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The Cancer Genome Atlas 

Originally presented at a TCGA Workshop in 

January, 2012 by Ilya Shmulevich 
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Multiple data types 

 
 

• Clinical diagnosis 

• Treatment history 

• Histologic diagnosis 

• Pathologic report/images 

• Tissue anatomic site 

• Surgical history 

• Survival 

• Chromosomal copy 

number 

• Gene Expression (mRNA) 

• DNA sequence 

• DNA mutations 

• Methylation patterns 

• miRNA expression 

• RPPA (protein) 

• Loss of heterozygosity 

 

The Cancer Genome Atlas 

25 forms of cancer 

 

glioblastoma multiforme 

(brain) 

 

 

squamous carcinoma 

(lung) 

 

 

serous 

cystadenocarcinoma 

(ovarian) 

 

 

…. 

 

Biospecimen Core 

Resource with more 

than 150 Tissue Source 

Sites 

3 Genome 

Sequencing 

Centers 

6 Genomic 

Characterization 

Centers 

8 Proteome 

Characterization 

Centers 

7 Genome Data 

Analysis Centers 

 

Data Coordinating 

Center 
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TCGA Research Network 



Heterogeneous data 



Glioblastoma:  IDH1 mutations are associated with 

CpG island methylator phenotype  

(Noushmehr et al, Cancer Cell 2010) 
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Pairwise Associations:  
categorical features 

Sheila Reynolds 



Pairwise Associations:  
categorical / continuous features 
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Breast cancer:  elevated expression of ESR1 is one 

of the most distinguishing features of the luminal 

subtypes (Sorlie et al., PNAS, 2003) 
Sheila Reynolds 



Vesteinn Thorsson 

Targets of mutated transcriptional regulators 



Pairwise Associations:  
continuous features 

Ovarian cancer: RAB25 expression is controlled by 

promoter methylation  

(TCGA Research Network, Nature, 2011) 
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DNA methylation (beta value) 

Sheila Reynolds 



Less 
Aggressive 

More 
Aggressive 

Distant 
Metastasis 

M0=No M1=Yes 

Tumor Stage Early (I-II) Late(III-IV) 

Fraction 
Lymph 
Nodes 
Positive by  
H & E 

0 – 100 % 

Lymphatic 
Invasion 
Present 

No Yes 

Vascular 
Invasion 
Present  

No Yes 

Histological 
Type 

Mucinous Non-
mucinous 

Clinical variables contributing to tumor 
aggressiveness  

Nature, 487,330-337, 2012. Vesteinn Thorsson 



Vesteinn Thorsson, Dick Kreisberg Nature, 487,330-337, 2012. 



RF-ACE, a multivariate statistical inference method based 

on ensembles of decision trees, which seeks to uncover 

significant associations between features in the input data 

matrix. 

Timo Erkkilä, Sheila Reynolds, Kari Torkkola  



RF-ACE has high predictive power and 
is resistant to over-fitting. 

 

Computational challenges: 

•  mixed data types:  continuous, 
discrete, and categorical 

•  tens of thousands of features  x  
tens or hundreds of samples 

•  non-linear, noisy, and 
multivariate relationships 

•  correlated features 

•  missing data 
 

http://code.google.com/p/rf-ace/ 

Timo Erkkilä 

RF-ACE features: 

•  handles mixed variable types 

•  does not require imputation of missing 
values 

•  random subsampling rather than 
combinatorial search 

•  statistical testing removes redundant 
features 

•  “importance” p-value for each 
candidate predictor 

•  fast, portable implementation in C++ 

http://code.google.com/p/rf-ace/
http://code.google.com/p/rf-ace/
http://code.google.com/p/rf-ace/


Timo Erkkilä 



Timo Erkkilä 



Exploring Multivariate 
Associations 

Target:Feature labels 

Hot spots (eg chr 6q: ESR1) 

Average copy number 

Target:Feature association 
arcs 

Sheila Reynolds 



Chromosome 17q: BRCA1, 
HER2/ERBB2   

Sheila Reynolds 



The Regulome Explorer is an interactive web application that allows the user to 

explore multivariate relationships in data 

Richard Kreisberg, Jake Lin, Timo Erkkila, Sheila Reynolds 

explorer.cancerregulome.org 

The application uses 

HTML5 standards, 

including: Javascript, 

SVG, Canvas, and 

AJAX.  These 

technologies operate 

independently of the 

user's choice of 

platform, operating 

system, or web 

browser.   



www.cancerregulome.org 



explorer.cancerregulome.org 



 



 



 

ERBB2/HER2 

Nature (2012) 

doi:10.1038/nature11412 



Methylation pattern of hypermethylated 
cluster 
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Nature (2012) 

doi:10.1038/nature11412 



UCEC  Copy Number : Gene Expression 

CNVR: 22q11.23 
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Zoom in – linear browser 



UCEC  Methylation : Gene Expression 



UCEC  Methylation : Gene Expression 

ALPK3 (15q25.3) 



Network and Data Table views 



UCEC  Association with MSI status 

MSI-H       MSI-L      MSS 

G
EX

P
:E

P
M

2
A

IP
1

 
M

ET
H

:E
P

M
2

A
IP

1
 

MSI-H       MSI-L      MSS 

TT
N

 n
o

n
si

le
n

t 
m

u
ta

ti
o

n
s 



UCEC  Associations with Histology / Grade 

Serous  Endo    Endo    Endo   Mixed 
  Gr3      Gr3       Gr2      Gr1      Gr3 
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UCEC  Associations with Histology / Grade 

Serous  Endo    Endo    Endo   Mixed 
  Gr3      Gr3       Gr2      Gr1      Gr3 
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   Endo   Endo    Endo   Mixed  Serous 
 Gr1      Gr2       Gr3      Gr3      Gr3 



BRCA vs GBM 
GEXP:CNVR associations 

BRCA GBM 

EGFR 

CDKN2A 



microRNA : mRNA associations 

GBM OV CRC 

BRCA UCEC 
KIRC 



Feature matrix sub-setting by subtype (GBM) 

classical mesenchymal neural proneural 



Different associations with TP53 
mutations for each subtype 

CDKN2A 

hsa-miR-34a hsa-miR-34a 

TGFA 

CDKN1A 

classical mesenchymal 

neural proneural 

http://explorer.cancerregulome.org/all_pairs/?dataset=gbm_06feb_class_pw&t_type=GNAB&t_label=tp53&limit=10
http://explorer.cancerregulome.org/all_pairs/?dataset=gbm_06feb_mesen_pw&t_type=GNAB&t_label=tp53&limit=10
http://explorer.cancerregulome.org/all_pairs/?dataset=gbm_06feb_neura_pw&t_type=GNAB&t_label=tp53&limit=10
http://explorer.cancerregulome.org/all_pairs/?dataset=gbm_06feb_prone_pw&t_type=GNAB&t_label=tp53&limit=10


State-based URLs for data sharing 

CDKN2A 

TP53 

http://explorer.cancerregulome.org/all_pairs/?dataset=gbm_06feb_mesen_pw&t_type=GNAB&t_label=tp53&limit=10 

http://explorer.cancerregulome.org/all_pairs/?dataset=gbm_06feb_mesen_pw&t_type=GNAB&t_label=tp53&limit=10
http://explorer.cancerregulome.org/all_pairs/?dataset=gbm_06feb_mesen_pw&t_type=GNAB&t_label=tp53&limit=10


Accessing underlying data 
for each association 

CDKN2A 

TP53 

TP53 mutation 

http://explorer.cancerregulome.org/all_pairs/?dataset=gbm_06feb_mesen_pw&t_type=GNAB&t_label=tp53&limit=10


Edge exploration incorporating 
literature 

CDKN2A 

TP53 

http://explorer.cancerregulome.org/all_pairs/?dataset=gbm_06feb_mesen_pw&t_type=GNAB&t_label=tp53&limit=10


Node exploration with hovercards 

CDKN2A 

TP53 

http://explorer.cancerregulome.org/all_pairs/?dataset=gbm_06feb_mesen_pw&t_type=GNAB&t_label=tp53&limit=10


Linking directly to additional 
resources 



Pubcrawl linkout to merge literature 
and data derived networks 

http://explorer.cancerregulome.org/pubcrawl/ 

http://explorer.cancerregulome.org/pubcrawl/
http://explorer.cancerregulome.org/pubcrawl/


explorer.cancerregulome.org 
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