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To identify pathways associated with survival phenotypes using gene expression data, we
recently proposed the hierarchical structural component model for pathway analysis of
gene expression data (HisCoM-PAGE) method. The HisCoM-PAGE software can consider
hierarchical structural relationships between genes and pathways and analyze multiple
pathways simultaneously. It can be applied to various types of gene expression data, such
as microarray data or RNA sequencing data. We expect that the HisCoM-PAGE software
will make our method more easily accessible to researchers who want to perform pathway
analysis for survival times.
Keywords: gene expression, hierarchical component model, pathway analysis, survival phenotype
Availability: HisCoM-PAGE is available on the website (http://statgen.snu.ac.kr/software/
HisCom-PAGE/).
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Transcriptome profiling is a common approach to the study of human diseases [1]. The
transcriptome contains information about the RNA transcribed from the genome in a
certain physiological or pathological condition [2,3]. Therefore, gene expression profiling can be applied to diagnose diseases, to predict their prognosis, and to select an appropriate therapy [3]. Many gene expression analyses have been conducted to find differentially expressed genes (DEGs) associated with a certain disease. However, gene expression analysis at the pathway level has the following advantages. First, mapping thousands
to tens of thousands of genes into a few hundred pathways can reduce the problems associated with multiple testing [4]. Furthermore, researchers may obtain more interpretable
results, compared to single-gene lists such as DEGs [5,6].
Many previous pathway analyses have mainly focused on binary phenotypes. Thus, not
many methods and software programs are available to analyze the survival phenotype. In
addition, many pathway methods perform single-pathway analyses, but do not consider
correlations between pathways.
Recently, we proposed the hierarchical structural component model for the pathway
analysis of gene expression data (HisCoM-PAGE) method [7] based on our previous
work [8-10]. The HisCoM-PAGE method was proposed to identify significant pathways
that are associated with the prognosis of complex diseases such as cancer, and it can consid1/3
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er correlations among pathways. In order for the HisCoM-PAGE
method to be more accessible to researchers, we have made the HisCoM-PAGE software available on a dedicated website.

Implementation
The workflow of the HisCoM-PAGE software is shown in Fig. 1.
The HisCoM-PAGE software requires an mRNA expression dataset and two other additional files (survival phenotype file.csv [or
.rds], pathway annotation file.csv). The pathway annotation file
can be obtained from a public pathway database. Genes should be
mapped to pathways using pathway databases such as the Kyoto
Encyclopedia of Genes and Genomes (KEGG) or the Biocarta
database [11,12]. In this step, users can select the pathway database. After constructing a gene-pathway pair set, HisCoM-PAGE
can be performed. HisCoM-PAGE implements a double-ridge
method to analyze multiple pathways [13]. Cross-validation is
used to find the optimal tuning parameters [14]. The HisCoM-PAGE software is entirely written in R code.

Input files
The HisCoM-PAGE software takes the following three inputs: (1)
a gene expression file, where the rows represent the sample names,
the columns represent the pathway-matched gene name, and each
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cell represents the normalized gene expression value; (2) a trait file,
in which each line consists of two columns for the sample’s survival
time and censoring status, respectively; and (3) a pathway annotation file consisting of two columns for pathway and gene names, respectively. Users can optionally make their own gene-pathway pair
list for analysis.

Output file
The HisCoM-PAGE software can generate the following three
output files: (1) a ‘pathway results.csv’ file, which contains four
columns for the pathway name, pathway coefficient (βpath), permutation p-value, and the false discovery rate (FDR) corrected q-value, respectively; (2) a ‘gene result-1.csv’ file containing five columns showing the pathway name, gene name, gene coefficient (w
gene), p-value, and FDR-corrected q-value, respectively (the coefficients contained in this gene result-1 file relate to the weighting
values that represent the effect of various genes on the pathway);
and (3) a ‘gene result-2.csv’ file that also contains five columns
showing the pathway name, gene name, gene coefficient, p-value,
and FDR-corrected q-value, respectively. The coefficients contained in this result file are calculated using the wgene × βpath value
for each gene, which represents the effect of the gene on the phenotype.
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Fig. 1. The workflow of hierarchical structural component model for pathway analysis of gene expression data (HisCoM-PAGE). The pathway
is constructed by a weighted sum of its mapped genes. The pathway coefficient is represented as β and the gene coefficient is represented
as w in the Figure.
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Conclusion
In this paper, we introduce the HisCoM-PAGE software for pathway analysis of the survival phenotype using gene expression data.
The HisCoM-PAGE software may be a useful tool for the identification of pathways associated with the survival phenotype. The
software is freely available on the website, along with a detailed tutorial.

ORCID
Lydia Mok: https://orcid.org/0000-0002-4029-5793
Taesung Park: https://orcid.org/0000-0002-8294-590X

Authors’ Contribution
Conceptualization: TP. Data curation: LM. Funding acquisition:
TP. Methodology: LM, TP. Writing – original draft: LM. Writing
– review & editing: TP.

Conflicts of Interest
No potential conflict of interest relevant to this article was reported.

Acknowledgments
This research was supported by the Bio-Synergy Research Project
(2013M3A9C4078158) of the Ministry of Science, ICT and Future Planning through the National Research Foundation and by a
grant of the Korea Health Technology R&D Project through the
Korea Health Industry Development Institute (KHIDI), funded
by the Ministry of Health & Welfare, Republic of Korea (grant
number: HI16C2037).

References
1. Casamassimi A, Federico A, Rienzo M, Esposito S, Ciccodicola
A. Transcriptome profiling in human diseases: new advances and
perspectives. Int J Mol Sci 2017;18:E1652.

https://doi.org/10.5808/GI.2019.17.4.e45

2. Jacquier A. The complex eukaryotic transcriptome: unexpected
pervasive transcription and novel small RNAs. Nat Rev Genet
2009;10:833-844.
3. Byron SA, Van Keuren-Jensen KR, Engelthaler DM, Carpten JD,
Craig DW. Translating RNA sequencing into clinical diagnostics:
opportunities and challenges. Nat Rev Genet 2016;17:257-271.
4. Lee S, Kim J, Lee S. A comparative study on gene-set analysis
methods for assessing differential expression associated with the
survival phenotype. BMC Bioinformatics 2011;12:377.
5. Glazko GV, Emmert-Streib F. Unite and conquer: univariate and
multivariate approaches for finding differentially expressed gene
sets. Bioinformatics 2009;25:2348-2354.
6. Khatri P, Sirota M, Butte AJ. Ten years of pathway analysis: current approaches and outstanding challenges. PLoS Comput Biol
2012;8:e1002375.
7. Mok L, Kim Y, Lee S, Choi S, Lee S, Jang JY, et al. HisCoM-PAGE: hierarchical structural component models for pathway analysis of gene expression data. Genes (Basel) 2019;
10:E931.
8. Lee S, Choi S, Kim YJ, Kim BJ, Consortium Td-G, Hwang H, et
al. Pathway-based approach using hierarchical components of
collapsed rare variants. Bioinformatics 2016;32:i586-i594.
9. Kim Y, Lee S, Choi S, Jang JY, Park T. Hierarchical structural component modeling of microRNA-mRNA integration analysis.
BMC Bioinformatics 2018;19:75.
10. Choi S, Lee S, Kim Y, Hwang H, Park T. HisCoM-GGI: Hierarchical structural component analysis of gene-gene interactions. J
Bioinform Comput Biol 2018;16:1840026.
11. Ogata H, Goto S, Sato K, Fujibuchi W, Bono H, Kanehisa M.
KEGG: Kyoto Encyclopedia of Genes and Genomes. Nucleic
Acids Res 1999;27:29-34.
12. Nishimura D. BioCarta. Biotech Softw Internet Rep 2001;2:117120.
13. Kim Y, Park T. HisCoM-mimi: software for hierarchical structural
component analysis for miRNA-mRNA integration model for
binary phenotypes. Genomics Inform 2019;17:e10.
14. Choi S, Lee S, Park T. HisCoM-GGI: software for hierarchical
structural component analysis of gene-gene interactions. Genomics Inform 2018;16:e38.

3/3

