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The Cancer Genome Atlas (TCGA)

m THE CANCER GENOME ATLAS TCGA data describes .including
National Cancer Institute

National Human Genome Research Institute ‘Q 3 3 10
Mission:

A comprehensive and coordinated effort to DIFFERENT RARE
accelerate the understanding of the molecular TUMOR TYPES CANCERS

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

..based on paired tumor and normal tissue sets
collected from

M 11,000

PATIENTS
using

7 DIFFERENT
DATA TYPES

https://cancergenome.nih.gov/




A Decade of Discovery

12006: Pilot Phase of TCGA

“The Complexity of Cancer Requires a
Comprehensive Atlas of Genomic Alterations |

to Derive Medical Solutions”

NCI/NHGRI Workshop
July, 2005

https://cancergenome.nih.gov/abouttcga/overview/history




A Decade of Discovery

2006: Pilot Phase of TCGA

“The Complexity of Cancer Requires a
Comprehensive Atlas of Genomic Alterations

] to Derive Medical Solutions”

NCI/NHGRI Workshop
1 July, 2005
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TCGA Data Size and Scope

Data Types:

DNA Sequence

> RNA Sequence/Expression TCGA produced over

> Copy Number Alterations

DNA Methylation []
1 PETABYTES

microRNA Expression of data

> Functional Protein Assays

> Clinical Data

https://cancergenome.nih.gov/




TCGA Data as a Community Resource

A key goal of TCGA is to have the data made publicly and broadly available
to the research community while protecting patient privacy

2,775 Approved Data Access Requests

for TCGA Data in 2007-2017
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NCI Genomics @MNCIgenomics - 3h

v Study imputes 138 drug responses for 10K #TCGA samples, associates

responses with genetic variants bitly/2vRKIMd

INCI Genomies (@ MNClgenomics - ul 29
Study draws parallels between STCGA #BladderCancer and tuberous sclerosis
complex disorder bit ly/2u0Pr0
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v Study with #TCGA data confirms molecularly distinct subtypes and suggests
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Network Analysis:

Tumor Specific Projects

32 Working Groups
Defined by Tumor Type

In o @

Tumor Specific
Working Groups
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GSC: Genome Sequencing Center
GCC: Genomic Characterization Center
8 GDAC: Genomic Data Analysis Center
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Key Results and Findings from TCGA

MOLECULAR
BASIS OF
CANCER

Improved our
understanding of the
genomic underpinnings
of cancer

For example, a TCGA study found the basal-like
subtype of breast cancer to be similar to the
serous subtype of ovarian cancer on a molecular
level, suggesting that despite arising from
different tissues in the body, these subtypes may
share a common path of development and
respond to similar therapeutic strategies.

TUMOR
SUBTYPES

Revolutionized how
cancer is classified

TCGA revolutionized how cancer is classified by
identifying tumor subtypes with distinct sets of
genomic alterations*

THERAPEUTIC
TARGETS

10

Identified genomic
characteristics of tumors
that can be targeted with

currently available
therapies or used to help
with drug development

TCGA's identification of targetable genomic
alterations in lung squamous cell carcinoma led
to NCI's Lung-MAP Trial, which will treat
patients based on the specific genomic changes
in their tumor.

https://cancergenome.nih.gov/




Network Analysis:

Cross-Cancer Projects

PanCan-12

PanCanAtlas

Published Fall 2013

12 tumor types

. Mutation
2

"-_z:., Copy number

MicroRNA
RPPA

Gene expression

DNA methylation

Clinical data

In progress
- TCGA Capstone
- Full data analysis

- Standards for data quality
and reproducibility
— Batch correction
— Re-analysis
- Innovative “big data”
distributed computing
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Pancancer Findings

Genomic analysis of multiple cancer types (aka “Pan-Cancer analysis) h
commonalities and differences among various types and subtypes.

12 TCGA Pan-Cancer types
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mutation rate mutation spectrum mutated genes mutation relation clinical features clonal architecture
Distribution of mutation rates  Environmental effects on When grouped by mutation, Wae found 14 significant We found TP5310 be significant,  Mutations in TP53, DNMT3A,
across the twelve cancer cancer development can also  we see thal significant mutually exclusive pairs and with mutations being associaled  and PIK3CA play an initiation
lypes reveals inlerasting be observed in mutation mutations fall info several 148 co-occurring pairs, We with detrimental outcome role in the tumorigenasis
features, such as clusters in spectrum. For Instance, lung  distinct calegories also identified a set through joint analysis of 12 Mutations in KRAS and/or
UCEC and COAD/READ that  lumors show higher transcription factors & consisting of TP53, PIK3CA,  tumor types. Mutations in BAPT  NRAS largely play a
Indicate tactors other than proportions of C-to-A regulators, histone modifiers PIK3R1, SETD2, and WT1 are corelated with detnmental progression role in the
age in the development of transversions — a signature genome integrity, ATK outcome particularly in KIRC tumorigenesis of AML
these tumors of cigarette smoke exposure.  signaling, cell cycie, and more and UCEC BRCA, and UCEC

Systematic analysis of the TCGA Pan-Cancer mutation dataset identifies SMGs, cancer-related cellular processes, and genes associated with clinical features
and tumour progression.

12 Nature 2013 502. 333-339 doi:10.1038/nature12634



Pancancer Findings

commonalities and differences among various types and subtypes.

Integrative analysis across cancer types identifies subgroups that are correlated, but
not identical to, tissue-of-origin classifications of cancer.

Reclassification
Platforms of cancer types
Exome seq Co_nverged Same tissue
Pan-TCGA mRNA seq diverged origin
mIRNA seq LUAD-enriched
. Bladder Ovary
Squamous-like UCEC

Lung

: medcineck Endometrium
SNP Array e
DNA Meth Array » BRCA/Luminal KIRC
= —— . Breast Kidney
BRCA/Basal GBM
@ Breast Glioblastoma
BLCA

RPPA o
Wak . Bladder LAML

13 http://news.ucsc.edu/2014/08/pan-cancer-study.html




Pancancer: Large-scale genomics meets

large-scale, reproducible analysis

PanCan-12

PanCanAtlas

Published Fall 2013

12 tumor types

MicroRNA
RPPA

Gene expression

DNA methylation

Clinical data

In progress
- TCGA Capstone
- Full data analysis

- Standards for data quality
and reproducibility
— Batch correction
— Re-analysis
- Innovative “big data”
distributed computing

14




10K TCGA Exomes

Prem EZBROAD i i e

Preprocessing INSTITUTE

Coherent BAM collection

Cancer Genomics Hub
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INSTITUTE
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Consistent Mutation Calling
across all TCGA exomes

£2Washington MDAnderson
UniversityinStLouis .Ganeer Network™

@cosmc __ #Ear

e.’ Ensembl

-3

Final MAF

Filtering and Annotations

15 Tumor Exomes” (Submitted)

Goals

Ellrott et al “Automating Somatic Mutation calling for Ten Thousand

Produce uniform mutation calls
across all TCGA exome data

500 terabytes BAM exomes

Multiple variant calling tools and QC
filters

Reproducible tools and workflows
Modern computing paradigm

Docker Containers
CWL/WDL workflows
Leverage clouds and clusters
Global Alliance (GA4GH)
Standards

The Cancer Genome Atlas @




PanCanAtlas Themes

Oncogenic
Processes

https://www.cancer.gov/about-nci/organization/ccg/blog/2017/tcga-pancan-atlas

16 The Cancer Genome Atlas @




PanCancer Analysis of Whole Genomes

€ ICGC Data Portal OOEOEG Sp— | e

@~ PCAWG - PANCANCER ANALYSIS OF WHOLE GENOMES

The Pancancer Analysis of Whole Genomes (PCAWG) study is an international collaboration to
identify common patterns of mutation in more than 2,800 cancer whole genomes from the
International Cancer Genome Consortium. Building upon previous work which examined cancer
coding regions (Cancer Genome Atlas Research Network, The Cancer Genome Atlas Pan-Cancer

Donor Distribution by Primary Site
48 projects and 20 primary sites

analysis project, [(f'Nat. Genet. 2013 45:1113), this project is exploring the nature and 200
consequences of somatic and germline variations in both coding and non-coding regions, with
specific emphasis on cdis-regulatory sites, non-coding RNAs, and large-scale structural
alterations.

In order to facilitate the comparison ameng diverse tumer types, all tumer and matched
normal genomes have been subjected to a uniform set of alignment and wvariant calling
algorithms, and must pass a rigorous set of qualilty control tests. The research activities are
coordinated by a series of working groups comprising more than 700 scientists and covering the
following themes:

1. Novel somatic mutation calling methods

Donors
a B

2. Analysis of mutations in regulatory regions °
3. Integration of the transcriptome and genome

4. Integration of the epigenome and genome

5. Consequences of somatic mutations on pathway and network activity

6. Patterns of structural variations, signatures, genomic correlations, retrotransposons and
mobile elements & 2.834 Donors B 70.389Files £ 801.65TB

7. Mutation signatures and processes

2. Germling cancer genome

i 3 ) i ) Data Type # Donors # Files Format Size
9. Inferring driver mutations and identifying cancer genes and pathways

10. Translating cancer genomes to the clinic &7 2hE U BaF EEED
11. Evolution and heterogeneity SGV 2,834 5908 VCF 758GB
12. Portals, visualization and software infrastructure Aligned Reads 2,834 3721 BAM 30090 TB
13. Molecular subtypes and classification

Simple Somatic Mutations 2,834 26,241 VCF 198.0% GB
14, Analysis of mutations in non-coding RNA
15. Mitochondrial Copy Number Somatic Mutations 2834 5911 VCF 138.14 MB
16. Pathogens Structural Sematic Mutations 2,834 14,743 VCF 1.70 GB

Available data as of Jul 26, 2017

17 The Cancer Genome Atlas @




Use of distributed computing

“with large-scale genomics data )

PCAWG

PanCancer Analysis

C Project
83 WGS donors

OFWHOLE GENOMES . .
AWS Ireland M somatic variants
Collaboratory, OICR i
Sanger, Hinxton
DKFZ, Heidelberg
EBI, London

NCI Cluster, UCSC

—‘E —

€0
Microsoft

Azure ETR', SeOUI UTOkyO

AWS Virginia &
Seven Bridges BSC, Barcelona

iDASH, UCSD

PDC, UChicago

HPC
months actual

Academic cloud [
cademic clouds months theoretical)

Commercial clouds
Compute centers (C), GNOS repositories (G), and S3-compatible data storage (S) A
The Cancer Genome Atlas )

PCAWG-Tech: Christina Yung & Junjun Zhang; slide courtesy of Lincoln Stein




Impact of TCGA

> Comprehensive Data Resource

> Forward-looking Data Sharing

> Transformational Scientific Advances

> Innovative Pipelines and Approaches

19



Save the Date

Cell Symposia: The TCGA Legacy

The TCGA Legacy: Multi-Omic Studies in Cancer

27-29 September, 2018 Ve Y

June 15, 2018

Washington, DC Abstract Submission
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August 10, 2018
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