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Information generated via next-generation sequencing (NGS) technologies is often
termed multi-omics data. This includes information on DNA, RNA, protein, and epigenetic
modifications, among others. Using data science in cancer genomics provides a better
understanding of the molecular basis of different cancers, enabling the exploitation of this
information to match each patient with the most appropriate molecularly targeted therapy,
widely known as “precision medicine” [1,2]. While traditional chemotherapy and radiation
treatments target cellular processes common to both healthy and cancerous cells, precision
medicine directs newly developed treatments, specifically to cancer cells, based on their
underlying molecular profile.

The field of oncology and precision medicine is rapidly evolving, fueled by the devel-
opment of new laboratory and computational technologies for interrogating the molecular
and cellular traits of cancer. In this setting, the integration of data science has become a
cornerstone for advancing our understanding and treatment of cancer [3]. This Special
Issue, entitled “Data Science in Cancer Genomics and Precision Medicine”, presents a
collection of seven cutting-edge studies that characterize the synergy between data science
and oncological research. These contributions not only showcase new findings, but also
indicate the path toward personalized cancer care, underscoring the essential role of big
data, genomic analysis, and computational biology in transforming patient outcomes.

The first publication of this Issue, submitted by Kraus et al., presents an unprecedented
examination of how precision medicine can be used to more effectively combat HPV-related
gynecological malignancies. In cervical cancer treatments, several targeted approaches
have been used over the past years, including the anti-VEGF inhibitor (bevacizumab) [4],
anti-PD-1 checkpoint inhibitor (pembrolizumab) [5], or an antibody-drug conjugate that
targets tissue factors (tisotumab-vedotin (TV-1) [6]). By conducting a comprehensive retro-
spective analysis of patients’ molecular profiles at a tertiary cancer center, the authors delve
into the practical application of precision oncology, revealing both its enormous potential
and the significant challenges it faces in real-world settings. The discovery of a significant
number of actionable mutations in the patient cohort highlights the promise of tailored
treatments, implying a future in which therapy is tailored to the genetic makeup of an
individual’s cancer, potentially improving outcomes and reducing side effects. In addition,
the study provides a thorough overview of the cases handled by the interdisciplinary
Molecular Tumor Board, demonstrating the complex decision-making processes involved
and the factors that can cause deviations from recommended precision oncology pathways.
Furthermore, this study sheds light on the broader implications of the integration of data
science into oncology. It demonstrates how genomic data can guide treatment decisions,
pointing to a future in which cancer care is highly personalized. However, it also reflects
the systemic and infrastructural changes required to make this future a reality, such as im-
proving the accessibility of targeted treatments and ensuring that healthcare professionals
are prepared to interpret and act on complex genomic data.
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Furthermore, the study by Liu et al. on hepatocellular carcinoma (HCC) is an excellent
example of how data science can significantly improve our understanding of cancer genet-
ics. Genome-wide association studies (GWAS) are utilized to explore genetic associations
in various diseases, including HCC. Many studies have identified genetic factors that are
associated with the development of this disease and numerous single-nucleotide variations
(SNVs) in different genomic regions [7,8]. The authors mapped the previously unknown
genetic landscape of HCC using such a method, and they identified thirteen novel genetic
loci that may be important in the risk for and development of hepatocellular carcinoma.
This endeavor not only broadens the scope of our genetic knowledge about HCC, but also
emphasizes the importance of employing large-scale data analysis in modern oncology
research. The use of polygenic risk score (PRS) models enhances the significance of this
study’s findings, providing a more nuanced approach to understanding individual suscep-
tibility to HCC. Liu et al. demonstrate the universality of their findings by drawing on data
from a wide range of populations, including invaluable insights from the UK Biobank and
Japanese databases. This methodological inclusivity ensures that the implications of this
research are not constrained by geographical or ethnic boundaries, paving the way for the
development of universally applicable diagnostic and preventive measures.

In addition, the investigation by Ioannou et al. into kidney cancer through a systems
biology approach represents a significant step forward in the understanding and treatment
of this complex disease. By meticulously analyzing co-deregulated genes across various
studies taken from the Gene Expression Omnibus (GEO) using a new multivariate method
called CharacteristicDirection (CD) [9], the authors not only shed light on the molecular
intricacies of kidney cancer, but also opened the door to innovative therapeutic strategies.
The identification and annotation of co-deregulated genes across different kidney cancer
subtypes reveals the diverse molecular mechanisms at play. Through the use of advanced
computational tools, the authors dissect the complex networks formed by these genes
and their upstream regulators, laying the genetic underpinnings of kidney cancer bare
in unprecedented detail. Moreover, by leveraging databases such as CMap, DrugMatrix,
and LINCS L1000, the researchers highlight several existing drugs that could potentially
reverse the expression of the identified co-deregulated genes, thus offering new hope for
kidney cancer treatment. This aspect of the research underscores the practical implications
of these findings, demonstrating how computational biology can bridge the gap between
gene expression studies and real-world therapeutic applications.

While the expression of androgen receptor (AR) is more prevalent in breast cancer than
estrogen receptor (ER) activity [10,11], the detailed molecular role of AR in breast cancer
remains unresolved. It has previously been shown that AR supports estradiol-mediated
ER activity in ER-positive/ AR-positive breast cancer [12]. AR inhibition can be synergized
with tamoxifen to reduce the proliferation of ER-positive breast cancer [13]. The study by
Long et al. delves into the nuanced interplay between the expression of AR and ER in
breast cancer, challenging long-standing classifications and opening up new avenues for
the development of patient-specific treatment paradigms. This research illuminates the
prognostic value of AR expression across different breast cancer subtypes, revealing that
AR positivity could herald a distinct clinical course and response to therapy, irrespective of
ER status. By dissecting the role of AR in both ER-positive and ER-negative breast cancers,
Long and colleagues not only contribute to a more refined understanding of breast cancer
biology, but also underscore the potential for using AR as a biomarker to guide treatment
decisions. This study is significant because it has the potential to change the clinical
management of breast cancer. Traditionally, breast cancer treatment strategies were heavily
reliant on the presence or absence of ER, PR, and HER2. Long et al.’s findings suggest
that incorporating the AR status into breast cancer subtyping could improve prognosis
and treatment customization. This approach could be especially beneficial for patients
with ER-negative breast cancer, where treatment options are limited and prognoses are
frequently poor. By identifying a subset of ER-negative breast cancers with positive levels
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of AR expression, the study points to the possibility of using AR as a therapeutic target,
potentially expanding the arsenal of treatments available for this challenging group.

An important issue that was not addressed until recently is the analysis of genes and
signaling pathways that are co-deregulated across the molecularly heterogeneous subtypes
of lung cancer [14,15]. The analysis of co-deregulated signaling pathways across these
subtypes could be extremely useful in their treatment. In their meticulous investigation
into lung cancer, Chatziantoniou and Zaravinos dissect the complex molecular landscape
of lung cancer through the prism of co-deregulated genes and their intricate networks.
By leveraging a robust methodology that combines the analysis of gene expression data
with the exploration of drug databases, this study casts new light on the genetic intri-
cacies driving lung cancer progression and responses to therapy. This exploration into
the co-deregulated genes not only deepens our understanding of lung cancer’s molecular
underpinnings, but also opens up new opportunities for the development of personalized
treatment avenues. The significance of this work lies in its potential to revolutionize lung
cancer treatment by moving beyond the traditional one-size-fits-all approach. By iden-
tifying specific gene networks that are altered across different subtypes of lung cancer,
the study underscores the heterogeneity of this disease, advancing a tailored approach to
treatment that considers the unique genetic makeup of each tumor. This level of granularity
in understanding the molecular drivers of lung cancer could lead to more effective and less
toxic therapeutic options, enhancing patient outcomes. Furthermore, the study’s emphasis
on drug repurposing based on the identified co-deregulated genes suggests a cost-effective
and time-efficient approach to discovering new treatment options.

Diverse research fields are focusing on heterogeneous gene regulatory networks in
order to better understand disease mechanisms. Several computational methods have been
developed for their estimation. Furthermore, the effectiveness of these gene networks has
been validated in a variety of studies, including drug combination identification and cancer
prediction projects [16,17]. Nevertheless, most of these studies have used averaged gene
networks across cell lines, leading to the inability to identify specific gene regulatory net-
works. The comprehensive review by Heewon Park is a nice example of the transformative
potential of computational biology in terms of investigating gene regulatory networks that
underpin the epithelial-mesenchymal transition (EMT) in cancer. EMT plays a crucial role
in cancer progression, metastasis, and resistance to therapy, representing a pivotal area of
research for developing targeted cancer treatments. Park’s review meticulously explores
the nuances of EMT status across different cell lines, shedding light on the molecular
dialogues that dictate this complex biological process. By emphasizing the significance of
computational strategies, this study delineates a roadmap for leveraging data science to
decode the multifaceted nature of cancer progression, thereby advancing the frontier of
precision medicine. This review also offers insights into the various methodologies and
algorithms that can be employed to estimate cell-line-specific gene regulatory networks.
This exploration is crucial for understanding how different EMT statuses can influence
cancer behavior, including tumorigenesis, invasion, and metastasis. Park underscores the
importance of this understanding for identifying potential therapeutic targets that could
inhibit or reverse the EMT process, thus impeding cancer progression. Moreover, the
review introduces an explainable artificial intelligence (AI) approach for interpreting the
vast quantity of data generated by studying multiple EMT-status-specific gene networks.
This aspect of the work is particularly noteworthy as it addresses a significant challenge in
computational biology: the interpretation of complex, high-dimensional data in a manner
that is both comprehensive and accessible to researchers and clinicians. By employing
explainable Al, Park’s review illuminates a path toward not only understanding but also
effectively communicating the insights gleaned from computational analyses, thereby
enhancing their applicability in clinical settings.

Another comprehensive review by Alizadeh et al. serves as a pivotal exploration
into the field of gastroenterology research, spotlighting the revolutionary role of big data
and multi-omics approaches in unveiling the multifaceted nature of gastrointestinal dis-
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eases. The study shows how the combined use of genomic, transcriptomic, proteomic, and
metabolomic data can provide a holistic understanding of the underlying mechanisms
that drive various gastrointestinal conditions, including cancer. By advocating for the
integration of these multi-omics approaches, this review not only emphasizes the complex-
ity of biological and disease processes, but also showcases the immense potential of data
science to transform our approaches to research, diagnosis, and treatment. Interestingly,
the significance of this review extends beyond gastroenterology, benefiting the larger scien-
tific community interested in using big data to address complex health issues. The study
meticulously outlines the advantages of a holistic omics approach, such as the ability to
discover new biomarkers for disease, identify therapeutic targets, and comprehend the
molecular basis of disease progression and responses to treatment. This comprehensive
perspective is critical for advancing personalized medicine, which allows treatments to
be tailored to each individual patient based on a thorough understanding of their unique
biological makeup. Furthermore, the review emphasizes the challenges and opportunities
that come with integrating big data into healthcare research. The authors discuss potential
pitfalls in study design and execution, providing valuable insights into how to navigate
the complexities of big data analysis while avoiding common mistakes. This guidance is
critical for ensuring that multi-omics research delivers tangible benefits for patient care.

Finally, I would like to thank the authors, reviewers, and Editorial Team for their in-
valuable contributions to this Special Issue. Taken together, these studies demonstrate data
science’s incredible potential to transform cancer genomics and precision medicine. They
not only provide invaluable insights into the molecular underpinnings of various cancers,
but also lay the groundwork for the next generation of personalized cancer therapies. As
we approach a new era in oncology, the contributions in this Special Issue serve as both a
testament to our current accomplishments and a roadmap for the future of cancer research
and treatment.
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