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 Breast cancer gene discovery

The Cancer Genomics Cloud is an NCI-funded cloud platform that enables the  
analysis of large cancer datasets in a user-friendly portal. With CTD2 as an app on the 
CGC, any user with an account can upload or generate an adjacency matrix and 
analyze it with CTD2 and its “guilt by association” feature with just a few mouse clicks.

https://www.cancergenomicscloud.org

Above is an example draft task of the CTD2 app on the Cancer Genomics Cloud, 
showing the interface researchers can use to input data and select runtime parameters.

CTD is a method that interprets sets of genes from cancer “omics” experiments in 
the context of biological networks. By identifying subsets of genes that are signifi-
cantly connected in a specific disease context, CTD allows for the identification of 
biological informative gene sets.We have previously applied CTD to identify pertuba-
tions in breast cancer [1], diagnose rare metabolic disorders [2], and identify multi-
gene biomarkers that are predictive of response in Triple Negative Breast Cancer 
(TNBC) [3].

Despite its utility in identifying biological signal, the computational cost of running 
CTD on large datasets has been a barrier to its adoption. To address this gap, we 
developed CTD2 which is both faster than CTD, and has the new capability to per-
form guilt-by-association analysis and deployed it as a tool on the Cancer Genomics 
Cloud (CGC)[4]. A gene implicated via guilt-by-association is illustrated by the light 
blue node in the graph below.

To test the functionality of CTD2, we investigated if it could rediscover known 
breast cancer genes. Using The Cancer Genome Atlas (TCGA) [7], we built 
breast cancer/control expression graphs over the 5,000 most variable cancer 
genes for each breast cancer subtype. 

We subsequently utilized DisGeNET [8] to identify genes associated with breast 
cancer, categorizing them into a training set discovered before 2015 (n=680) 
and a test set discovered after 2015 (n = 257). Training sets consisting of 100, 
400, and all 680 pre-2015 genes were then utilized to investigate the impact of 
the amount of information in the training set on the ability of CTD to recapitulate 
post-2015 genes. 

For each training set, CTD ranked all other genes in the graph. The results are 
depicted in the plot, where the number of post-2015 genes discovered by CTD 
(y-axis) is plotted against the number of top genes ranked by CTD. We ob-
served that increasing the number of genes in the training set led to an increase 
in the number of post-2015 genes identified by CTD.

In a previous study [3], we leveraged CTD to identify small multigene biomark-
ers of response to both taxane- (docetaxel or paclitaxel) and platinum-based 
(carboplatin or cisplatin) chemotherapy in Triple Negative Breast Cancer 
(TNBC). 

Baseline gene expression and response to both docetaxel and carboplatin 
treatement was obtained from a large set of TNBC Patient Derived Xenograft 
(PDX) models. We then built network models of both carboplatin and docetaxel 
response. A CTD/WGCNA approach was used to identify highly connected sets 
within these networks that served as biomarkers of response. 9 genes were 
identified as biomarkers of carboplatin response and 6 genes were identified as 
biomarkers of docetaxel response.

The biomarkers identified by the CTD/WCGNA approach outperformed biomark-
ers identified with WGCNA as well as other commonly used feature selections 
methods. The small biomarker sets identified by the CTD/WGCNA approach 
were informative across platforms (RNA-seq and array) and across species 
(PDX and patients). Additionally, these biomarkers were informative 
across drugs of the same class.The platinum biomarkers were informative for 
both carboplatin and cisplatin and the taxane biomarkers were informative for 
both docetaxel and paclitaxel.

While the original CTD package was deployed in R, CTD2 is a python package 
with additional functionality that was not available in CTD. By deploying CTD2 in 
python, we have increased its computational speed by ~20X for large datasets. 
This increase in speed allows for the analysis of much larger datasets including 
thousands of genes. 

Because of CTD2’s increased speed, it can be utilized to identify connections in 
both large experimental derived graphs and knowledge graphs such as WikiPath-
ways [5] and STRING [6].

CTD2 also allows users to rank how connected other genes in a graph are to a 
users gene set of interest to identify novel gene candidates. 

• CTD/CTD2 are network based approaches that allow users to identify biological 
signal in complex datasets.

• CTD2  is significantly faster than CTD which allows users to find significantly con-
nected sets within large gene lists 

• CTD2 rediscovered known breast cancer genes 
• The deployment of CTD2 on the CGC will allow users without a computational back-

ground to be able to use this tool.
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