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The Cancer Genome Atlas

25 forms of cancer Biospecimen core ~ Multiple data types

Resource with more
than 150 Tissue Source

glloblastczkr)r:girr]r;ultlforme Sites _~ Clinical diagnosis
3 Genome —+ Treatment history
Sequencing ~+ Histologic diagnosis
Centers —+ Pathologic report/images
squamous carcinoma S T TS : gjrsguiga?r;\?st?or?;/c site
(Iung) Characterization =, Survival .
Centers =+ Chromosomal copy
8 Proteome L number _
serous Characterization §- Gene Expression (MRNA)
cystadenocarcinoma Conters g’ DNA sequence
(ovarian) N DNA mutations
7 Genome Data N Methylation patterns
AnalySiS Centers * mMiRNA expression
§ RPPA (protein)
Loss of heterozygosity
Data Coordinating -

Center .
. The Cancer Genome Atlas




TCGA Research Network
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Pairwise Associations:
categorical features

mutated

IDH1 status

wild type

non G-CIMP G-CIMP

Glioblastoma: IDH1 mutations are associated with

CpG island methylator phenotype

(Noushmehr et al, Cancer Cell 2010)
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 Reviold
€lla heynolds



Log2 expression ratio

Targets of mutated transcriptional regulators

FAS and tp53_mut (n=36)
CDKMNA1A and tp53_mut (n=36)
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Pairwise Associations:
continuous features

(log2)

RAB25 expression level

0 0.2 0.4 0.6 0.8 1

DNA methylation (beta value)

Ovarian cancer: RAB25 expression is controlled by
promoter methylation

(TCGA Research Network, Nature, 2011)
Sheila Reynolds



Clinical variables contributing to tumor

aggres
Less More
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Vesteinn Thorsson Nature, 487,330-337, 2012.



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

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

Computational challenges:

* mixed data types: continuous, RF-ACE features:

discrete, and categorical
* handles mixed variable types
* tens of thousands of features x
tens or hundreds of Samp|es * does not reC]Uire imputation of missing
values

* non-linear, noisy, and
multivariate relationships * random subsampling rather than
combinatorial search

» correlated features
* statistical testing removes redundant

* missing data ot

* “importance” p-value for each
candidate predictor

* fast, portable implementation in C++

The Cancer Genome Atlas g{ Timo Erkkila


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

Growing a decision tree for the Random Forest

(" A feature (x), selected among m )
candidates, splits the data (y) into
two disjoint sets, "left" and "right".
Upon splitting, the selected teature
maximizes the decrease in impurity.

x = argmax{AI(s — {Yief. yright }) }
b

The child nodes receive the split
data, new set of m candidate
splitters is sampled among which
the "best" splitter is selected.

4 For leaf'i in the tree, a prediction is )
calculated. The predictor is mean (y is
numerical) and mode (y is categorical) of

the samples in the leat.

"
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e

arg nlg:x{freq(yik )}

e Y

A bootstrap sample, obtained from
the data matrix, is used for growing
the tree for target y. Initially all data

is stored in the root node.

Root

Binary splitters divide data into smaller disjoint
sets until the minimum node size or maximum
number of leaves per tree is reached

(00B samples are used to estimate importances of features

in the tree. The OOB samples are percolated to the leaves
with and without random shuftling of data for splitter x;
importance of feature x is the relative increase of impurity
when x becomes shuftled.

! sP(x) B &
i | 100, —1(%;,
Importance(x) = }" & (9 ¥oo0p) — 191, Foos)

=n 1($i,¥ooB)
. P

Timo Erkkila



RF-ACE

A feature (x), selected among m
candidates, splits the data (y) into
two disjoint sets, "left" and "right"

Observe how
important features

behave in
comparison to

Grow multiple
such trees

artificial contrasts

Grow multiple ..
such forests &%

Root
Teft" @ “right"

Yyi:xi€S Yyiixi €S

@ Splits the data into smaller disjoint sets
Grow a O O

decision tree .
Leats
Splitting stops
(%] when the
minimum node
size 1s reached

Timo Erkkila



Exploring Multivariate
Associations
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The Cancer Genome Atlas @ Sheila Reynolds



Chromosome 17q: BRCA1,
HER2/ERBB2

c008057475--FSR1"

The Cancer Genome Atlas & Sheila Reynolds



The Regulome Explorer is an interactive web application that allows the user to
explore multivariate relationships in data

v ) |
|

o\ | | explorer.cancerregulome.org

N \\\\‘

- 8 \\ \\\ \\, :u:ﬂ::,/z’/)’/
\\\ X ,~$";-”/,’/"‘ A : :
= §\\w / - e The application uses
—_ S 2\oos  ooee HTMLS5 standards,
‘ ~ LY - AP “ 28 . . .
& 55 \ T aier including: Javascript,
[/ A e e et e
=] \ =2 222222 SVG, Canvas, and
B -S| e~ | = AJAX. These
—= el = . technologies operate
ki 1| | I‘ = .
p -=|\ LIS independently of the
s\ i user's choice of
%"" \ Cioranzen vmuss fr AT mn AKT | (= asth sarom A~ £ H
= /?:Q VORI LR platform, operating
- system, or web
browser.
et e |t
SRl IR ™ e
b, x '.'..' o bl B = ’
e | o iSRSt

The Cancer Genome Atlas (€ Richard Kreisberg, Jake Lin, Timo Erkkila, Sheila Reynolds



www.cancerregulome.org

Breast Cancer

The Contor participated in TCGA brazst cancer anadyses working group, contrdating to workeng group discussions, analyses, presentation of results
and preparation of TCGA breast cancer marker paper (Gusrently under review) Numerous analyses were performed bty the GDAC 1efasted in particular
10 the ra&ationship between ndmdusl molaculsr fastures and vanous sublypes dacovered vough supéenised snd unsupanised methods. As 8
companion featwrs to the manuscnpt. the GDAL has provided a comgrehensre feature matnx, including statistical parwmise analysis that can be
wxplornd mteractioly wa Regulome Explorer using any modem web browser

Colorectal Cancer

The Centoer participates in TCGA Colorectal Analysis working group contnbuting to working group discussions. analyses presentation of resuts. and
peeparation of TCGA colorectsl mavker paper (n press) Numerous analyses weee performed by our GOAC. @ g centered on micro-RMNAs DA
structural vanation. signatures associsted with anstomical postion, signature association with specihc subgroupngs of microsatellte wmstatelity
categones For the coloractal manuscrpt we focused on s clinical vanables associated wath tumer aggressrenass, and genserated a score for the
association of malecular features wieth those six variables. The aggressivaness score i3 8 composite of assocation score with six chrical vanables in
whech paalues for each indimdual comparnson are combimed Using the weighted Fisher's method bom wheh an overal pvalue |5 derved The
AQFESINENasS SCOMe 5 the regative of the base-10 loganthm of this overal paalue augmentad by & phis or minus dapending on whethar the signature
15 haghar of lower o the more aggresshe tumons. respectasly. Ths scorw is color<oded in the wsual display with 3 blus 1o 1ed colar scals fom low 10
high score To limit the extent of the Gaplay. the score 15 saturated ot -10 and +10

DataType
N cexr
B MET™M
B CNWR
| MmN

Analysis Working Groups

Bieast Cancer
Colorectal Cancer
Endometrial Cancar
Glioblastoma Mukforme
Ovarian Cancee
Pan-Cancer Analysia

Publications

The Cancer Gename Allss Ressarch
Matwork Comgrehensae molacular
charactenzation of human colon and
rectal cancer

Natwe 487, 330-337 {2012}

Resources

Use CRC Aggrassaenass Explores




explorer.cancerregulome.org

C I explorercancerreguiome.org 2N

Regulome Explorer

Regulome Explorer Tools
Regulome Explorer facktatas the integrative explorahon of asseaations in dinical and molecular TCGA data

Final Releases

+. . |CRC Aggressiveness Explores
- & Combined p-value approach to identifying significent features in terms of tumor
. Ya! aggressivoness

= )
e £ 8 . | Thus analymis i part of a study of human colon and rectal cancer pubkshed in 1 hesary
) ¥ | | rectal concor which was performed by The

i v of human on re
487, 330-337 (2012)

mole 15

Cancer Genome Atlas Research Network, Nature

Bl All Pairs Significance Tests
Identification of significant heterogeneons feature associations via standard statistical
tosts
P APt Random Forest Analysis L
Multi-variate, non-finear associations of heterogencous features
\ '

-
- {Pubcrawl

o . Literature-derived cross-validation and interpretation of feature assaciation
s .
o h »©

iin | mure about this and other software 3t CSACR

udome a collaboration betweesn
nter. 15 3 Genome Data Analysis
i are Dya Shimulewch (ISB) ang Wer Zhang

Regulome Explores |5 an 2ffort by the Center for tems Anatysis of the Cancer R
the instit for Systams ngy and Tha Univen of Texas MD An g
Center wehin The Cancer Genome Alas project, The Prncpal Investigatoss at C
(MDACC).
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Making Cancer History




& - C [9 explorer.cancerregulome.org/all_pairs/

Regulome Explorer: All Pairs

Data Display Mode Help About
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€& - C [J explorer.cancerregulome.org/all_pairs/?dataset=brca_06sep12_pw g 8

Regulome Explorer: All Pairs

Data Display Mode Help About
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Methylation pattern of hypermethylated
cluster
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UCEC Copy Number : Gene Expression
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Zoom in — linear browser

Distal Infra-Chromosomal Correlates

Prgximal Feature Predictors

Unmapped Feature Correlates

Feature Locations
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UCEC Methylation : Gene Expression
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UCEC Methylation : Gene
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Network and Data Table views
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UCEC Association with
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BRCA vs GBM
GEXP:CNVR associations
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Feature matrix sub-setting by subtype (GBM)

features
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Different associations with TP53
mutations for each subtype
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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

http://explorer.cancerregulome.org/all pairs/?dataset=gbm 06feb mesen pw&t type=GNAB&t label=tp53&Ilimit=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
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http://explorer.cancerregulome.org/all_pairs/?dataset=gbm_06feb_mesen_pw&t_type=GNAB&t_label=tp53&limit=10

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

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

Linking directly to additional
resources
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Pubcrawl linkout to merge literature
and data derived networks

Pubcrawl

Feature: CDKN2A Y/ NA Y e o Glescs. B
Source: Methylation : RV ' ’
Location: Chro 219586581-21958681

Pubcrawl
UCSC Genome Browser
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http://explorer.cancerregulome.org/pubcrawl/
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Regulome Explorer Tools

Regulome Explorer facilitates the integrative exploration of associations in clinical and molecular TCGA data

Final Releases

CRC Aggressiveness Explorer

Combined p-value approach to identifying significant features in terms of tumor
' | aggressiveness

molecular characterization of human colon and rectal cancer which was performed by The
Cancer Genome Atlas Research Network. Nature 487, 330-337 (2012) .

Beta Releases

~wimy . |All Pairs Significance Tests
A’ . | Identification of significant heterogeneous feature associations via standard statistical
=3 1| tests
.. " i ‘

AP explorer.cancerregulome.org
ﬁ

woien O| Random Forest Analysis
=gt N, Multi-variate, non-linear associations of heterogeneous features

o { Pubcrawl
X Literature-derived cross-validation and interpretation of feature association

Find out more about this and other software at CSACR.

Regulome Explorer is an effort by the Center for Systems Analysis of the Cancer Regulome (CSACR), a collaboration betweel
the Institute for Systems Biology and The University of Texas MD Anderson Cancer Center. CSACR is a Genome Data Analysi

Center within The Cancer Genome Atlas project. The Principal Investigators at CSACR are Ilya Shmulevich (ISB) and Wei Zhz
(MDACC).
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