
Cancer Data Analytics on the 
ISB-CGC platform 

April 9, 2021
www.isb-cgc.org

http://www.isb-cgc.org


Agenda for Today’s Presentation

● An introduction to the ISB-CGC role in the CRDC

● The data analysis avenues accessible via the ISB-CGC

○ Web tools

○ Google VMs

○ Google BigQuery

● Examples of analyses run with our tools



The CRDC Today

The CRDC is a cloud-based 
data science infrastructure that 
provides secure access to large, 
comprehensive, and expanding 
collections of cancer research 
data. Users can explore and use 
analytical and visualization tools 
for data analysis in the cloud.

The Cloud Resources have 
>3,000 on average active users 
per month from >500 institutions 
around the world



ISB-CGC provides Data as a Service (DaaS) solutions to the 
rapid growth of cancer data

Common problems of big data:
● Data discovery is onerous
● Transfer speeds become 

bottlenecks with scaling data 
size

● Availability of data can be 
tenuous



The ISB-CGC landing page provides access to our resources

www.isb-cgc.org

http://www.isb-cgc.org


Our mission at ISB-CGC
To make NCI multi-omics cancer data as well as high-performance compute 
resources available via the Google Cloud Platform through multiple modes: 

● Interactive web tools for cohort building and data discovery

● Easily accessible and query-able tables for multivariate data analysis

● Advanced pipeline and workflow execution on Google Cloud virtual machines 

● Intentionally a “thin” layer on top of Google Cloud

○ Easy access to Google Tools

○ Direct access to NCI datasets 

■ Raw GC bucket files 

■ structured “BigQuery” tables for interactive data mining)



The data analysis avenues accessible 

via the ISB-CGC



Google VMs

BigQuery

ISB-CGC web tools

Three entry points for exploring cancer data on ISB-CGC



Interactive web-based exploration
• Select a subset of TCGA samples based on clinical or molecular characteristics
• Compare one cohort to another
• Upload a small private dataset to analyze in conjunction with TCGA data
• etc…

Interactive cancer data exploration and analysis
• Interactive data exploration in BigQuery
• Use R or Python to perform custom multivariate analyses 
• Directly run statistical tests on data in BigQuery using custom functions
• etc…

Direct Command line Access to Google virtual machines 
• Test new algorithm on hundreds or thousands of BAM or FASTQ files
• Run novel image segmentation method across whole-slide images
• etc…

Some example use-cases of each major entry point



Google VMs

BigQuery

ISB-CGC web tools

Three entry points for exploring cancer data on ISB-CGC



Interactive cohort-building using the ISB-CGC 



ISB-CGC has several interactive apps to generate 
quick plots 



File browser to browse the data hosted in cloud 
buckets

Integrated genome viewer
(view read pile-ups)

caMicroscope
(view histology)

OHIF
(view radiology)



Interactive image viewers allows for browsing of 
cancer imaging data



Mitelman database is also hosted by ISB-CGC 

https://mitelmandatabase.isb-cgc.org/

Also ongoing work towards hosting the TP53 
database soon

https://mitelmandatabase.isb-cgc.org/


Google VMs

BigQuery

ISB-CGC web tools

Three entry points for exploring cancer data on ISB-CGC



Advanced workflow execution on -omics data enabled by ISB-CGC

VM

Genomics 
programs
 + scripts

Google Container Registry,
Dockstore, etc

Pipeline 
Monitor VM

Compute Engine

Worker VMs – automatically launched 
and shutdown by Google Pipelines 
service

Easily scalable to 1000s of cores

Cloud Storage

Cloud-hosted 
cancer data 

User Data 

VM VMVM



Google Cloud Platform Free Tier lets you perform small scale computes 
with no cost!



Tutorials and sample workflows 
designed to introduce and 
enable users on how to run 
workflows in CWL, Nextflow, 
Snakemake and WDL on GCP 

We have several workflow and pipeline tutorials at 
ISB-CGC

https://isb-cgc.appspot.com/
programmatic_access/

https://isb-cgc.appspot.com/


Example RNASeq quantification workflow using a Docker 
image



Easily run batches of jobs in the cloud using dsub



Google Cloud Life Sciences 

https://cloud.google.com/life-sciences

https://cloud.google.com/life-sciences


Example end-to-end workflow analysis on ISB-CGC

Cloud Storage Compute Engine

Cloud-hosted 
cancer data 

User Data 

BigQuery

ISB-CGC 
hosted tables

User Tables 

Cloud Life Sciences 

VM
VMVM



Google VMs

BigQuery

ISB-CGC web tools

Three entry points for exploring cancer data on ISB-CGC



Attributes of Google BigQuery that make it ideal for 
cancer data analytics

● Columnar database ideal for storing tabular data (RNA sequencing etc.)
● Query speed is automatically scaled by multiprocessing
● Powerful SQL language interface, including user defined functions
● Can join tables based on shared variables
● ISB-CGC combines data of a similar type into single BigQuery tables 

○ For example: ~150 individual MAF files were combined to generate a single table 



You can think of individual BigQuery tables very simply as a 
tabular database



The unique benefit is that you can mine these data 
quickly and cheaply



Analyze correlation between TCGA samples & GTEx tissue types quickly and 
cheaply



Custom User Defined Functions allow users to expand 
beyond the default functionality

● We are contributing commonly 
used statistical methods as UDFs 
to the Google BQ StatsLib

● Users will be able to conduct the 
following statistical analyses 
directly within BigQuery 



Google Cloud Platform Free Tier lets you perform introductory 
queries at no cost



How do users access data on ISB-CGC?

tabular data 
clinical, molecular, 

reference, 
metadata

Google BigQuery 

raw data
fastq, bam,

image files, etc

Google Cloud 
Storage 



Multiple easy avenues for computing on data on 
ISB-CGC

User
Data

GDC 
Data

BigQuery Tables Google Buckets
User ISB-CGC

Notebooks 
(Jupyter, RStudio)

Google Cloud 
VMs

ISB-CGC enables full command line access to analyze cloud hosted data via a collection of powerful tools 
and technologies along with the ability to install your own tools



In total, ISB-CGC hosts multiple TBs of cancer research data 
across 440 open-access BigQuery tables



This is potentially overwhelming for data discovery, we have a 
table search UI to help

https://isb-cgc.appspot.com/bq_meta_search/

https://isb-cgc.appspot.com/bq_meta_search/


Table schemas are easily accessible through this UI

https://isb-cgc.appspot.com/bq_meta_search/

https://isb-cgc.appspot.com/bq_meta_search/


● Allows users to browse and learn more about available ISB-CGC BigQuery tables
● Each table has been curated to include detailed table and field descriptions as well as table labels
● Identify table(s) of interest by filtering (e.g. by reference genome build, data type, category) or via 

free-form text search
● Get a snapshot of table contents by previewing the first few (~10) lines

● Found a table of interested? An “open” button takes users directly to the GCP BigQuery Console. 

Benefits of the ISB-CGC BigQuery Table Search 



Use Google BigQuery to easily connect your research to 
public datasets

SQL

ISB-CGC and Other 
Public Datasets

Private User Data 
and Derived Results



Tables can be joined in BigQuery using SQL to draw connections amongst data

BigQuery interface 
for building and 

experimenting with 
queries

Jupyter notebook to 
visualize and share 

analysis 



Cloud Datalab

Pre-built VM images

bigrquery and
bigQueryR

googleAuthR

Cloud notebooks
and workspaces.

BigQuery integrates with a variety of commonly used 
analysis tools



Interactive step-by-step guide on BigQuery data analysis

https://isb-cgc.appspot.com/how_to_discover/#0

https://isb-cgc.appspot.com/how_to_discover/#0


Some examples of analyses run with our tools



BigQuery can be used to join tables of different data types



This query can be executed and the results 
downloaded and plotted from R



Lots of data types can directly be plugged into 
Bioconductor pipelines



A plot of MAF characteristics using the Bioconductor 
maftools library



GDC 
mutation

GDC STAR 
aligner

Radiomics 
workflow

PDC pipeline

Hosted in 
BigQuery

Combined 
Analysis

Connecting existing genomics, proteomics, and 
radiomics data from the respective data commons 

using BigQuery
Existing data from



Collaboration between ISB-CGC Cloud Resource and IDC 

Tumor identification and 
characterization by machine 

learning

Tumor features have 
significant predictive 
power about the 
mutations present

Gutman, et al. 
Diagnostic Neuroradiology 2015



We have created workflows to join data and run 
statistical tests

Using an initial feature set from Bakas, et al. 
Nature Scientific Data, 2017 to pilot analyses

Generated significance values from the correlation 
between gene expression and tumor features Subset of somatic mutations 

for each case id to be used 
for association analyses



With more effort these cross-omics analyses could lead to 
novel insights

Using a simple t-test run via SQL in BigQuery we were able to replicate a significant association between a mutated 
MUC16 gene and an increased tumor volume as measured by radiology.



The Cancer Data Aggregator (CDA) is aimed to bridge 
data discovery between the Data Commons

Federated realtime search across nodes



Multiple PanCancer Atlas projects, including:
○ Germline-variant calling
○ Fusion gene analysis
○ T-cell and B-cell receptor analysis 
○ viral DNA screening
○ MYC pathway analysis (BQ)
○ 8-oxoG filtering (MC3 project)

Other end-user projects include:
○ SMC-RNA Dream challenge (supporting both the 

organizers and many participants)
○ tumor-specific alternative polyadenylation
○ ML algorithm evaluation & benchmarking
○ RNA seq alignment to novel transcriptome(s)
○ mRNA expression quantitation
○ targeted de-novo assembly
○ structural variations (WGS + SNP6 data)
○ metagenomics / cancer analysis
○ statistical meta-analysis of miRNAs in cancer
○ code/tutorial development
○ GDC hg38 TCGA miRNA QC (w/ BCGSC)

with many other manuscripts 
and grants currently in 
progress or submitted

Some more workflows done by ISB-CGC end-users



Resources to help you get started on ISB-CGC

● Our documentation can be found at:
https://isb-cancer-genomics-cloud.readthedocs.io/

● Our workflow tutorials can be found at:
https://isb-cgc.appspot.com/programmatic_access/

● Finally, a quick guide to BigQuery analysis is at:
https://isb-cgc.appspot.com/how_to_discover/#0

For feedback/suggestions or need help getting starting, contact us at 
feedback@isb-cgc.org

 

https://isb-cancer-genomics-cloud.readthedocs.io/
https://isb-cgc.appspot.com/programmatic_access/
https://isb-cgc.appspot.com/how_to_discover/#0
mailto:feedback@isb-cgc.org


https://isb-cancer-genomics-cloud.readthedocs.io

Contact us about setting up your own Google Cloud Platform Project!
feedback@isb-cgc.org 

https://isb-cancer-genomics-cloud.readthedocs.io/en/staging-theme/sections/HowToGetStartedonISB-CGC.html
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Questions? 


