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Abstract
Adenoid Cystic Carcinoma (ACC) is a rare but aggressive cancer. 89% of
patients survive for the first 5 years, but only 40% survive for 15 years or
longer. Since ACC is uncommon, application of high throughput big data
analyses that have made progress in other cancers to ACC data has been
challenging. We used a hypergraph database made up of data from dozens of
state of the art cancer research efforts to identify unknown insights related to
ACC. To generate high likelihood hypotheses, we have applied link prediction,
pioneered in social network analyses to this purpose-built hypergraph. With this
analysis, we were able to predict several high scoring gene fusions that may be
implicated in ACC. We discuss the significance of this approach and suggest
further research from the findings.

Figure 3: The number of nodes and edges in hypergraph database.

Analysis and Results

Introduction
Graphs have proven a useful structure for both representing and analyzing data
in social networks and maps [4,5]. For example, Facebook uses link prediction
to recommend friends while Netflix uses link prediction to recommend movies
[1]. Here, we have used a purpose-built hypergraph, a generalization of a
graph, to represent ACC tumor biology and organize disparate knowledge from
diverse open source cancer research efforts (Figures 1). In doing so, we
applied link prediction to generated previously unknown data driven
hypotheses.

We generated features for all gene pairs that were previously reported in a
database of gene fusions [2]. We then ran the feature matrix through multiple
supervised learning algorithms including random forest, logistic regression,
decision trees, and xg boost. We also built a neural network with mxnet and
keras, which ended up having the best performance as measured by its true
positive rate. Based on the neural network’s superior performance, we ran the
same neural network on gene pairs that were not present as pairs in the
dataset of gene fusions used to develop the performance characteristics of the
analyses. This resulted in a list of high likelihood predictions of novel or
unreported gene fusion pairs, the top 10 of which is displayed in Table 1. One
of the top 10 fusion pairs is represented in a simplified network diagram in
Figure 4.
Table 1. The 10 highest likelihood predicted gene pairs
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Figure 1: A selection of some of the largest
data sources integrated into our hypergraph
database

Figure 2: A derivation of the degree weighted
path count feature from Himmelstein et al (2)

Methodology
A modification of Himmelstein et al. [3] was implemented to enable link prediction to be
applied to our very large data set with the following process:
1) Mine features relating to pairs of nodes and their connectivity
2) Use supervised learning to train a model that can classify whether or not these nodes are
connected or not
3) Calculate degrees of nodes from source to target node
4) Calculate degree weighted path counts (DWPC) between nodes (see Figure 2)
5) Calculate prior likelihood of an edge between the nodes
6) Calculate probability score based on features in steps #3-5

Analysis and Results
The algorithms ran on our hypergraph database which contains over 700,000
nodes and 12 million+ edges to make up one of the largest representations of
cancer-specific knowledge (Figure 3).
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Figure 4: An example of a path between TCIRG1 and KMT2A, the fifth highest likely gene
fusion prediction.

Conclusion and Discussion
This approach represents an expansion of the possibilities of potential fusion proteins
important in ACC tumor biology. Since the known fusion proteins were used in a training
set and removed from the test set, the analysis resulted in linked genes that resemble
known fusion proteins in our network. The link prediction approach resulted in an
overrepresentation of certain genes such as KMT2A and EWSR1. This is likely due to the
fact that EWSR1 is often found in several fusion proteins in the literature and KMT2A is a
transcription factor binding protein reported often in the literature. Basic literature
searching of these two genes revealed potentially promising cancer-implicated functions
that could be important in soft tissue tumors and thus ACC tumor biology. Also potentially
significant HMGA2 is a transcriptional regulator and often an oncogene. These in silico
results can now be used to validate potential hypotheses relevant for ACC tumor biology.
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