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Facts on cancer 

 An estimated 134,000 new cases of cancer will be diagnosed 

in Australia this year, with that number set to rise to 150,000 

by 2020 

 

 Cancer is a leading cause of death in Australia. In 2014,  

> 44,000 people died from cancer, accounting for about 3 in 

every 10 deaths. 

Source: Cancer Council Australia (2017) 



Cancer is a disease of the genome 

• Challenges in treating cancer: 
– Every patient is different 

– Every tumour is different, even 
in the same patient 

– Tumours can be highly 
heterogeneous 

– High rate of genomic 
abnormalities (few drivers, many 
passenger mutations) 

Healthy 46 chromosomes 

Example cancer 59 chromosomes 

Image from Thompson & Compton Chromosome Res 2011. 



What can go wrong in cancer genomes? 

Types of changes 
Some common technologies used to study 

these changes 

DNA mutations 
- Point mutations 
- Insertions & deletions 

WGS; WXS 

DNA structural variations WGS 

Copy number variation (CNV) CGH array; SNP array; WGS 

DNA methylation Methylation array; RRBS; WGBS 

mRNA expression changes mRNA expression array; RNA-seq 

miRNA expression changes miRNA expression array; miRNA-seq 

Protein expression Protein arrays; mass spectrometry 

WGS = whole genome sequencing, WXS = whole exome sequencing 
RRBS = reduced representation bisulfite sequencing, WGBS = whole genome bisulfite sequencing 
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Goal of cancer genomics 

• Identify changes in the genomes of tumors that drive cancer 

progression 

• Understand how normal cells become cancerous  

• Identify new targets for therapy 

• Select drugs based on the genomics of the tumour – i.e. 

personalised therapy 

 



Cancer Sequencing Projects 
The Cancer Genome  
Atlas (TCGA) 
 

 Led by NIH 

 Initiated in 2006 (as a pilot program ) and expanded in 2009 

 

 

 
 Aim:  

To make the genomes of 20 cancers publically available  

 Update today:  
33 cancer types & subtypes analysed (11,000 samples) 

 



TCGA pipeline 

Publically available  
for researchers 



Types of Cancers 
• Breast 

– Ductal carcinoma 

– Lobular carcinoma 

• Central nervous system 

– Glioblastoma multiforme 

– Lower grade glioma 

• Endocrine 

– Adrenocortical carcinoma 

– Papillary thyroid carcinoma 

– Paraganglioma and pheochromocytoma 

• Gastrointestinal 

– Cholangiocarcinoma 

– Colorectal Adenocarcinoma 

– Liver Hepatocellular Carcinoma 

– Pancreatic Ductal Adenocarcinoma 

– Stomach-Esophageal Cancer 

• Gynecological 

– Cervical Cancer 

– Ovarian Serous Cystadenocarcinoma 

– Uterine Carcinosarcoma 

– Uterine Corpus Endometrial Carcinoma 

• Head and neck 

– Squamous cell carcinoma 

– Uveal melanoma 

• Hematologic 

– Acute myeloid leukemia 

– Thymoma 

• Skin 

– Cutaneous melanoma 

• Soft tissue 

– Sarcoma 

• Thoracic 

– Lung Adenocarcinoma 

– Lung Squamous Cell Carcinoma 

– Mesothelioma 

• Urologic 

– Chromophobe Renal Cell Carcinoma 

– Clear Cell Kidney Carcinoma 

– Papillary Kidney Carcinoma 

– Prostate Adenocarcinoma 

– Testicular Germ Cell Cancer 

– Urothelial Bladder Carcinoma 



Datasets 

Data types 
– Clinical data 

– Images 

– Microsatellite instability 

– DNA sequencing  

– miRNA sequencing 

– Protein expression 

– mRNA & RNA sequencing 

– Array-based expression 

– DNA methylation 

– Copy number 

Data access tiers 

• Open access 

- De-identified 

- Requires no certification 

• Controlled access 

- No direct identifiers 

- Must complete Data Access 

Request (DAR) form 

 



Genomic Data Commons (GDC) 
• TCGA data is stored on the Genomic Data Commons (GDC) 

data portal:   https://portal.gdc.cancer.gov/  

https://portal.gdc.cancer.gov/
https://portal.gdc.cancer.gov/
https://portal.gdc.cancer.gov/


Search and filter files using this utility 

Exploring the “Data” option… 



Let’s find all processed RNA-
seq data for colorectal 
cancer… 



Let’s find all processed RNA-seq data for colorectal cancer… 



Let’s find all processed RNA-seq data for colorectal cancer… 



Genomic Data Commons (GDC) 

• The GDC data portal is very user-friendly 
 

• GDC is ideal for downloading data in large tab 
delimited format – perfect for a bioinformatician 
 

• However, data portal files are difficult to use for the 
average biologist 
 

• Fortunately there are some alternatives: 
– cBioPortal (www.cbioportal.org/) 
– ICGC data portal (http://dcc.icgc.org/) 

http://www.cbioportal.org/
http://dcc.icgc.org/


cBioPortal (www.cbioportal.org/) 

• A data analysis portal to TCGA data 

 

• Provides functions for visualisation, analysis and download of 
data. 

 

• Maintained by Memorial Sloan-Kettering Cancer Center 

 

 

 

 

 

 

http://www.cbioportal.org/


Features of cBioPortal 

• Visualising frequency of mutations 

• Correlation between occurrence of mutations 

• Correlation of expression and CNV or methylation 

• Visualisation of mutations 

• Survival analysis 

• Network analysis 

 
Gao et al (2013) Sci. Signal 

 





Select cancer study 
(AML, Provisional) 

Select the type of 
aberration you are 
interested in 
(Mutations & CNA) 

Select the sample 
set  
(Tumour samples 
with CAN data) 

Type in gene - can 
accept any number. 
(For this example, 
we will look at ERG) 

In this query, we are telling cBioPortal to perform an analyse comparing all AML 
samples with ERG mutation or CNA and those without ERG mutation nor CNA.  



9 out of 191 samples have alteration in ERG:  
- 8 samples have amplifications of ERG 
- 1 sample has a deep deletion of ERG 

OncoPrint 



Plots – correlation ERG expression with CNA 

Samples with 
amplification 
possibly have 

higher 
expression 



Survival analysis 

We know that high ERG 
expression is associated with 
poor survival (Marcucci et al JCO 2005).  
 
Seems like ERG amplification is 
also associated with poor 
survival.  



Network analysis 

This network analysis is not that interesting, but it could be more useful 
with a larger input gene set.  



Bookmark 

You can make a URL to immediately share analysis with 
collaborators 

 



Gene summaries across cancer types 

Select all cancers 

Select the type of 
aberration you are 
interested in 
(Mutations & CNA) 

Type in gene - can 
accept any number. 
(For this example, 
we will look at ERG) 



Gene summaries across cancer types 

Cancer types 

Types of aberration 

Aberration 
frequency 

Data types in 
analysis 



Cancer Sequencing Projects 
 

International Cancer  
Genome Consortium  
(ICGC) 
 

 Collaboration between 22 countries 

 Initiated in 2007 

 Aim:  
To catalogue genomic abnormalities in tumours from 50 different 
cancer types & subtypes 

 Update today:  
70 projects, 21 primary sites, >16,246 tumour DNA data 

 Uses data from TCGA and the Sanger Cancer Genome Project 



Working groups 



ICGC Samples 





Data types 
• Mandatory:  

• Genomic DNA analyses of tumors (and matching control DNA) are core 

elements of the project. 
 

• Complementary (Recommended):  

• Additional studies of DNA methylation and RNA expression are 

recommended on the same samples that are used to find somatic 

mutations.  
 

• Optional:  
• Proteomic analyses 
• Metabolomic analyses 
• Immunohistochemical analyses 



Data access policy 



ICGC data portal (http://dcc.icgc.org/) 

Click on cancer projects 

http://dcc.icgc.org/)


Cancer project view 

click on BRCA-US 



Click on Genome Viewer 



View top mutated genes 



Or search by mutation ID/location 



Looking at mutations in specific genes 

Type in BRAF here 



Gene centric view 

General information 

Then scroll 
down… 



Gene centric view 

Types of cancers  
with the mutation 



Gene centric view 

More detailed  
information 



Gene centric view 

Click for more  
detail on the  
mutations 



Hover over the section of the graph to see 
what region it represents 

Each mutation has a unique ID 
 (click for more info) 



Advanced Search 
Find out which cancers commonly have BRAF missense mutations 

Go to the home page and click 
“advanced search” 



Advanced Search 
Find out which cancers commonly have BRAF missense mutations 

Search for “BRAF” 



Advanced Search 
Find out which cancers commonly have BRAF missense mutations 

Go to the mutations tab 

Select “missense” 

Hover mouse to see details.  

Most common cancers with BRAF missense mutations are thyroid cancer and melanoma. 



Limitations of data portal 

• The data portal is mutation centric 
– i.e. All queries are related to retrieving tumours/samples with 

particular mutations in a particular gene 

 

• If you just want expression/methylation data for a particular 
gene you still have to download the data 



Downloading data from ICGC 

Go to the home page and click 
“advanced search” 



Downloading data from ICGC 

Note: go back to Advance search on home page  

Select cancer type of interest 

Click download donor data 



Downloading data from ICGC 

Select the 
data types of 
interest 

Click 
“Submit” 



Downloading data from ICGC 

Or download from the data 
repository 



The advantage of ICGC is that data for all samples is in a single file so it is easier to 
work with in Excel (if file is small) or Galaxy (if file is big). 

Click through filters to choose 
what data you want 

Then download the data you selected 



COSMIC database 
http://cancer.sanger.ac.uk/cosmic 

Select “Cancer Gene Census” 

http://cancer.sanger.ac.uk/cosmic
http://cancer.sanger.ac.uk/cosmic


Cancer Gene Census 



Summary 

- There are global cancer genome sequencing 
projects with publically available data 
 

- TCGA data can downloaded or easily viewed 
through cBioPortal 
 

- ICGC data can be downloaded or viewed from the 
user interface 
 

- COSMIC database allows you to easily select 
cancer-associated genes 
 



Exercises 
1. Download patient clinical annotations for AML (TCGA 

dataset) using GDC data portal and then using the ICGC data 
portal. 

 

2. Using the ICGC data portal: 
a. What is the cancer with most frequent RUNX1 mutations?  

b. Which cancer has the most RUNX1 frameshift mutations?  

 

3. Using cBioPortal and COSMIC: 
a. Do kidney renal papillary cell carcinoma patients with BAP1 

mutations have worse survival than those without? 

b. Is this gene listed in the Cancer Gene Census and, if so, what is its 
role in cancer? 


