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The TCGA Project Team

 NCI
 Ann Barker
 Joe Vockley
 Kenna Shaw
 Laura Dillon
 Greg Eley
 Carl Schaeffer
 Martin Ferguson
 Peter Fielding

 NHGRI
 Brad Ozenberger
 Jacqueline Palchik
 Jane Peterson
 Peter Good
 Elizabeth Thomson
 Julia Zhang

The Directors:  Harold Varmus, Eric Green, Francis Collins



Outline 

 Review the last presentation to NCAB (Sept 2009)
 Summarize overall organization of TCGA and  the 

tumors being targeted (plus the ICGC targets)
 Update on status of sample accrual and sequencing
 Future sample accrual goals
 Challenges
 Approaches to challenges

Presenter
Presentation Notes
Begin with reference to Ann Barker’s last presentation
End with setting the stage for Lynda Chin



Background
 Cancer is a disease of genomic alterations – identification of all 

genomic changes would enable defining cancer subtypes and 
generate a comprehensive set of alterations that characterize each 
type and subtype of cancer – potential to transform cancer drug 
discovery, diagnostics and prevention

Presenter
Presentation Notes
Emphasize importance of “comprehensive” description as creating the defined set of possibilities for a each type/sub-type
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Background
 Cancer is a disease of genomic alterations – identification of all 

genomic changes would enable defining cancer subtypes and 
generate a comprehensive set of alterations that characterize each 
type and subtype of cancer – potential to transform cancer drug 
discovery, diagnostics and prevention

 Following several workshops and a specific recommendation by 
the National Cancer Advisory Board, TCGA was launched as a 
collaboration between the NCI and NHGRI in 2006.

 TCGA was initiated as a pilot designed to explore the processes 
needed to perform high-throughput, large scale disease-focused 
genome characterization, data integration and analysis
 Biospecimens
 Large-scale genome characterization and sequencing
 Integration of data, laboratories and teams
 Policies (e.g. data standards, data access, informed consent 

Presenter
Presentation Notes
All of these component processes have to be optimized in the context of a coordinated, efficient data production/analysis pipeline if TCGA is to achieve its promise. 



TCGA Pilot Program 
Conclusions

 High-throughput large-scale comprehensive 
characterization is feasible and produces useful data

Presenter
Presentation Notes
TCGA pilot conclusions were drawn on the basis of  “limited” studies of glioblastoma  and ovarian serous cystadenocarcinoma (albeit a larger study than any other up to that point)
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TCGA Pilot Program 
Conclusions

 High-throughput large-scale comprehensive 
characterization is feasible and produces useful data

 New cancer genes can be discovered
 Tumor subtypes can be differentiated based on 

comprehensive knowledge of genomic alterations 
 Integrated teams can be built – and it will take teams to 

analyze multi-dimensional data
 This comprehensive approach can produce clinically 

relevant data
 At the level of individual genes, cancer genomics is 

complex.  At the level of pathways, more coherence 
can be observed.

Presenter
Presentation Notes
Lynda Chin will elaborate on several of these points



TCGA Phase II: Overview

 ARRA funds will be employed for 2 years to collect tissues for 
years 1-5 of TCGA – and scale up the Biospecimen Core 
Resource capacity

Presenter
Presentation Notes
On the basis of these initial results, the decision was made to scale TCGA up to full production mode.  Shortly after that, economic stimulus funds from the American Recovery and Reconstruction Act (ARRA) became available and the management team made the decision to devote a considerable amount of ARRA funds to TCGA



TCGA Phase II: Overview

 ARRA funds will be employed for 2 years to collect tissues for 
years 1-5 of TCGA – and scale up the Biospecimen Core 
Resource capacity

 During the two years of ARRA funding – plan to complete 
comprehensive genome characterization of 10 tumor types (at 
200 cases/tumor type as a discovery set and more depending on 
tumor type; 180 exomes; 20 whole genomes/tumor), and partial 
characterization of 10 more (at 100 cases/tumor type)
 GCCs will perform expression, copy number, methylation and 

miRNA characterization
 Genome Sequencing Centers will use Nex-Gen sequencing 

technologies – exomes and whole genomes (cost dependent)

Presenter
Presentation Notes
For tumor characterization, a very aggressive goal was set for the ARRA period.  A total of 3000 cases analyzed.  As you will see, we expect to achieve that goal in one sense, characterizing 3000 cases, but it’s still very much up in the air as to whether that will be in the form of 10 tumor types x 200 cases and 10 tumor types x 100 cases



TCGA Phase II: Overview

 ARRA funds will be employed for 2 years to collect tissues for 
years 1-5 of TCGA – and scale up the Biospecimen Core 
Resource capacity

 During the two years of ARRA funding – plan to complete 
comprehensive genome characterization of 10 tumor types (at 
200 cases/tumor type as a discovery set and more depending on 
tumor type; 180 exomes; 20 whole genomes/tumor), and partial 
characterization of 10 more (at 100 cases/tumor)
 GCCs will perform expression, copy number, methylation and 

miRNA characterization
 Genome Sequencing Centers will use Nex-Gen sequencing 

technologies – exomes and whole genomes (cost dependent)

 Genome Data Analysis Centers will integrate data from GCCs –
GDAC-Bs will further integrate data, create new models and tools 
to refine and further add value to data for communities

Presenter
Presentation Notes
Separate data analysis component was included in Phase II 



TCGA Project Pipeline
Supplementary Figure 1
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Presentation Notes
This is the slide originally shown, I think that we should have a more modest goal than “comprehensive knowledge of a cancer genome”



TCGA Project Pipeline
Supplementary Figure 1
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Presenter
Presentation Notes
GDAC initially does the same pre-determined set of analyses for each tumor type, which is the minimum goal of TCGA.  More sophisticated analyses are then accomplished in several ways – within the TCGA network as a whole, by TCGA consortium members on their own, and by investigators from the entire cancer research community.



TCGA Tumor Projects

Projects with comprehensive 
data available

 Glioblastoma†

 Ovarian

Projects in progress (partial 
data sets available)

 Acute Myeloid Leukemia
 Colon Adenocarcinoma
 Rectal Carcinoma
 Lung Adenocarcinoma
 Lung Squamous Cell 

Carcinoma
 Renal Clear Cell Carcinoma

Presenter
Presentation Notes
Glioblastoma is noted because the “finished” data set is much smaller than the data sets for any other TCGA project will be.  TCGA will bring the glioblastoma data set up to standard as the samples become available.



TCGA Tumor Projects

 Breast (multiple types)*
 Bladder
 Cervical
 Head and neck
 Liver
 Lymphoma
 Melanoma

 Multiple myeloma
 Pancreatic
 Prostate
 Sarcoma
 Stomach*
 Thyroid
 Uterine* 

(endometrial)

Projects recently begun or upcoming



ICGC Projects (June, 2010)
 USA

 TCGA projects 
 Canada

 pancreatic*
 prostate

 Australia
 pancreatic*
 ovarian

 China
 stomach

 EU/France
 renal carcinomas

 EU/United Kingdom
 breast cancers*

 France
 breast cancers*
 hepatic (alcohol-associated)

 Germany
 pediatric brain cancers

 India
 oral

 Italy
 rare pancreatic types

 Japan
 hepatic (virus-associated)

 Spain
 chronic lymphocytic 

leukemia
 United Kingdom

 breast cancers*
*collaborative 

j t



Goals for ARRA Period

Presenter
Presentation Notes
Dashed lines represent needed pace of samples in to complete 3,000 tumor cases by end of ARRA period.  Graph does not include pilot projects for GBM, ovarian.  Data Out is a little behind goal on Sept 1 because of minor technical glitch relating to 110 AML exomes that are now complete.



TCGA Sample Accrual 
(Sept 2010)

Presenter
Presentation Notes
This is experience to date in sample accrual.  NCI, specifically Joe Vockley and Kenna Shaw, has made a major effort during the ARRA period and achieved significant improvement in the rates of sample accrual.  Most of what is shown here represent retrospective samples obtained by a contract mechanism.  A prospective sample collection effort has also now been established by a different contract mechanism.   Note that over several different tumor types, the rate of qualifying samples for TCGA (which I’ll come back to) is about 40-50%



TCGA Sequence Data Submission

Presenter
Presentation Notes
Once the samples are received by the BCR, the data production pipeline is functioning effectively – from nucleic acid preparation by the BCR, analysis of copy number, transcriptome, microRNAs, and methylation by the Genome Characterization Centers, and sequence by the Genome Sequencing Centers.  This figure represents the actual and planned output of the Sequencing Centers for the samples that were in the pipeline as of July.  Since then, DNA from another127 cases have been received by GSCs since, and there are >300 qualified but still at the BCR.  1 month for GWA, sequencing takes 3 months per batch. (20-96 cases)



Tumor Type GCC assays Whole Exomes Whole Genomes

Ovarian 560 434
86 in progress

10
17 in progress

AML 162
39 in progress

15
135 in progress

26
29 in progress

Colon 103
41 in progress

52
51 in progress

0

Rectal 50
17 in progress

0
67 in progress

0

Breast ductal 0
233 in progress

0
186 in progress

0

Lung adeno 21
74 in progress

0
95 in progress

0

Lung scc 69
45 in progress

0
114 in progress

0

Endometrial 0
70 in progress

0
70 in progress

0

Renal 32 0
32 in progress

0

Gastric 0
82 in progress

0
82 in progress

0

TCGA to date t

Presenter
Presentation Notes
Here is the full status of TCGA today Does not include GBM which has 11 whole genomes available and 9 additional cases in progress, plus 141 exomes.  Top number in each cell is # of cases complete and available to investigators.  Cases for whole genome sequencing are undergoing selection for Colon, Breast and Lung projects.



http://cancergenome.nih.gov/dataportal

http://cancergenome.nih.gov/dataportal�


TCGA Sample Accrual
(through March 2011)

Presenter
Presentation Notes
This is the projection for sample accrual by March 2011 (Not 2010), by which time the prospective accrual process will be making real contributions.  This is the amount of accrual that will have to be achieved in order to meet the ARRA target of completing 3000 cases by the end of September 2011.  Clear that TCGA LOOKING FOR HELP WITH PROJECTS ON THE RIGHT -- 



 Primary tumor only
 Snap frozen 
 ~ 200 mg
 No more than 20% necrosis ; ≥ 80% tumor cells
 Normal tissue:  Blood (buffy coat/white cells); 

adjacent normal tissue or buccal cells; or ≥ 13µg 
high-quality DNA

 All “Tier One” Clinical Data Elements (15 or more)
 Treatment naïve

TCGA Sample Criteria (Pilot)

Presenter
Presentation Notes
Now want to talk about the challenges that the production component of TCGA faces.  Sample accrual is still the major one.  Up to this time, sample accrual has been limited by the very stringent criteria that were developed for TCGA at the beginning of the pilot project.  At that time, it was necessary to try to optimize the samples in order to have the best chance to demonstrate the feasibility and value of large-scale genomic analysis of cancer.  But not all cancers can meet these criteria, and TCGA has to deal with the realities of cancer biology.



Challenges for TCGA Production

 Sample criteria
 Tumors for which pre-treatment is standard of care
 Tumors of lower purity
 Use of adjacent tissue as “germ line” comparison

Presenter
Presentation Notes
So there has been a considerable amount of discussion within TCGA about how to get an adequate number of cases for new tumors as they are taken on by TCGA.  These are some of the issues that are being looked at.  To organize this, we have now established a system where, for each tumor,  one of the TCGA PIs takes on the responsibility to lead the project and a Disease Working Group of experts is organized to develop appropriate qualifying criteria for that tumor.



Challenges for TCGA Production

 Sample criteria
 Tumors for which pre-treatment is standard of care
 Tumors of lower purity
 Use of adjacent tissue as “germ line” comparison

 Multiple concurrent projects

 Project length

Presenter
Presentation Notes
I’ll finish by discussing the challenge posed by having to deal with multiple concurrent projects, and then Lynda will address the issue reasonable project lengths for TCGA.



 GBM and ovarian pilot projects – samples were apportioned 
among the 3 GSCs

Baylor: rectal, kidney projects

Organization of TCGA Sequencing

Presenter
Presentation Notes
The multiple project issue is most serious for the sequencing component.  The genome characterization components are each done by single labs and can be done in a short enough time so that project overlap is not really a problem.  And for the sequencing centers, it was not a problem during the pilot  phase because there was only one project at a time.



 GBM and ovarian pilot projects – samples were apportioned 
among the 3 GSCs

 AML and colon – designated primary and secondary GSCs; 
10 exomes and 1 whole genome cases to be done by both 
centers
 AML – Wash U / Broad Institute
 Colon – Baylor / Wash U
Baylor: rectal, kidney projects

Organization of TCGA Sequencing

Presenter
Presentation Notes
Projects became a bit more complicated as they expanded in size to the current attempt to sequence 200 cases per tumor and beyond.



 GBM and ovarian pilot projects – samples were apportioned 
among the 3 GSCs

 AML and colon – designated primary and secondary GSCs; 
10 exomes and 1 whole genome cases to be done by both 
centers

• AML – Wash U / Broad Institute
• Colon – Baylor / Wash U

 Subsequent projects – to be assigned to a single GSC for all 
data generation, validation, and analysis; 10 exomes to be 
duplicated in a second GSC for QA

• Broad Institute: lung adeno, lung squamous, gastric
• Wash U: breast projects, endometrial
• Baylor: rectal, kidney 
Baylor: rectal, kidney projects

Organization of TCGA Sequencing
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