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Over the last decades, the rapid advancement of high-throughput
technologies has led to an unprecedented accumulation of biological
data across multiple molecular layers, including genomics, tran-
scriptomics, proteomics, and epigenomics [1,2]. While these data offer
extraordinary opportunities to investigate the molecular basis of human
diseases, their complexity and heterogeneity pose significant analytical
challenges. In this context, network-based approaches have emerged as
powerful frameworks to model biological systems and to interpret the
intricate web of molecular interactions underlying cellular functions.

Traditional reductionist approaches have primarily focused on
identifying individual genes or molecules associated with specific phe-
notypes. However, complex diseases are rarely driven by single factors;
rather, they arise from perturbations affecting interconnected molecular
networks [3]. Network medicine provides a conceptual and methodo-
logical framework to address this complexity by representing biological
systems as networks of interacting components and by interpreting
diseases as perturbations of specific network regions, commonly
referred to as disease modules [4,5]. Foundational studies in the field
have highlighted how the network organization of the interactome
constrains disease mechanisms and therapeutic interventions [4,5].

The integration of multi-omics data within network models has
further strengthened this paradigm. Multi-layered network representa-
tions enable the simultaneous analysis of heterogeneous datasets,
capturing interactions across different biological scales. Such integrative
approaches have proven effective in uncovering disease-associated
mechanisms and molecular determinants, as demonstrated in studies
combining transcriptomic and epigenomic data in complex disorders
such as chronic obstructive pulmonary disease [6,7]. These strategies
allow the identification of regulatory patterns and biomarkers that
remain undetected in single-layer analyses.

Methodological advances in network analysis have also played a
central role in the evolution of the field. A variety of computational tools
have been developed to identify key nodes and regulatory elements
within biological networks. Algorithms such as SWIM and its extensions
have enabled the detection of crucial nodes associated with disease
processes [8,9], with successful applications in cancer and other
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complex diseases [10]. In parallel, network-based approaches to drug
repurposing have gained increasing attention. Tools such as SAveR-
UNNER exploit network topology to identify novel therapeutic uses for
existing drugs, including applications to emerging conditions such as
COVID-19 [11,12]. Moreover, integrative frameworks that combine
therapeutic efficacy with side-effect profiles have been proposed to
improve drug repositioning strategies [13].

Network medicine has also contributed to a deeper understanding of
complex disease mechanisms. For example, network-based analyses
have been applied to neurodegenerative disorders such as Alzheimer’s
disease, revealing the interplay between multiple molecular pathways
involved in disease progression [14]. These findings further support the
view that a systems-level perspective is essential to capture the multi-
factorial nature of human diseases.

This Special Issue, entitled “Network-based analysis and multi-omics
approaches for biology and medicine”, aims to highlight recent advances
in this rapidly evolving field. It brings together contributions from
computational biology, systems biology, bioinformatics, and biomedical
research, reflecting the inherently interdisciplinary nature of network
medicine.

The articles collected in this Special Issue cover a broad range of
topics, including novel computational methods for biological network
analysis, multi-omics data integration, and applications to precision
medicine. Several contributions propose innovative algorithms for
network construction, clustering, and module detection, aimed at
identifying key regulatory components and functional pathways. Other
studies focus on integrative frameworks that combine heterogeneous
omics datasets to improve disease characterization and biomarker dis-
covery. In addition, a number of articles explore network-based strate-
gies for drug discovery and repurposing, as well as approaches for
patient stratification and personalized therapeutic interventions.
Together, these contributions provide a comprehensive overview of
current trends and emerging directions in network-based biomedical
research.

Despite the significant progress achieved, important challenges
remain. The integration of large-scale multi-omics datasets is still
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hindered by issues such as data heterogeneity, noise, and incomplete
knowledge of molecular interactions. Furthermore, the translation of
network-based findings into clinical applications requires robust vali-
dation and stronger integration between computational and experi-
mental approaches.

Looking forward, the convergence of network medicine with artifi-
cial intelligence, longitudinal patient data, and digital health technolo-
gies is expected to further enhance our ability to model disease
complexity and predict clinical outcomes. These developments may
pave the way for more accurate and personalized approaches to diag-
nosis, prognosis, and therapy.

In conclusion, this Special Issue underscores the growing importance
of network-based and multi-omics approaches in biology and medicine.
By integrating methodological innovation with real-world applications,
it highlights the potential of network medicine to advance our under-
standing of complex diseases and to support the development of preci-
sion medicine strategies.

Declaration of competing interest

The author has no conflicts of interest to declare.

References

[1] A.L. Barabasi, N. Gulbahce, J. Loscalzo, Network medicine: a network-based
approach to human disease, Nat. Rev. Genet. 12 (1) (2011) 56-68.

[2] Y. Hasin, M. Seldin, A. Lusis, Multi-omics approaches to disease, Genome Biol. 18
(1) (2017) 83.

[3] M. Vidal, M.E. Cusick, A.L. Barabasi, Interactome networks and human disease,
Cell 144 (6) (2011) 986-998.

Biotechnology Reports 50 (2026) e00957

[4] J. Loscalzo, 1. Kohane, A.L. Barabasi, Human disease classification in the post-
genomic era: a complex systems approach to human pathobiology, Mol. Syst. Biol.
3(2007) 124.

[5] P.Paci, G. Fiscon, F. Conte, R.S. Wang, L. Farina, J. Loscalzo, Gene co-expression in
the interactome: moving from correlation toward causa- tion via an integrated
approach to disease module discovery, Npj Syst. Biol. Appl. 7 (1) (2021) 3.

[6] P. Sibilio, F. Conte, Y. Huang, P.J. Castaldi, C.P. Hersh, D.L. DeMeo, E.

K. Silverman, P. Paci, Correlation-based network integration of lung RNA
sequencing and DNA methylation data in chronic obstructive pulmonary disease,
Heliyon 10 (2024) e31301.

[7] P. Paci, G. Fiscon, F. Conte, V. Licursi, J. Morrow, C. Hersh, M. Cho, P. Castaldi,
K. Glass, E.K. Silverman, L. Farina, Integrated transcriptomic correlation network
analysis identifies COPD molecular determinants, Sci. Rep. 10 (1) (2020) 3361.

[8] P. Paci, G. Fiscon, SWIMmeR: an R-based software to unveiling crucial nodes in
complex biological networks, Bioinformatics 38 (2) (2022) 586-588.

[9] P. Paci, T. Colombo, G. Fiscon, A. Gurtner, G. Pavesi, L. Farina, SWIM: a compu-
tational tool to unveiling crucial nodes in complex biological networks, Sci. Rep. 7
(2017) 44797.

[10] G. Fiscon, F. Conte, P. Paci, SWIM tool application to expression data of glio-
blastoma stem-like cell lines, corresponding primary tumors and conventional
glioma cell lines, BMC Bioinform. 19 (Suppl 15) (2018) 436.

[11] G. Fiscon, P. Paci, SAveRUNNER: an R-based tool for drug repurposing, BMC
Bioinform. 22 (2021) 150.

[12] G. Fiscon, F. Conte, L. Farina, P. Paci, SAveRUNNER: a network-based algorithm
for drug repurposing and its application to COVID-19, PLoS Comput. Biol. 17 (2)
(2021) e1008686. Journal IF: 4.779.

[13] P. Paci, G. Fiscon, F. Conte, R.S. Wang, D.E. Handy, L. Farina, J. Loscalzo,
Comprehensive network medicine-based drug repositioning via integration of ther-
apeutic efficacy and side effects, Npj Syst. Biol. Appl. 8 (1) (2022) 12.

[14] P. Paci, F. Conte, Alzheimer’s disease: insights from a network medicine perspec-
tive Federica Conte, Paola Paci, Sci. Rep. 12 (2022) 16846.

Paola Paci

Department of Computer, Control and Management Engineering, Sapienza
University of Rome, Rome, Italy

E-mail address: paci@diag.uniromal.it.


http://refhub.elsevier.com/S2215-017X(26)00012-3/sbref0001
http://refhub.elsevier.com/S2215-017X(26)00012-3/sbref0001
http://refhub.elsevier.com/S2215-017X(26)00012-3/sbref0002
http://refhub.elsevier.com/S2215-017X(26)00012-3/sbref0002
http://refhub.elsevier.com/S2215-017X(26)00012-3/sbref0003
http://refhub.elsevier.com/S2215-017X(26)00012-3/sbref0003
http://refhub.elsevier.com/S2215-017X(26)00012-3/sbref0004
http://refhub.elsevier.com/S2215-017X(26)00012-3/sbref0004
http://refhub.elsevier.com/S2215-017X(26)00012-3/sbref0004
http://refhub.elsevier.com/S2215-017X(26)00012-3/sbref0005
http://refhub.elsevier.com/S2215-017X(26)00012-3/sbref0005
http://refhub.elsevier.com/S2215-017X(26)00012-3/sbref0005
http://refhub.elsevier.com/S2215-017X(26)00012-3/sbref0006
http://refhub.elsevier.com/S2215-017X(26)00012-3/sbref0006
http://refhub.elsevier.com/S2215-017X(26)00012-3/sbref0006
http://refhub.elsevier.com/S2215-017X(26)00012-3/sbref0006
http://refhub.elsevier.com/S2215-017X(26)00012-3/sbref0007
http://refhub.elsevier.com/S2215-017X(26)00012-3/sbref0007
http://refhub.elsevier.com/S2215-017X(26)00012-3/sbref0007
http://refhub.elsevier.com/S2215-017X(26)00012-3/sbref0008
http://refhub.elsevier.com/S2215-017X(26)00012-3/sbref0008
http://refhub.elsevier.com/S2215-017X(26)00012-3/sbref0009
http://refhub.elsevier.com/S2215-017X(26)00012-3/sbref0009
http://refhub.elsevier.com/S2215-017X(26)00012-3/sbref0009
http://refhub.elsevier.com/S2215-017X(26)00012-3/sbref0010
http://refhub.elsevier.com/S2215-017X(26)00012-3/sbref0010
http://refhub.elsevier.com/S2215-017X(26)00012-3/sbref0010
http://refhub.elsevier.com/S2215-017X(26)00012-3/sbref0011
http://refhub.elsevier.com/S2215-017X(26)00012-3/sbref0011
http://refhub.elsevier.com/S2215-017X(26)00012-3/sbref0012
http://refhub.elsevier.com/S2215-017X(26)00012-3/sbref0012
http://refhub.elsevier.com/S2215-017X(26)00012-3/sbref0012
http://refhub.elsevier.com/S2215-017X(26)00012-3/sbref0013
http://refhub.elsevier.com/S2215-017X(26)00012-3/sbref0013
http://refhub.elsevier.com/S2215-017X(26)00012-3/sbref0013
http://refhub.elsevier.com/S2215-017X(26)00012-3/sbref0014
http://refhub.elsevier.com/S2215-017X(26)00012-3/sbref0014
mailto:paci@diag.uniroma1.it

	Network-based analysis and multi-omics approaches for biology and medicine
	Declaration of competing interest
	References


