integrated genomic characterization of
endometrial carcinoma

(232)
7 \.
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Integrated genomic characterization of
endometrial carcinoma

Four genomic-based subtypes of endometrial cancer

e Unusually high mutation rates

POLE ultramutated group * Hotspot mutations (sequences highly susceptible to
mutation in the POLE gene

Hypermutated * High mutation rate

microsatellite instability e Few copy-number alterations
group * Not carry mutations in the POLE gene

* The greatest microsatellite stability

Copy-number low group e High frequency of mutations in CTNNB1, critical gene for
maintaining the linings of organs

N

e Mostly serous tumors, some endometrioid samples

Copy-number high group e High copy-number alteration; characteristics of serous _
tumor ET
'-‘.'- 1: i

Keimyung University Dongsan Medical Center



Integrated genomic characterization of
endometrial carcinoma

Uterine serous tumor & Most endometrioid

23% of high-grade endometrioid tumor :

tumer: * Few copy number

« Extensive copy number alterations alterations or TP53

* Few DNA methylation changes mutations

* Low estrogen * Frequent
receptor/progesterone receptor mutations in PTEN,
levels CTNNB1, PIK3CA,

* Frequent TP53 mutations ARID1A and KRAS

Keimyung University Dongsan Medical Center



Mutations in select genes

* PTEN mutations are uncommon in Serous cases and very oy
commeon in low grade Endometrioid cases

* TP53 mutations are uncommeon in low grade Endometrioid
cases and very commeon in serous cases

* PIK3CA mutations are distributed across histology and grade

* Higher frequencies than previous reports may be due to more
comprehensive sequencing methods

HistologyGrade PTEN TP53 PIK3CA Total
EndoGrl 62(0.83) 3(0.04) 43(0.57) 75
EndoGr2 62(0.82) 9(0.12) 38(0.5) 76
EndoGr3 35(0.71) 17(0.35) 30(0.61) 49
SerousGr3 1(0.02) 39(0.89) 19(0.43) 44
Total 160 (0.66) &8 (0.28) 130 (0.53) 244

» Cyriac Kandoth and Li Ding, WashU

17 The Cancer Genome Atlas é— ?{
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PTEN mutations
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PIK3CA
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MicroRNA sequencing
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Methylation
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Gene expression clusters

A
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* Mitotic cluster contains serous and serous-like cases
* Hormonal cluster contains samples with greater ER/PR expression
* Immunoresponsive cluster contains immune activated genes

~» WeiZhang and Yuexin Liu, MDACC

The Cancer Genome Atlas (-
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The Changing View of EmCa:

Discussion from TCGA

a Serous-like Serous Basal-like
- endometrial ovarian breast
: T e |

were similar between these three
tumor subtypes (uterine serous,
HGSOC, basal-like breast) and
unsupervised clustering identified
relatedness

b High frequency Very low frequency
% Beichan i Bema e st of TP53 mutations of PTEN mutations
80 W Amplification W Serous ovarian
g D rwavpeguaton * Uterine serous: 91% * Uterine serous: 2%
g " gt shencns * HGSOC: 96% * HGSOC: 1%
2 o * Basal-like breast: 84% » Basal-like breast: 1%

20

10

0
- -
A

-
&

-
\C’(’:«\& ¥ @

L Lid h ' ok WI_I_ Differences included a higher frequency ;gl"'- .
TRV W W . W - of FBXW7, PPP2R1A and PIK3CA mutations injuterine.seret
‘\q\‘b@ *gyso"& & 0&%@&.;:2&@« e R :

Keimyung University Dongsan Medical Center



Summary:

- Integrated genomic characterization of endemetrial carcinoma -

Recurrent POLE mutations identified and associated with
altered mutation specturm and very high mutation rate

PI3K/AKT pathway most activated in endometrial -
ramifications for targeted inhibition, unique mutation
spectra among genes

Novel genomic stratification may complement or
supplant histologic subtyping Has immediate impact on
current schizophrenic approaches to adjuvant treatment
after hysterectomy

Warrants re-design of clinical trials with stratification or
separation of subtypes

In the era of ‘precision medicine’ these finding will help
to bring targeted agents to the clinic in a ratlonalég

manner i

=
=

Keimyung University Dongsan Medical Center



Data Mining from TCGA

{3#’ cBioPortal for Cancer Ger x \ =l

€ - C |[3 www.chioportal.org/public-portal/index.do?cancer_study_id=ucec_tcga_pub&genetic_profile_ids_PROFILE_MUTATION_EXTENDED=ucec_tcga_pub_mutations&Z_S ¢y

u .
‘. ' B P t l : ; H Memaorial Sloan Kettering
AEP CbIOForta Visualize, analyze, discover. CancsrCismer.
] for Cancer Genomics

K K

Gene Set / Pathway is altered in 87.1% of all cases.

Uterine Corpus Endometrioid Carcinoma (TCGA, Nature 2013)/Sequenced Tumors: (248)/User-defined List/5genes

» Modify Query

” OncoPrint Mutual Exclusivity Flots Mutations Co-Expression Protein Changes Survival Network IGW Download Bookmark

OncoPrint (What are OncoPrints?)

» Customize

Case Set: Sequenced Tumors: All (Next-Gen) sequenced samples (248 samples)

Altered in 216 (87%) of cases

PTEN G5 IR
PIK3CA S3% I i
CTNNB1 30% I mnmnnnmnm nmmnn nmmn

KRAS 21% 1 n mn n nunn n i 1
ARID1A 33% nnmmmmmn nmmnmnm 1 nn nnnm mn mon n m
1| | 3
# Mutation

Copy number alterations are putative.

Keimyung University Dongsan Medical Center



POLE exonuclease domain mutation predicts
long progression-free survival in grade 3
endometrioid carcinoma of the endometrium.
 explore the clinical and pathologic significance

of POLE exonuclease domain mutations in high-
grade endometrial carcinomas.

» assessed for mutations in the exonuclease
domain of POLE and correlated POLE mutation
status with clinicopathologic features and

molecular parameters

* When analyzed together with published grade 3

endometrioid carcinomas

oy TCGA, the presence

of POLE exonuclease domain mutation was

associated with significant

free survival in univariate (p=0.025)

Meng et al. Gynecol Oncol 2014, 134:15

y better progression-
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A diverse array of cancer-associated MTOR
mutations are hyperactivating and can predict
rapamycin sensitivity

« Genes encoding components of the PI3K-AKT-mTOR
signaling axis are frequently mutated in cancer, but
few mutations have been characterized in mTOR, the
gene encoding the mTOR kinase

* generated a comprehensive catalog of mTOR
pathway mutations in cancer, identifying 33 MTOR
mCuC;tations that confer pathway hyperactivation using
TCGA

* hyperactivating MTOR mutations display heightened
sensitivity to rapamycin both in culture and in vivo
xenografts, suggesting that such mutations confer
MTOR pathway dependency.

Gravineret al. Cancer discover 2014, 4:553 =1 =
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Multiplatform Analysis of 12 Cancer Types
Reveals Molecular Classification within and
across Tissues of Origin

Recent genomic analyses of pathologically defined tumor
tﬁpes identify “within-a-tissue” disease subtypes. However,
the extent to which genomic signatures are shared across
tissues is still unclear

integrative analysis using five genome-wide platforms and
one proteomic platform on 3,527 specimens from 12 cancer
types. Lung squamous, head and neck, and a subset of
bladder cancers coalesced into one subtype thified by
TP53 alterations, TP63 amplifications, and high expression
of immune and proliferation pathway genes

All data sets are available for data-mining from a unified
resource to support further biological discoveries and
Insights into novel therapeutic strategies.. é&

Hoadeley et al. Cell 2014, 158:929
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12 tumor types

Glioblastoma (GBM)
Lung adenccarcinoma
(LUAD)
Breast (BRCA)
Qvarian (OV)
Kidney (KIRC)

Endometrial (UCEC)

Thematic
pathways‘/

Platforms

I —
— t— —

(T

aI! I- \ / c,!

Integrated data set for comparing and
contrasting multiple tumor types

\_I
G-

Omics characterizations

Mutation Six types of omics
i characterization
= . Copy number
were performed
Gene expression .
- creating a ‘data
DNA methylation stadc k,
MicroRNA
RPPA
Clinical data

Maximizing the potential
of integrative analysis

a

Identification of general trends, including common pathways

-
Keimyung University Dongsan Medical Center




Data coordination for the Pan-
Cancer TCGA project

COAD READ
Data were collected by the BRCA

Biospecimen Collection
Resource (BCR) from 12 different
tumor types and characterized BLCA HNSC
on 6 major platforms ! &ML

BCR Genome Characterization Centers
GCe and Genomic Sequencing Centers
Geoa (GCCs and GSCs).

DNA
LT

Data sets were deposited in the
TCGA Data Coordination Center
(DCC) and distributed to the Broad
Institute’s Firehose and the
Memorial Sloan-Kettering Cancer
Center’s cBioPortal for various
automated processing pipelines.

DCC

Analysis Working Groups
(AWGs) conducted focused
analyses on individual tumor

types.

AWGs

: Synapse

GDACs Genome data analygsi:
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Cancer Genomics:
From discovery science to
personalized medicine

Analysis

Cancer
genomics

Chin, Anderse - etal
Keimyung University Dongsan Medical Center






