1st Scientific Workshop

NoveMBER 15-17, 2008
Bethesda, Maryland




DAY T .
.’ = Icn;cﬁggftéoe"naéme 1 ICGC Scientific Workshop
. - Consartiom November 15-17, 2008 — Bethesda, MD
o —
TABLE OF CONTENTS
Section Page Number
I. Meeting Charge and Goals of the ICGC 1
II. Initial Experiences From Cancer Genomics Projects 2
Cancer Genome Project at the Sanger 2
The Cancer Genome Atlas 2
Johns Hopkins’ Integrated Genomic Analysis of Human Cancer 3
lIl. Status of Committed ICGC Projects - Expressions of Interest, 5
Tumor Types
Pancreatic Adenocarcinoma (Canada) 5
Viral Hepatitis-Associated Hepatocellular Carcinoma (Japan) 5
Alcohol-Related Hepatocellular Carcinoma (France) 5
Her2 Positive Breast Cancer (France) 6
Multiple Subtypes of Breast Cancer (UK) 6
Pancreatic Cancer (Australia) 7
Gastric Adenocarcinoma (China) 7
Oral Squamous Cell Carcinoma (India) 7
Chronic Lymphocytic Leukemia (Spain) 8
IV. Quality of Samples 9
The Experience of the TCGA in Acquiring Samples (USA) 9
Standard Operating Procedures for the International Network of 10
Biobanks Coordinated by the International Agency for Research on
Cancer (IARC), WHO
The International Genomics Consortium (USA) 11
V. Informed Consent and Participant Protection 12
Report from International Data Access Committee (IDAC) 12
VI. Tumor Characterization Technologies 14
Cancer Genome Sequencing at Washington University (USA) 14
Sequencing Whole Cancer Genomes at Sanger (UK) 15
Paired End diTags (PETs) in Mapping Cancer Genomes (Singapore) 15
RNA-Seq and Cancer (Canada) 16
Epigenomics and Cancer (Spain) 16
Genome-wide Analysis of DNA Methylation in Tumor Tissues 17

(Netherlands)



1st ICGC Scientific Workshop November 15-17, 2008 — Bethesda, MD

VII. Analysis and Data Management
Data Coordination Center
CaBIG (USA)
Wellcome Trust Sanger Institute (UK)
TCGA Data Analyses (USA)

VIII. Wrap-Up and Moving Forward: Which issues were resolved
and which ones still need to be discussed?

Meeting Summary
Appendix |: Agenda
Appendix II: Participant List

18
18
19
20
20
21

21
23
29



1st ICGC Scientific Workshop November 15-17, 2008 — Bethesda, MD

On November 15-17, 2008, the National Cancer Institute (NCl) and the National Human
Genome Research Institute (NHGRI) hosted the first scientific workshop of the International
Cancer Genome Consortium (ICGC). The ICGC serves as a forum for researchers around the
world to discuss their efforts toward thoroughly characterizing the myriad genomic changes that
occur across many types of cancer. To promote this goal, the ICGC has developed policies and
quality control criteria to guide funding bodies in designing cancer genome characterization
projects. When patient protection policies are harmonized, the ICGC plans to enable access to
data from a large number of international programs.

The purpose of the workshop was to bring together some 95 participants from 13 countries to
discuss and coordinate initial plans for projects. The agenda (Appendix: Agenda) included
presentations about existing large-scale cancer genomics projects, status reports from
committed ICGC projects, and discussion about sample acquisition and stewardship, patient
informed consent and bioethics, tumor genome characterization technologies, data analysis,
and data-sharing models.

I. Meeting Charge and Goals of the ICGC

Around the world, 7.6 million people died of cancer in 2005. Cancer mortality rates have not
declined over the last 50 years in the United States and they are increasing worldwide. The
heterogeneity of cancer types and of genetic backgrounds across populations adds to the
challenge of characterizing the genetics of cancer. The goal of such characterization is
personalized medicine. The goal of the ICGC is to genetically characterize as many tumor types
as possible and to disseminate that knowledge broadly. The goal of this workshop and future
meetings is to share lessons learned in pursuing these goals.

Why the ICGC is an international project:
e Broader impact;
e Division of labor and coordination;
e Standardization of approaches will enable the merging of data.
Organizing principles:
e The ICGC will obtain comprehensive descriptions of changes in the genome,

transcriptome, and epigenome of 50 different tumor types or subtypes important
around the world;

e Research groups will target specific cancer types or subtypes, taking a comprehensive,
genome-wide approach to analysis;

e Coordination will occur at the level of funders and through an international scientific
steering committee;

o Data will be released free of patents and shared in ways that protect patients;

e Each study should analyze at least 500 samples per tumor type or subtype. Exceptions
may be allowed for difficult cancer types.
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Il. Initial Experiences From Cancer Genomics Projects

Cancer Genome Project at the Sanger

The Sanger project aims to catalog somatic mutations in cancer by studying primary cancer
collections and cell lines.

Challenges and lessons learned:

The end point of cancer genomics research will not be clear until all somatic
mutations are known and the number of cancer genes is known;

There are a large number of infrequently mutated cancer genes;

Discovering new genes involved in cancer continues to reveal important new
biological pathways;

Rearrangements are an important type of cancer mutation and can be studied
systematically. A paired end-read strategy can be used to detect rearrangements
genome-wide. Complete sequencing within regions can reveal the complexity of
rearrangements’ architecture;

The pattern of rearrangements in cell lines is similar to the pattern in new cancer cells;
Passenger mutations make up most of the mutations in human cancer genomes;

Contamination of normal tissue is always a problem with tumor samples. Single-
molecule sequencing will help;

The rapid advance of technology complicates decisions on when and how to invest in
platforms. Projects must track data quality and error rates;

Researchers have to think about the goal for the quality of the final product—e.g.,
25,000 rough genomic sequences or highly curated sequences?

Some cancers seem to have a very low prevalence of mutations, but the extent of
mutations isn’t clear unless genomes are fully sequenced.

The Cancer Genome Atlas

TCGA research network includes 150 investigators funded by NCI and NHGRI working on a
comprehensive understanding of the genetic basis of brain, lung, and ovarian cancers. TCGA has
embraced multi-dimensional analysis, with researchers studying expression, copy number, and
methylation as well as sequencing DNA.
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Challenges and lessons learned:

The majority of banked biospecimens used retrospectively failed study criteria, with
only 1/3 passing the project’s required quality parameters. TCGA studies require large,
high-quality sample collections that are clinically annotated. Having a somewhat
heterogeneous collection can be useful—e.g., having treated vs. untreated specimens;

Data released has to be of reference quality. Coordinating activities can reduce data
redundancy;

Genetic studies can change the way disease is classified. In studying glioblastoma
multiforme (GBM), genetic studies showed that histologically and clinically
indistinguishable tumors can have different patterns of mutations;

Integrating data can lead to hypotheses. For example, MGMT methylation is a
biomarker used in the clinic to treat GBM. By comparing results from treated and
untreated tissue specimens, TCGA results suggest that targeting the mismatch repair
process could be a treatment strategy. This is a testable hypothesis;

Genomic studies can lead to a better understanding of networks, rather than linear
pathways, involved in cancer;

Genomic studies need to be done in the context of biological understanding to guide
data analysis and future studies;

Distinguishing between driver and passenger mutations is difficult. If mutations hit a
given pathway many times, that suggests the pathway is important.

Johns Hopkins’ Integrated Genomic Analysis of Human Cancer

The project is a collaboration that has examined breast, colorectal, pancreatic, and GBM

cancers.

Challenges and lessons learned:

For smaller scale studies, it is valuable to have a two-tiered system of analysis for
finding somatic mutations in tumors: a discovery screen followed by a validation or
prevalence screen;

Genetic alterations in cancer cells go beyond mutations to include copy number
changes and changes in expression levels. lllumina Arrays and digital karyotyping have
been used to analyze copy number;

Among somatic mutations, the majority observed are missense mutations across
cancer types. Other changes are rarer but can have more dramatic effects. Spectra of
substitutions vary greatly among cancers;

A key problem is discerning driver mutations. Indications that a mutation is a driver:

- Frequency: gene is commonly mutated in a given cancer type;

- Higher than expected number of mutations in a gene given its size;

- Rate of synonymous vs. nonsynonymous mutations;

- Location of mutation, e.g., recurring at one amino acid or in the active site;

- Patients with a mutation in a shared gene have related characteristics—e.g.,
younger than average age or similar pattern of clinical progression.
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Note that except for copy number changes, there is no evidence as yet that overall mutation
rates differ across the genome.

e For many tumor types, the most common mutated genes are already known. Finding
less common, less pervasive mutations may not serve to reveal many therapeutic
targets but can shed light on the complexity of the cancer landscape;

e Less common, less pervasive mutations seem to cluster in common pathways. In other
words, certain pathways are enriched for genetic alterations. This kind of work reveals
driver pathways.

Discussion:

e |s stroma important to study? Vasculature changes, epigenetic alterations might be
important. However, most reported mutations in stromal tissues have not been
replicated;

e What is the best use of funding for upcoming projects? One can’t at this point
sequence the whole genomes of 500 tumors for $20 million. While technology
develops, centers can analyze variants and expression and explore other methods of
genome-scale analysis. Whole exome enrichment and sequencing, and rearrangement
analyses could be intermediate projects. Effort should be spent at the outset on the
collection of high quality biospecimens. Technological improvements can reduce the
need for high tumor-to-normal cell ratios in specimens, but they can’t reduce the
need for quality clinical annotation. Samples based on xenografts and cell lines rather
than primary tumors should not be ignored as good resources for DNA studies; even
for expression analyses, one can often predict and filter out discrepancies;

e What should be the goal for degree of analysis in the ICGC? It is important to make the
data usable by the community early. Data coordination will be important for efficient
transfer of information to the user community. Important that, like with the Human
Genome Project, the data that emerges is useful at every step;

e What synergy is there between ICGC and the 1000 Genome and microbiome projects?
There is synergy at the level of technology. Both ICGC and 1000 Genome project seek
rare variants, but the latter is a far easier project, requiring much less sequence
coverage.
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lll. Status of Committed ICGC Projects - Expressions of Interest,
Tumor Types

Pancreatic Adenocarcinoma (Canada)

Goals and activities:
e To comprehensively analyze at least 500 to 1,000 tumors with matched controls;
e C(Clinical collaboration;
e To acquire quality samples; pancreatic cancers have high risk of contamination;

e To collect 100 to 150 tumors per year and generate xenografts. Plan to bank primary
tissues and primarily use xenografts. Want to have a mouse model that can return to;

e Canadian researchers met in Toronto on October 28, agreeing on the value of a cancer
genome consortium, but work is required to address the resources and research
capacity available in Canada.

Viral Hepatitis-Associated Hepatocellular Carcinoma (Japan)

Goals and activities:

e To study in greater detail the genomic differences of hepatocellular carcinoma (HCC)
associated with Hepatitis B vs. Hepatitis C;

e To collect samples; establishing HCC xenograft and cell line is challenging. Research
protocols are being evaluated by each institutional ethics committee;

e To study gene expression (RNASeq) and analyze epigenome. Sequencers are being
equipped at each institution;

e To analyze data in collaboration with French group.

Alcohol-Related Hepatocellular Carcinoma (France)

Goals and activities:

e Multidisciplinary centers have been launched, with centralized data collection to
ensure their protection and that fulfilling international guidelines;

e Samples are frozen and used for DNA preparation. Researchers have collected 1,200
tumors from more than 1,000 patients, with etiologies categorized;

e The group is classifying the transcriptome of tumors;

e A pilot study of 400 samples is ready for full DNA sequencing and methylation
analysis.
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Her2 Positive Breast Cancer (France)

Goals and activities:

Focus on a heterogeneous group of tumors that overexpress Her2 receptors;

Since 2001, national programs have supported the development of tumor banks in
France. The banks include 30,000 frozen breast tumor specimens; about 3,000 express
Her2 strongly. Researchers estimate that they can prospectively collect 400 specimens
per year that strongly express Her2;

Goal is to find the best protocol for treating women with Her2-positive tumors. Some
2,000 patients have been enrolled in a study on this problem, with more expected;

Within the next year, group plans to identify a small number of tumors that comply
with the consortium’s high quality standards for genome-wide characterization
studies. The tumors will be studied with controls to verify observations. Sequencing
will start in April 2009. Results will be reported in a national database. The study will
be developed within the breast cancer consortium organized by Michael Stratton of
Sanger; these groups will share inclusion criteria for tumor selection, quality control,
data elements included in the database.

Multiple Subtypes of Breast Cancer (UK)

Goals and activities:

The international working group plans to survey the genetics of a broad range of
breast tumors to better classify this heterogeneous disease. The group has developed
a pragmatic classification scheme based on the expression of Her2, progesterone and
estrogen receptors. Morphology and E-cadherin status are also considered;

Aim to go beyond 500 cases and to conduct complete genome analyses of 1,500 to
2,000 breast cancers because of the diversity of the disease;

Samples of 13,500 primary breast cancers will be gathered retrospectively, along with
normal samples;

Immediate plans include a pathology review in January in Amsterdam and the analysis
of 50 primary breast cancer specimens in 2009;

Funding will come from the Wellcome Trust and the Institut du Cancer (INCa) and
possibly other sources. The working group will operate jointly but using two
sequencing centers. Each center plans to target particular types of breast cancer (e.g.,
globular breast cancer, triple-negative tumors).
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Pancreatic Cancer (Australia)

Goals and activities:

e Australia has been ramping up its genome research capacity, and $30 million AUD
have been reserved for participation in an ICGC project to sequence 500 genomes
from one tumor type along with 500 controls;

e Australia is likely to focus on pancreatic cancer. Several hundred samples are available
in tissue banks, and researchers have access to all new pancreatic cancers excised
among Australian patients;

« The project is to be started in early 2009. Researchers may also target a second kind
of tumor.

Gastric Adenocarcinoma (China)

Goals and activities:

e The Chinese Cancer Genome Consortium has established a scientific planning
committee and several working groups for a project on gastric cancer, with funding
secured from the Chinese government;

o The first task will be to develop plans for collecting samples from different areas and
different hospitals;

e Before sequencing, researchers will examine expression profiles of primary gastric
tumors;

e The research group is also adopting a sample collection used in a previous Chinese
study.

Oral Squamous Cell Carcinoma (India)

Goals and activities:

e |n addition to choosing 500 cancer cases and 500 controls, the program will study
some pre-malignant specimens. The project will be undertaken in two phases,
focusing on 100 tumors and controls in the first year, and later analyzing 400 tumors
and controls. The first phase will focus on discovery, and the second will likely focus
on validation of variations found in the first phase;

e From each patient, the following will be collected: tumor tissue, site-matched normal
tissue, blood, RNA. The project will avoid retrospective banks because data were not
collected as stringently as the ICGC project requires;

e Plan to conduct flow-cell sequencing of all exons at 30x coverage; array-based whole
genome genotyping of SNPs and CNVs; and possibly RNA/proteomic analysis;

e Funds have been allocated and the Indian Department of Biotechnology is
championing the project. A governing body is in place, organizing groups are coming
together, and dedicated space has been identified. This project will interact with a
community of researchers in India that study oral cancer.
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Chronic Lymphocytic Leukemia (Spain)

Goals and activities:

The Spanish Ministry of Science and Innovation has assigned 15 million Euros to fund
a Spanish research consortium that will study CLL. The Spanish initiative will
cooperate with UK and German groups from the European Initiative for CLL. Together
they form the CLL-ICGC Consortium;

The project will be organized around three areas: clinical and pathology; technological
aspects of sequencing and analysis; and complementary studies, such as expression
and methylation. The Spanish National Bioinformatics Institute will coordinate data;

More than 500 DNA samples from tumors have been obtained. The samples are fully
clinically annotated and were obtained from a hospital in Barcelona from 1987 to
2008. Cryopreserved tissue specimens are available for most of the DNA samples, as
well as matched normal DNA from 70 patients. Matched normal tissue can be
obtained from most of the patients, who are alive.

Discussion:

Several other projects are coming together for the ICGC that were not discussed
today, among them ones from EU, Mexico, and Germany;

ICGC requirements: The consensus is that requirements have been reasonable and
workable and in line with other regulations;

The need for ICGC staff dedicated to coordination: An agreement to follow up on this
in coming months;

Whether to retain 500 specimen requirement: If it is impossible to get 500 specimens
of a rare cancer type or subtype, then a group can suggest what a practical number is
and calculate the resulting coverage. If abundant tumors are available, targeting 500 is
a good idea to reveal mutations occurring at 3 percent frequency. If a cancer involves
25 pathways, for example, covering mutations at 3 percent frequency could be
important;

Pediatric tumors: These are not the focus of ICGC TCGA research because of U.S. laws
against disclosure of pediatric data. Such studies could be more easily done in other
countries and could help pediatric cancer drug development;

Prostate cancer: This is a cancer of interest to groups in many countries but has not
been picked by any. One possibility is to put together a project spanning multiple
countries;

The number of cancer types to be studied: There may be interest in studying more
than 500 types and subtypes of cancer. Researchers should not feel that any one type
of cancer has been claimed leaving no room for further work. When one type of
cancer is studied by different groups, the ICGC can promote collaboration and
coordination;

Clinical trials: The ICGC doesn’t emphasize using samples from clinical trials because
samples can be restricted in number and type.
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IV. Quality of Samples

Obtaining quality samples is a major bottleneck. Obtaining high-quality specimens expedites
sequencing.

Recommendations:

e Groups obtaining specimens should include pathology experts. All samples should be
reviewed by two or more reference pathologists. DNA should be extracted from the
same tissue used for obtaining a diagnosis;

e Specimen classification should follow international standards of the World Health
Organization. Novel molecular subtypes should be well defined;

e Patient-matched controls should be collected;

e Initially, tumors analyzed should be as homogeneous as possible. Initial studies should
use untreated malignancies and exclude relapses;

e Specimens should have less than 20 percent contaminating or necrotic cells.
Histology, including degree of necrosis, debris, inflammation, fibrosis should be
documented. Ideally, each specimen should comprise 200 mg of solid tumor tissue or
107 flow-sorted cells;

e Follow SOPs from WHO/IARC for freezing samples. Tissue should be freshly frozen;

e Priority should be given to extracting quality DNA. Independent partners should
standardize QC of macromolecule preparations;

e Follow coordinated regulations for tissue exchange among nations;

e C(Clinical data collected should include a minimum set of general and diagnostic
variables. Information on therapies and therapy response is valuable for drawing
clinical correlations.

Open questions:
¢ Should protocols be shared across projects?

e Should biological resource centers be shared among projects?

e Should common variables be tracked across projects (e.g., key exposures, such as
tobacco exposure)?

The Experience of the TCGA in Acquiring Samples (USA)

Obtaining appropriate samples has been the rate-limiting step of TCGA.

Challenges and lessons learned:

e To overcome the difficulty of finding samples that meet TCGA requirements, now
focus on a few source sites and industrialize the prospective acquisition of samples.
TCGA educated sites on specimen collection. The contributors of specimens benefit
because they alone can maintain a link between patient identity and the data
obtained from that patient’s tissue. Others only receive coded information;



1st ICGC Scientific Workshop November 15-17, 2008 — Bethesda, MD

e Created working groups to help identify sample sets for each tissue type. Multiple
coordinated management teams met regularly to identify roadblocks and discuss how
to remove them;

e To help source sites get Institutional Review Board (IRB) approval, started to
prereview consent forms. Created educational information sheet for IRBs;

e Obtaining samples was difficult in part because of the need for large specimens to
allow centers to share molecules from the same patient and to allow for interpretable
data on all platforms;

e U.S. banks generally verify the quality of samples when they are distributed and not
when they are acquired, so the true quality of samples in most banks is not known;

e (Clinical data associated with specimens were variable and often lacking. TCGA has
required consistent clinical data elements;

e TCGA requirements were difficult to meet retrospectively, and impossible for some
types of cancer;

e Providers must also meet administrative requirements. Each administrative step can
be time-consuming, and some institutions allow negotiations to occur only in series,
not in parallel;

- IRB approval: Many institutions may have contributed to a tumor collection;
infrastructure is needed if reconsent is required for living patients;

- MTA negotiation: There may be issues about intellectual property and liability;

- Contract negotiation: Reimbursement issues.

e The average time for tissue acquisition is about 8-9 months, with large variation;

e Administrative work that establishes a process for obtaining one type of tumor from
an institution may not always carry over into processes for a second tumor type;

e In retrospect, would have started two years ahead to identify tissue source site and to
work with them to qualify their sample sets and clinical data and to complete all
required administrative steps; would set up prospective collection of samples
immediately; and take top-down approach to institutional commitment. Would
reduce the unknowns before opening the analytic pipeline;

e Each center that contributes samples to TCGA is required to provide at least 50 tumor
and 50 matched normal samples.

Standard Operating Procedures for the International Network of Biobanks Coordinated by
the International Agency for Research on Cancer (IARC), World Health Organization

The IARC coordinates large networks of epidemiological studies and biobanks, including:

e A multi-center prospective study in Europe initiated in 1993 investigating the
relationship between nutrition, lifestyle factors, and etiology of cancer and other
chronic diseases;

e Aninternational lung cancer study that includes questionnaire data and biological
samples and whose future directions include genotyping from a list of priority SNPs
and whole-genome scans in subgroups;

10
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e An international head and neck cancer epidemiology consortium that has access to

blood samples and a portion of tumors and is analyzing lifestyle risk factors;

e A collaboration between IARC, France and the U.S. (NCI) on the genetic epidemiology

of tobacco-related cancers, where 1,000 SNAP-frozen cases of renal cell cancer are
available.

Guidelines:

e Techniques and SOPs are shared and available on-line;

e The IARC Common Minimum Technical Standards and Protocols for Biological

Resource Centres Dedicated to Cancer Research are available on-line:

http://www.iarc.fr/en/Publications/PDFs-online/IARC-Working-Group-
Reports/Common-Minimum-Technical-Standards-and-Protocols-for-Biological-
Resource-Centres-dedicated-to-Cancer-Research;

e Protocols for processing specimens are evidence-based.

The International Genomics Consortium (USA)

The International Genomics Consortium (IGC) is a nonprofit company started in 2001 with the
goal of translating genome information into patient care by processing samplesin a
standardized and robust way. IGC collects, transports, and analyzes samples and has been
selected as the Biospecimen Core Resource supporting TCGA.

Challenges and processes:

In clinical outreach, compliance and training have to be in place and regulatory
documents have to be managed,;

Shipping procedures (e.g., transfer in liquid nitrogen) are very important. Shipment
must be tracked carefully. IGC even visits commercial couriers on site;

Histology, pathology analyses are important. H&E staining, digital imaging, and other
QA steps are routine;

In extracting molecular analytes, check to ensure no switches occur. Precipitate out
RNA;

Data transfer and IT have also been a challenge. Technology must be continually
improved to keep up with IT demands.

Other challenges:

Transfer of materials through customs can be challenging. Pilot tests can be used to
verify that samples can be shipped successfully;

Fate of unusable specimens: At this point, IGC keeps samples, having no authority to
destroy them;

Possibility of discovering misdiagnosis: NCI has been consulting with legal counsel at
NIH to define the limits of responsibility;

11
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o The possibility of coordinated QC: Having QC at outset can lead to large

improvements in results. Coordination in QC criteria among ICGC groups can be
helpful.

V. Informed Consent and Participant Protection

Report from International Consent and Data Access Working Group

For ICGC to facilitate and accelerate biomedical research, procedures must be established to
share the data collected by ICGC members while respecting and protecting research
participants. Procedures for sharing data must maintain public trust. Policies and procedures
have to be public and agreed to by all.

Challenges and future activities:

ICGC must compare policies in different countries to find common ground. The
consortium should define core elements that are required among member institutions
when obtaining consent;

The ICGC will work to provide a standard data access form;
The ICGC will work on processes for enforcement;

The ICGC will provide guidance language to members to facilitate ethics review of
protocols. The ICGC can provide a short (4-minute) video to introduce the consortium,
e.g., to ethics review committees;

ICGC must consider whether samples will be shared among members and, if so, what
kind of QC standards to establish for sharing.

Consensus on principles:

There needs to be trust within the consortium, with members accepting the rules and
processes used in other countries. Principle of safe harbor;

Compliance policies must be simple, so all members can get access to controlled data
sets, without the need for specialized agreements with and among the consortium
members.

Recommendations for ICGC data access policies:

Access to data should take into account the purpose of the research, the compatibility
of the research with ICGC policies, and the protection of participants and the security
of the research;

Researchers granted access should be required to:

- preserve the confidentiality and security of data;

- publish results in a timely way and notify the ICGC Data Coordination Center of
publications;

- not attempt to identify or contact individual participants;

- not transfer or disclose any controlled data or identifiable information derived
from them, except to collaborators and staff named on an application.

ICGC will provide access to two kinds of databases: open and controlled databases;

12



1st ICGC Scientific Workshop November 15-17, 2008 — Bethesda, MD

The IDAC will develop policies investigators will follow to obtain access to controlled
data; the ICGC Executive Committee will review and approve procedures developed
by IDAC;

The Data Coordination Center (DCC) will maintain a comprehensive management
system, record requests to controlled data, report to the IDAC regularly, refer unusual
issues to IDAC as they arise, publish a list of the researchers and institutions
authorized to access controlled data, and publish short lay summaries of ICGC
research proposals;

A Data Access Compliance Office (DACO) will handle requests for access; it will be
responsible to DCC but at a separate location.

Uniform Transfer Agreements (UTA) require:

- the names of all investigators, collaborators, and staff involved in a proposal;

- written confirmation from an institution that assumes responsibility to fulfill the
terms of the UTA;

- ascientific abstract and 100-word lay summary;

- documented ethics review for the proposal;

- agreement not to identify or contact patients/participants;

- agreement not to redistribute controlled access data;

- agreement that data will be used by those named in the proposal;

- plans for destruction of controlled-access data;

- agreement not to patent primary data;

- agreement to inform the DCC of issues relating to data integrity;

- agreement that any publications will acknowledge the use of ICGC data; DCC will
be informed of publications;

- anapproved IT security plan that will prevent release of data to unauthorized
users.

More simply, a researcher with an idea should obtain ethics approval and send their information
into the DACO to get an ID. ID goes to DCC, which informs researchers that they are authorized
to access controlled data.

IDAC solicits feedback on whether this is a workable approach to data access and provides
enough checks and balances.

Discussion:

o Will data be validated before it is entered into the federated database? Each project

will validate its data initially before it goes to the DCC. DCC can do some checks, such
as verifying nomenclature, checking for evidence of QC. Additional annotation may be
done;

Once an institute gets approval, how easy will it be to add new people to approved
list? For example, to add new members of lab. This is not clear, but probably
additional approvals would be done locally with a requirement to notify the data
compliance office and DCC;

13
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o Will requirement for IRB approval excessively delay access? To maintain public trust

in these large, international endeavors, working group felt that getting internal ethics
approval is necessary. This step may be necessary only at the outset of the ICGC,
perhaps for the first 3 years, while building the consortium. If researchers have
complaints and are systematically running into the same barriers, IDAC could change
policies. Concerns remained that requiring ethics review would create excessive
burdens. For example, if a condition of access is an approved IT-security system, what
if there is no such approval system at an institution? By making threshold to access
too high, may inadvertently encourage researchers to share access with unapproved
researchers. It may be possible to track who uses access. There hasn’t yet been
discussion about sanctions against people who breach the system. Making an
institution as well as a researcher sign a UTA may be a good check;

e The working group will use this feedback to refine its guidelines.

VI. Tumor Characterization Technologies

Cancer Genome Sequencing at Washington University (USA)

Past approach: Resequence exons on list of candidate cancer genes from large collection of
patient samples. This approach could not reveal mutations beyond genes on target list or
outside exons within the target list. Also, PCR-based sequencing is relatively expensive, gives low
coverage, and doesn’t reveal sequences for multiple copies of the same gene.

New approach: Sequencing whole exome, transcriptome, or whole genome. Washington
University uses three new platforms for sequencing, mainly lllumina technology. Coverage is much
higher (20x vs. 6x); length of sequencing reads is 50 base pairs now but likely to increase. Instead
of obtaining 100 reads per run, massively parallel format yields 100,000,000 reads per run, or 10
gigabases per run.

Results:

e Sequenced the whole genome of a patient with acute myeloid leukemia (AML) who had

normal cytogenetics. Obtained 32x coverage of tumor genome and 14x coverage of normal
skin. Followed progress by tracking 46,000 SNP loci. Used PCR-based sequencing to validate
variants/mutations. This work was published this month in Nature (456:66-72);

- Focused on somatic single nucleotide variations in coding regions (non-
synonymous) or in splice sites. Found 8 such validated variations and 2 somatic
insertion mutations;

- Todistinguish whether drivers or passengers, compared to 180 additional AML
samples and found only 2 of 10 genes mutated in others. However, AML is known
for great genetic heterogeneity. Nine of 10 mutations were present in patient
from outset of tumor formation.

Plan to sequence 5 more AML genomes and genomes of other types of cancer, including GBM.
For one GBM tumor, have obtained 6.6x genome coverage so far.

14
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Sequencing Whole Cancer Genomes at Sanger (UK)

Approach: Complete shotgun sequencing of cancer genes to detect all classes of somatic
mutations, including point mutations, rearrangements, and copy number changes.

Results and lessons learned:

Have sequenced 2 cancer genomes on 2 different sequencing platforms: small cell
lung cancer cell line that is publicly available (AB SOLiD platform) and a malignant
melanoma cell lines (lllumina/Solexa). For the small cell lung cancer cell line, prior PCR
sequence was available of exons;

Explored how much coverage is required. Equal coverage of tumor vs. normal
genomes appears best. To avoid calling SNPs as mutations, recommended 30x
coverage for both normal and tumor genomes;

Different types of mutations have to be analyzed separately. Low coverage reveals
copy number changes and rearrangements. Complete coverage is necessary to find
substitutions and small insertions/deletions. For example, it is more difficult to map
short reads when there is a variant, giving a bias for finding the reference sequence;

To avoid the effort of validating rearrangements with PCR-based sequencing,
reanalyze reads at those points.

Paired End diTags (PETs) in Mapping Cancer Genomes (Singapore)

Approach: Use any kind of DNA, currently obtained without cloning, and sequence on any
platform (currently use lllumina and SOLiD). PETs are mapped to a reference genome.

Results and lessons learned:

It is better to make a library with fragments that cluster sharply around 1 kb or 10 kb
in size rather than 20 k to reveal signals in noise. However 10 kb fragment libraries
seem best: They give more coverage than 1 kb fragments and are more sensitive to
finding breaking points. Resolution did not decline as much as feared in 10 kb libraries
vs. 1 kb. However, if samples are limited, policy is to create libraries with smaller
inserts;

PCR-based sequencing is used to validate inversions, deletions, translocations, and to
identify exact break points. Cytogenetics can confirm many translocations;

The group is applying this approach, with 10 kb DNA-PET libraries, to solid breast
tumor, other cancer types, and cell cultures;

They have found more translocations in breast cancer cell lines than fresh tumor cells;

RNA-PET can reveal fusion genes, which they validate by FISH. RNA-PET is good at
defining transcript ends and revealing alternative promoter usage;

RNA-PET and DNA-PET are efficient and inexpensive ways to map cancer genomes and
reveal structural variations;

To have good representation in library, they have found that 15-17 PCR cycles work
well. Redundancies increase if go up to 20-25 cycles.

Going forward, the Genome Institute of Singapore proposes serving as a DNA-PET and RNA-PET
technology center for ICGC.
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RNA-Seq and Cancer (Canada)

Approaches:

Illumina Genome Analyzer which produces massively parallel short reads, and BCCA-
GSC platform that can give 60 GB sequence, or 10x genome coverage, per week.
Improvements in chemistry and analysis will increase capacity in the near term;

Have moved from single-end sequences to paired-end tags;

Have been using RNA-Seq and RNA-Seq lite (which uses far less RNA) for shotgun
sequencing of transcriptomes.

Results and lessons learned:

Can share SOPs for library construction, which this group has generated;

Sequencing throughput has increased dramatically recently and expect doubling in
capacity by January. Error rates have declined;

Advantages of RNA-Seq: quantitative; can reveal splice variants, new exons, and
fusion genes; see specific alleles; depth can be added in the future;

Disadvantages of RNA-Seq: expensive; doesn’t show full-length transcript or
directionality;

In library construction, have learned to sonicate to shear cDNA to prevent
overrepresentation of 5’ and 3’ reads;

Engaged in large-scale sequencing of RNA libraries from B-cell lymphomas.

Epigenomics and Cancer (Spain)

Approach: Study DNA methylation, histone modification, and genes involved in epigenetic

pathways.

Lessons learned:

Many mutations may occur in epigenetic pathways;

Histone modification maps are still at an early stage. It is not yet possible to define the
histone profile for a cancer type; there are no digital techniques for such analysis;

Resolution of epigenomic studies is not as high as for sequencing, but DNA
methylation studies are much more advanced than histone modification mapping;

Measuring DNA methylation can reveal the silencing of a gene as a cancer-specific
change. See project: http://www.cancerdip.eu;

Investigated methylation of genomes of viruses responsible for cancer (e.g.,
lymphoma, cervical and liver cancer) and saw changes in methylation, without an
accompanying change in sequence, associated with the development of disease;

Human embryonic stem cells have different methylation profiles from differentiated
cells and from cancer cells; these differences can be mapped.
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Genome-wide Analysis of DNA Methylation in Tumor Tissues (Netherlands)

Approach: For genome-wide methylation analysis, capture methylated DNA fragments using
immunoprecipitation with antibodies (MeDIP) or protein affinity columns (MethylCap). MeDIP-
ChIP can be genome-wide and semi-quantitative.

Results and lessons learned:

e Cancer cell lines have exceptionally high local DNA methylation, which doesn’t reflect

methylation in normal cells or in cancer tissues. For example, in HoxA cluster, every
CpG island is highly methylated in cell lines, but methylation is much lower in normal
cells and tumors. This is true for different genes and different cancer types;

Elution profiles can be used to find differentially methylated regions in tumor
samples, which do show peaks of methylation not found in normal cells. Most of the
tumor methylation differences are found in an elution fraction (3rd rather than 4th)
that is not highly enriched for CpG islands. Have found about 3,000 clear differences
in tumor vs. normal methylation patterns;

Automation can be used to process thousands of samples in a reproducible way, using
magnetic beads and robots for fractionation;

MethylCap gives high resolution, accuracy, deep coverage at an affordable price.

Resolving complications:

Quantitative RNA readouts could be used to check the expression effects of RNA
methylation and perhaps thereby distinguish changes that are drivers vs. passengers
in cancer development;

Different methods seem to identify different methylation fragments. Different
approaches could be used in combination to see a fuller array of changes.

Discussion and Going Forward:

There are techniques to construct full transcripts from RNA-Seq;

Consensus that defining the exome should be a top priority. Companies should be
interested in making chips that reflect a standardized definition;

In general, agreement that 30x coverage of cancer genomes is a good goal;
Distinguishing passenger vs. driver mutations is difficult beyond coding sequence;
Valuable to test how methylation affects RNA expression;

Suggestion to use mouse more as a model for finding and analyzing cancer mutations.
There is not yet good understanding of the landscape of mutations associated with
cancer in mice;

Consensus that it will be important for groups to bring back information on
technology every six months, e.g., on costs, accuracy, comprehensiveness, depth;

There should be coordination among technologies and among samples used;
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e There is tension between encouraging diversity in technology development vs.
encouraging methods that allow comparison of data among groups. At this stage, the
consortium should explore technologies. Ultimately, the group should learn from its
experiences and in two to three years achieve a consensus on how best to proceed.

VII. Analysis and Data Management

The challenge: To analyze large data sets, created with multiple, rapidly-evolving technologies
and to distribute the information to the wider scientific and medical community for
interpretation.

Data Coordination Center

Responsibilities of the DCC:

e To coordinate the collection and management of ICGC data by creating and enforcing
shared data models and providing the infrastructure for collecting, analyzing, and
releasing data;

e To audit the ICGC project: measuring progress toward goals and measuring integrity
and completeness of the data;

e To provide a unified front on the ICGC to the wider community, through a web site,
data access tools, and with project-wide releases.

Going forward:

Plan to establish franchise database, where individual projects can place their data ready for
release. Data will be standardized and subject to validation and quality control. Individual
members will retain primary, raw data. The franchise database will catalog the first level of
interpretation (such as mutation calls, expression levels) and derive interpretive data such as
comparisons between tumor and normal, comparisons among samples, categorizing of
synonymous vs. nonsynonymous variations.

Centralized vs. federated databases

e The franchise model can work with either a centralized or federated model of
databases;

- Inacentralized model, the DCC could collect data every three months into a
central repository;

- Inafederated model, data producers maintain each of the franchise databases; a
query system would be used to distribute data across groups.

e A series of test cases (focused on the discovery of biomarkers and variations) found
acceptable performance in both centralized and federated architecture;

- Federated architecture is fast; centralized architecture is faster;

- Centralized architecture gives scalable performance (can grow into a very large
database) and simple integration; however, it would require the transfer of large
datasets;

- Federated architecture allows individual centers to maintain data and minimal
data movement, but requires synchronization of reference information across
centers and gives less predictable performance.
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Creating a unified data model

o [t will be necessary to create common data elements: reference data sets and

common vocabularies for describing molecular characteristics, specimens, and clinical
data sets. Much of this standardization has occurred under TCGA;

e Will ask working groups to provide recommendations on things like naming

conventions;

For papers, data will be frozen at intervals for analysis and for reference after
publication. Each center will maintain its own release cycle, and the DCC will
announce a freeze in advance. All versions at that time will be copied to a permanent
site; these snapshots will be kept in perpetuity.

Access to large sets of primary data

Unmovable primary data will be archived.

Protecting Patient Confidentiality

Plan binary access: open data and controlled data, which include any information that
could be assigned to a patient;

Researchers can obtain ICGC-wide access to controlled data. Authentication could
occur through OpenlD, a standard embraced by Google, Amazon, etc. where
individuals are unlikely to want to share their passwords. Authorization: Data access
office of ICGC can approve users.

ICGC participants will need informatics support staff on site who can serve as liaisons with DCC.
Participants can offer data to the DCC in advance for testing.

CaBIG (USA)

Key elements:

The Cancer Biomedical Informatics Grid (CaBIG) is an NCl-supported project to
integrate information in the cancer research community and to develop a common
approach to cancer bioinformatics. The community leads priorities and activities;

Information categories: clinical research, imaging, molecular biology including
genomics, and pathology;

Tools include microarray data management system, imaging information archives, and
analytic tools that connect to such information. Architecture is service-oriented, e.g.,
focus on interfaces between applications. A common collection of services is open to
anyone. CaBIG tools can be used on own data as well as to access archived data;

CaBIG coordinates data for TCGA. Portal for analysis: http://cma.nci.nih.gov;

Genome views of data can give an integrated perspective, e.g., somatic mutations,
exon-array expressions, copy number, methylation; can show raw data such as
sequence traces; can show mutations projected onto protein structure views or
against pathways and show gene expression analyses related to clinical outcomes.
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Wellcome Trust Sanger Institute (UK)

Key elements and lessons learned:

COSMIC (Catalogue of Somatic Mutations In Cancer) summarizes whole-genome
mutation data generated at Sanger as well as in the literature;

Data is released automatically. Must sign a data transfer agreement for access. Expect
that data will eventually migrate into a common resource;

Data federation provides consistent interfaces among relevant data in separate
databases without the need for synchronization. Wellcome Trust uses DAS, a
standardized Web service with other major users in Europe, for visualization. Mart is a
Web service suited for querying;

Next level of annotation: adding phenotype to databases;
Virtualization allows others to run on one’s computers in a secure way;

A technical solution to revealing phenotype information without compromising
patient privacy would be to allow researchers to process data in a secure environment
without access to individual data points. There is precedent for this kind of analysis
behind a screen in social science;

Federation may be unavoidable for ICGC, given its scale.

TCGA Data Analyses (USA)

Key elements and lessons learned:

Centers that generate data are best able to assess the data and are responsible for
quality control;

Data analysis teams in TCGA are spread out. Based on DNA sequence, they say which
genes are significantly mutated, analysis that depends on assumptions about
background mutation rate, sequence-specific rates, and the exclusion of
hypermutated samples;

Have established good algorithms and pipelines to tackle problems such as finding
regions that tend to have recurrent copy number changes and loss of heterozygosity;

Have found subtypes of GBM based on gene expression data and related to particular
mutations;

Have developed algorithm for finding alternative expression, such as skipped exons
and alternative 5’ ends, and can trace abundance of different transcripts;

Have developed a tool (Cytoscape) to map mutations onto context of biological
networks;

In tracking the network of mutations discovered by TCGA, can see mutations tightly
connected in network space;

Mutations are not yet being linked to genetic risk.
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Discussion:

e Mechanisms for feedback from users: DCC is planning to have a helpdesk; Wellcome
Trust is tracking web hits for how people are using COSMIC resource; caBIG attends
meetings and engages in outreach through listservs, webinars, focus groups;

e How to lower barrier to researchers’ use of tools: Cancer researchers, unlike genomics
community, may be unlikely to use ICGC tools. Consortium can track how community
actually uses resources and ask what analyses they’d really like to be able to do.

VIIl. Wrap-Up and Moving Forward: Which issues were resolved
and which ones still need to be discussed?

Meeting Summary

Goals of ICGC:

e |CGC plans to characterize 50 tumor types or subtypes, with 500 samples analyzed per
project. The number of samples per project could change;

e |CGC plans to have common policies: standards, standard operating procedures, and
open data access.

Status of science:
e Patterns of mutations in cell culture generally replicate those in primary tumors;

e Distinguishing driver and passenger mutations is difficult and requires careful
integration with biology.

Status of projects:

e Ongoing cancer genome studies have revealed changes that map to key pathways,
providing proof of value of cancer genomics studies;

e An array of exciting and important projects is planned;

e Obtaining high-quality biospecimens for a particular cancer type or subtype may take
two years. The consortium should agree on quality metrics for biospecimens and
should not enable the use of biospecimens for profit;

e Technology development is likely to have a huge effect on future progress;
o RNAI sequencing projects have made impressive progress;

e Epigenome studies need more technological progress to achieve high throughput but
are a rich source of information;

e Extent of data analysis by the consortium remains to be defined. Methods for data
access, extent of tool sharing remain to be defined.
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Conclusions and next steps:

e A press release to be issued November 18 to announce that the ICGC has launched
eight cancer genome projects;

e The consortium structure is appropriate: top-down enabling and bottom-up driven;

e Each funder or member on the executive committee should be able to enable the
completion of a whole project. Membership should be international, diverse, and
open to future participants;

e Near-term goals include the establishment of scientific committees, the establishment
of data access policies, and maintaining communication within the consortium about
projects and funding;

e The next meeting is scheduled to occur at the Wellcome Trust Genome Campus in
Hinxton, UK in June 2009;

e |nthe future, the consortium will need to address what additional tumor types to
study; what additional countries or regions will join, perhaps with outside support in
completing projects; how to define completion by individual groups and by the
consortium; how to promote translation of findings into clinical application.
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APPENDIX |

AGENDA

First ICGC Scientific Workshop

November 15-17, 2008
Bethesda, MD

Saturday, November 15

Reception

Reception

Bethesda North Marriott Hotel &
6:00—-9:00 p.m. Conference Center

5701 Marinelli Road, Bethesda, MD

Sunday, November 16
Registration and Continental Breakfast

8:00 — 9:00 a.m. Registration and Continental Breakfast

8:00-9:00 a.m. Poster Set Up

I. Welcome and Purpose of Meeting

9:00 -9:07 Welcome from Conveners
9:08 —9:15 Opening Remarks
9:15-9:40 An Overview and Update on the Consortium

e Goals of the ICGC and purpose of the meeting

Reception - Brookside Room

Pre-Function area

Salon D

Salons A—C

Anna Barker (USA)
Deputy Director, NCI

Alan Guttmacher (USA)
Acting Director, NHGRI

Tom Hudson (Canada)
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1. Initial Experiences from Large-Scale Cancer Genomics Projects

9:40-9:45
9:45 -10:15
10:15-10:45
10:45-11:00
11:00 - 11:30
11:30-12:00
12:00 - 12:45

Moderator
(Theme: What has been learned?
What are the challenges?)

Cancer Genome Project at the Sanger

The Cancer Genome Atlas

Coffee Break

Integrated Genomic Analyses of Human Cancer

Panel Discussion (led by Moderator)

Boxed Lunch

International Data Access Committee Break Out Session

9:40-11:30

Moderator
Breakout for IDAC Guidelines
e Refine ICGC policies for protecting the

confidentiality of tissue donors via data access

control mechanisms

e |DAC Breakout Group rejoins plenary at 11:30

e Report Back on IDAC Guidelines at 4:45

Fabien Calvo (France)

Mike Stratton (UK)

Lynda Chin (USA)

Pre-Function Area

Victor Velculescu (USA)

Salon D

Linden Oak

Bartha Knoppers (Canada)
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lll. Status of Committed ICGC Projects
Information on Tumor Types — Expressions of Interest

12:45-1:00

1:00 - 1:06

1:06-1:12

1:12-1:18

1:18 -1:24

1:24 -1:30

1:30-1:36

1:36 - 1:42

1:42-1:48

1:48 - 1:54

2:00 -3:00

3:00-3:15

Moderator
Global status of tumor types

Each participant will have 4—6 minutes to present
planned research on tumor types and practical issues
faced with retrospective or prospective collections in
their ICGC projects

Pancreatic adenocarcinoma

Comprehensive genomic analysis of viral hepatitis-
associated HCC

Hepatocellular carcinoma (HCC)
(alcohol-related)

Her2 positive breast cancer

Breast (multiple subtypes)

TBD

Gastric adenocarcinoma

Squamous cell carcinoma (oral cavity)

Chronic lymphocytic leukemia

Panel Discussion (led by Moderator)

Coffee Break

IV. Quality of Samples

3:15-3:20

3:20-3:40

3:40 - 4:00

4:00 -4:20

4:20 - 4:45

Moderator

Acquiring samples and sample quality

IARC SOPs

TCGA, the International Genomics Consortium (IGC)
(quality control assessment)

Panel Discussion (led by Moderator)

Tom Hudson (Canada)

John McPherson (Canada)

Tatsuhiro Shibata (Japan)

Bruno Clement (France)

Gilles Thomas (France)

Mike Stratton (UK)

TBD (Australia)

Ningzhi XU (China)

Partha Majumder (India)

Elias Campo (Spain)

Pre-Function Area

Peter Lichter (Germany)

Carolyn Compton (USA)

Pierre Hainaut (France)

Robert Penny (USA)
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V. Informed Consent, Participant Protection and IDAC Report Back

4:45-5:15 Moderator Bartha Knoppers (Canada)
e |CGC Policies and Guidelines Overview
e Report Back on IDAC Guidelines

5:15-5:30 Panel Discussion (led by Moderator)

Poster Session Salon D

5:30-7:00 Poster Session

Data Coordination Center Session Linden Oak
5:30-7:00 Moderator Lincoln Stein (Canada)

Data Coordination Center Session
e versioning
e security
e common coordinates
e common identifiers and nomenclature

Meeting for Funders/EXEC Session Great Falls

5:30-7:00 Moderator Mark Guyer (USA)
Meeting for Funders
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Monday, November 17
Continental Breakfast and Optional Poster Session

7:00 - 8:00

7:00 - 8:00

Continental Breakfast

Optional Poster Session / Remove Posters

VI. Tumor Characterization Technologies

8:00-8:05

8:05-8:25

8:25-8:45

8:45 -9:05

9:05-9:25

9:25-9:45

9:45 - 10:05

10:05 -10:25

10:25-10:55

Moderator

Current Cancer Genome Sequencing Approaches

Sequencing Technologies at Sanger

Pair-end Ditags in Mapping Cancer Genomes

RNA-Seq and Cancer

Coffee Break

Epigenomics and Cancer

Genome wide analysis of DNA methylation in tumor
tissues

Panel Discussion (led by Moderator)

VII. Analysis and Data Management

10:55-11:00
11:00 - 11:25
11:25-11:50
11:50-12:15
12:15-12:40
12:40-1:15
1:15-2:00

Moderator

Data Coordination Center

CaBIG

Wellcome Trust Sanger Institute

TCGA Data Analyses

Panel Discussion (led by Moderator)

Boxed Lunch

VIIl. Wrap-Up Session — Moving Forward
(What issues were resolved and which issues still need to be discussed?)

Pre-Function Area

Salon D

Salons A—C

Simon Foote (Australia)

Rick Wilson (USA)

Andy Futreal (UK)

Yijun Ruan (Singapore)

Martin Hirst (Canada)

Pre-Function Area

Manel Esteller (Spain)

Henk Stunnenberg
(The Netherlands)

Mark Lathrop (France)

Lincoln Stein (Canada)

Ken Buetow (USA)

Tim Hubbard (UK)

Paul Spellman (USA)

Salon D
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2:25-3:00
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Moderator

Summary Speaker

Panel Discussion (led by Moderator)

Meeting adjourns

Anna D. Barker (USA)

Alan Schafer (UK)
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First ICGC Scientific Workshop

November 15-17, 2008
Bethesda, MD

First Name Last Name Affiliation Country Email address
Simon J. Foote Menzies Research Institute Australia simon.foote@utas.edu.au
Samuel Aparicio BC Cancg;l:gs:ezrgcgngyentre, BC Canada saparicio@bccre.ca
Ken Dewar McGill Canada ken.dewar@mcgill.ca
Martin Hirst Genome Scien(fgse(;s;tre, BC Cancer Canada mhirst@bcgsc.ca
Tom Hudson Ontario Institute for Cancer Research Canada tom.hudson@oicr.on.ca
Centre for Translational and Applied
David Huntsman Genomics, British Columbia Cancer Canada dhuntsma@bccancer.bc.ca
Agency
Jennifer Jennings Ontario Institute for Cancer Research Canada jennifer.jennings@oicr.on.ca
Arek Kasprzyk Ontario Institute for Cancer Research Canada arek.kasprzyk@oicr.on.ca
Karen Kennedy Genome Canada Canada kkenned enomecanada.ca
Bartha Knoppers Université de Montreal Canada bartha.maria.knoppers@umontreal.ca
John McPherson Ontario Institute for Cancer Research Canada john.mcpherson@oicr.on.ca
Michael Morgan Genome Canada Canada mmorgan@genomecanada.ca
Francis Ouellette Ontario Institute for Cancer Research Canada francis@oicr.on.ca
Lincoln Stein Ontario Institute for Cancer Research Canada lincoln.stein@gmail.com
Susan Wallace Université de Montreal Canada susan.elizabeth.wallace@umontreal.ca
Wenlin Huang Sun Yen-San University China wl_huang@hotmail.com
Zhongsheng Sun Institute of Psychology, Chinese China Zsunusa@yahoo.com

Academy of Sciences
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Cancer Institute and Hospital, Chinese

Ningzhi Xu Academy of Medical Sciences China xningzhi@public.bta.net.cn
Hong Xue Hong Kong U#;\éif;%;; Science and China hxue@ust.hk
Yingyan Yu Shanghai Jiaotong University China ingyan3 ahoo.com.cn
Liwei Zhang Capital Medical University China zlwtt@yahoo.com.cn
Xiuging Zhang Beijing Genomics Institute China zhangx@genomics.org.cn
Shu Zheng Zhejiang University China zhengshu@zju.edu.cn
Patrik Kolar European Commission CElrJr:gw’?s;gn Patrik. KOLAR@ec.europa.eu
Fabien Calvo Institut National du Cancer (INCa) France fcalvo@institutcancer.fr
Anne Cambon- CNRS -UMR Inserm, Université Paul France cambon@cict.ir
Thomsen Sabatier
Christian Chabannon Institut Paoli-Calmettes France chabannonc@marseille.fnclcc.fr
Bruno Clement Inserm U620 France bruno.clement@rennes.inserm.fr
Ivo Gut Centre National de Génotypage France ivo.qut@cng.fr
Pierre Hainaut InternationaCIaAr?éaer:c(); ;\oRrCF§esearch on France Hainaut@iarc.fr
Mark Lathrop Centre national de genotypage France mark@cnag.fr
Dominique Maraninchi Institut National du Cancer (INCa) France dmaraninchi@institutcancer.fr
Francois Sigaux Hopital Saint-Louis France fsigaux@chu-stlouis.fr
Gilles Thomas Fondation Synergie France Thomasgi@mail.nih.gov
Peter Lichter The German Cancer Research Centre Germany Peter.Lichter@Dkfz-Heidelberg.de
Partha Pratim  Majumder Indian Statistical Institute India ppm@isical.ac.in
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Hiroyuki Aburatani RCAST, University of Tokyo Japan haburata-tky@umin.ac.j
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Jun Kusuda NiBio Japan jkusuda@nibio.go.jp
Hiroki Matsuo RIKEN Japan hiroki.matsuo@riken.j
Yoshirou Meguro NiBio Japan ymeguro@nibio.go.jp
Hidewaki Nakagawa RIKEN Japan hidewaki@ims.u-tokyo.ac.jp
Tatsuhiro Shibata NCC, Japan Japan tashibat@ncc.go.jp
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Miguel Angel mapiris@cnio.es
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Rodriguez Spanish Ministry of Science and . .
Rosa Bernabé Innovation Spain rosar.bernabe@micinn.es
! Cancer Research Center, University ]
' esantos@usal.es
Eugenio Santos of Salamanca Spain esantos@usal.es
Torné Spanish Ministry of Science and . .
Montserrat Escasany Innovation Spain montserrat.torne@micinn.es
Alfonso Valencia Spanish National Cancer Research Spain valencia@cnio.es
Center (CNIO) P *
: United .
Alan Ashworth Chester Beatty Laboratories, London Kingdom alan.ashworth@icr.ac.uk
. . United
Tim Hubbard Wellcome Trust Sanger Institute - th@sanger.ac.uk
Kingdom
Wellcome Trust Sanger Institute United
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