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Abstract: This paper introduces Graph-Based Prioritization (GBP), a novel computational
approach for gene prioritization in cancer genomics. GBP integrates gene interaction networks
and mutation data to identify and rank genes based on their relevance to cancer. By considering
gene mutations and the inuence from neighboring genes in the network, GBP calculates a
mutation score and employs GBP-PR for gene prioritization. Experimental results across six
cancer types demonstrate the eectiveness of GBP in identifying known and potential novel
cancer genes. Overall, GBP oers a valuable tool for understanding tumor mechanisms and
advancing cancer research.

Keywords: Cancer, Gene Prioritization, Ranking, Rating

1 INTRODUCTION

Cancer is a devastating disease caused by genetic mutations in cells, and identifying the key
mutations that drive its development is a crucial challenge in cancer research. With the advent
of computational methods and the wealth of biological data generated through next-generation
sequencing technologies, researchers now have powerful tools to tackle this challenge [1]. By an-
alyzing gene interaction networks and employing statistical and graph theory-based algorithms,
these computational methods aim to identify the most signicant mutations in cancer genes
and shed light on their functional roles in cancer biology. Gene interaction network analysis is a
key strategy employed by these computational methods. By studying the interactions between
mutated genes and their inuence on these networks, researchers gain valuable insights into
the functional roles of these genes in cancer[2]. Several methods, including Hierarchical HotNet
[3], Dendrix [4], and Multi-Dendrix [5], have been developed to identify driver mutations in
gene networks. These methods utilize gene graphs, network diusion algorithms, and weighted
functions to identify relevant gene sets with high mutation frequencies in patients. Statistical
methods such as CoMEt[6], MEMo [7], and MEMCover[8] have also emerged as important
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tools in the identication of mutually exclusive gene sets. These methods employ statistical
analysis and network analysis to identify gene modules based on alteration frequency, biological
process, and mutual exclusivity. Furthermore, rating algorithms derived from network analysis
and graph theory, such as PageRank, Colley, Massey, and Keener[9], have gained prominence
in various domains. These algorithms oer valuable tools for analyzing networks and ranking
entities, providing insights into the structure and dynamics of complex systems. In the context
of cancer research, these algorithms can be applied to prioritize cancer genes based on their
mutation data and their inuence on gene interaction networks.

This study proposes a graph-based approach that integrates cancer mutation data and gene
interaction networks to prioritize related cancer genes. We apply a novel heuristic approaches to
build a mutation matrix, calculate mutation scores, create a consensus gene interaction network,
generate a gene spreading strength network, extract mutation inuence from neighbors, and
prioritize genes using a dynamic PageRank algorithm.

2 METHODOLOGY

2.1 Extraction of Gene Spreading Strength (GSS)

Our approach uses multiple gene networks as input, generating an undirected and weighted
network (UWN) that preserves original interactions. We then consider gene direct and indirect
neighbors to calculate mutations spread from one gene to another in a network by ss(gi, gj) =
(1 + ri × routj ) × pij , where routj =


g ∈ (N(gj)/N(gi))p(gi, gj),ri is the sum of the edge weights

of gi and routj is the sum of the edge weights of gj that are not edges of gi.

Figure 1: A simple hypothetical graph of extracted GSS

2.2 Extraction of Mutation Neighbors Inuence

The spreading strength of genes measures their susceptibility to neighboring mutations and
their ability to impact nearby genes. Inuence is determined by the function r(gi) given by
r(gi) =


gk∈N(gi)

nwmf (gk) × ss(gk, gj), where N(gi) are direct neighbors of gi on GSS. Hence

the nal gene mutation enrichment score is calculated by ms(gi) = wmf (gi) + r(gi), where
wmf (gi) is weighted mutation frequency and r(gi) is the gene neighbor inuence.

2.3 Gene Prioritization

Using the gene mutation enrichment scores obtained in Section 2.2, we generate a rating func-
tion to prioritize genes. The mutation enrichment scores matrix of M ∈ Fg×g is dened by
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Mij = #ms(gi) ≥ ms(gj), where ms(gi) and ms(gj) ms score for gene i and j respectively.
Next, we prioritize genes using the dynamic PageRank we iteratively calculate gene rating

scores by PR(gi) =
λ
g + (1 − λ)


gj∈G+(gi)

PR(gj)
ms(gj)

, where G+(gi) is the set of genes with low

mutation score against gene gi, ms(gj) is the mutation score of gj , and λ ∈ [0, 1] is a damping
factor(usually 0.1 or 0.2) to guarantee convergence. We rewrite the above equation relationship
to Markov chains in a vector form as PR = λ

G [I−(1−λ)SD−1]−11, where PR is the PageRank
vector containing values of each gene, D is the diagonal matrix D = diag[(Dii =

g
ℓ=1 Siℓ)

g
i=1)],

and I is the g × g identity matrix.

3 MODEL EVALUATION CRITERIA

3.1 Forward-Looking Approach (FLA)

To evaluate the rating and ranking stability, we applied our previous Forward-Looking Ap-

proach with an Expanded Window (FLA-WE)[10]. For rating stability in S
(K,∆k=20)
EW we dene

Euclidean distance between two rating vectors by d2EW (k) = ϕ(K∆k,k+∆k)
EW − ϕk

EW )22, where
EW is window size and  · 2 is the Euclidean norm. Thus, to compute the mean d2EW (k)
for all top − k prioritized genes in EW . For ranking stability we considered the relevance of
genes, πrelct

EW in consecutive rankings to calculate distance weighted matrix (DWM) Kendall’s
tau correlation, τkEW given by

τkEW =


gi<gj

wgi,gj


1 + sgn


(π1

EW (gi)− π2
EW (gj))(π

relct
EW (gi)− πrelct

EW (gj))


2


gi<gj

wgi,gj

,

where wgi,gj , is the weight, π
1
EW (gi) and π2

EW (gj) is rank position of genes, gi and gj in ranking

πk
EW and π

(k∆k,k+∆k)
EW , respectively for top− k prioritized genes.

3.2 Ranking Precision and Discounted Cumulative Gain (DCG)

We also evaluated the ranking quality of our proposed model based on precision and DCG. We
calculated the precision as the ratio of cancer-related genes that undergo mutation in the top-K
predicted set given by Precision = TP

TP+FP ,where TP is the number of genes prioritized by
our method that are in the benchmark. FP is the number of genes prioritized that are not in
the benchmark. In addition, we applied DCG to evaluate gene relevance and ranking position,
logarithmically decreasing with the position. Hence, DCG score for genes up to position p is

calculated by DCGp =
PGi

i=1
rel

ctj
gi

log2(i+1) , where PGp is the ranking list of p prioritized genes and

rel
ctj
gi is the relevance score of gene gi in cancer type ctj .

4 RESULTS

Our research compared the GBP-PR method with other peer-rating methods (Colley, Keener,
and Massey) and found that GBP-PR demonstrated high rating stability and consistency for
gene prioritization across six cancer datasets. The evaluation of gene ranking stability showed
that our proposed GBP-PR approach exhibited reliable and robust performance. GBP-PR
consistently outperformed other peer methods in precision and Discounted Cumulative Gain
metrics for several cancer types. The top 20 prioritized genes by GBP-PR revealed signicant
genes with crucial roles in cancer development. These ndings were validated by benchmark
databases and the Cancer Genome Interpreter (CGI) datasets, conrming the biological rele-
vance of our discoveries.
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5 CONCLUSION

In conclusion, the GBP-PR method presented in this paper oers a comprehensive and exible
approach to prioritizing signicant groups of related genes in cancer. Through the integration
of mutation data, gene networks, and asymmetric spreading strength measures, the method
eectively identies potential driver genes and suggests novel genes for further investigation.
While future research should focus on incorporating additional biological data and conducting
more extensive experimental evaluations, the GBP-PR method has already made a valuable
contribution to cancer genomics by providing a robust computational framework for identifying
crucial genes involved in cancer.
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