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Abstract

PPM is now the recommended standard for oncology care. Individualizing treatment is thus becoming a core objective of the
personalized and precision medicine (PPM), and its valuable branch, entitled as Personalized & Precision Oncology/PPO).
PPO is emerging as a complementary approach that aims to bridge the gap between genotype and phenotype by modelling
individual tumors in vitro. Those patient- and pre-cancer person-at-risk-derived ex vivo models largely preserve several tumor
characteristics that are not captured by genomics approaches and enable the functional dissection of tumor vulnerabilities in
a PPM-guided manner. Those trends and developments have opened exciting new avenues for PPO-guided clinical practice,

with the potential for successful applications in contexts in which genomic data alone are not informative.
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Introduction: Annotation

PPM is now the recommended standard for oncology
care. Individualizing treatment is thus becoming a
core objective of the personalized and precision
medicine (PPM), and its valuable branch, entitled as
Personalized & Precision Oncology/PPO). PPO is
emerging as a complementary approach that aims to
bridge the gap between genotype and phenotype by
modelling individual tumors in vitro. Those patient-
and pre-cancer person-at-risk-derived ex vivo models
largely preserve several tumor characteristics that are
not captured by genomics approaches and enable the
functional dissection of tumor vulnerabilities in a
PPM-guided manner. Those trends and developments
have opened exciting new avenues for PPO-guided
clinical practice, with the potential for successful
applications in contexts in which genomic data alone
are not informative. To really understand PPO, we
would have to understand the various fields of
translational applications that provide the tools to
exploit and practice PPO, and genomics- and

phenomics-related tools, in particular! So, PPM and
PPO along with the “OMICS-guided” diagnostic,
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predictive, prognostic and therapeutic manipulatios
are expressions used for this paradigm shift often
interchangeably [17-31].

The uptake of PPM, while advancing in cancer care,
has faced several adoption challenges, including
education, policy, and practical factors. For instance,
personalized cancer treatment in particular stands to
highly benefit from PPO-driven therapies, since
extensive variability between tumors presents a need
to target each case in a personalized manner. At this
point, personalized cancer therapy is considered to be
a treatment strategy centered on the ability to predict
which patients are more likely to respond to specific
cancer therapies. This approach is founded upon the
idea that cancer biomarkers are associated with
patient prognosis and tumor response to therapy.
And personalized tumor molecular profiles (tumor
biomarkers can be OMICS-profiles that predict
therapy response) tumor disease site and other
characteristics are then potentially used for
determining optimum individualized therapy options
(1831]. Improved cancer patient (or pre-cancer
person-at-risk) outcomes with the application of the
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biomarker tests must consider not only increased
survival or quality of life, but also improved clinical
decision support (CDS) & making leading to the
avoidance of unnecessary therapy or toxicity. So,
bioinformatics, artificial intelligence (Al), machine
learning (ML) and biostatistics will be crucial in
translating those Big Data into useful clinical and pre-
clinical applications, leading to improved diagnosis,
prediction, prognostication and treatment [32-37].

The EDITORIAL describes along modern modes and
technologies of diagnostics, translational cancer
therapeutics and the way forward from clinical and
molecular diagnosis to treatment. Also, the Review
concerns the role of bioinformatics and biostatistics,
considering the Big Data analysis serving PPM and
PPO approaches. Facilitating the transformation
toward PPM that will improve patient outcomes in
the oncology setting requires a coordinated effort
among policymakers, cancer agencies, health systems,
and industry. To implement PPM effectively in cancer
practice requires an informatics solution beyond the
legacy electronic medical record platforms currently
available to clinical teams. Therefore, the proposed
EDITORIAL demonstrates the successful evidence
for the use of PPM-driven resources in the treatment
of cancer and its future clinical perspectives as PPO-
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driven trends. The latter fills the gaps in cancer
biology and oncology with its up-to-date content and
well-designed sections. It will serve as a valuable
resource for biodesigners, general practitioners,
oncologists, medical students, and interdisciplinary
researchers. And the concept of PPM and PPO as its
branch appear to hold promising results, having
potential benefits for the effectiveness of care, new
disease taxonomy, and population healthcare as a
whole.

The Introductory comments

Contemporary views of human disease (including
cancer) and thus modern medicine, clinical oncology
and healthcare are based on simple correlation
between clinical syndromes, pathological analysis and
data rooted in the latest research and applications. In
this context, the link that might exert reliable control
over morbidity, mortality and disabling rates and to
thus improve the healthcare services and to
significantly optimize the efficacy of treatment for

those who had fallen ill (patients) and for persons-at-
risk is Personalized & Precision Medicine (PPM) (Fig.
1).
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Figure 1: Personalized & precision medicine (PPM) as a Model of Healthcare Services of the Next-Step Generation

PPM refers to the tailoring of diagnostics or
therapeutics to individual patients based on their
unique genetic and physiologic characteristics.
Although “personalized or individualized care” (i.e.,
tailoring investigations and therapies to each patient)
has long been the hallmark of good clinical care, more
recently, an emphasis on genomics, proteomics and
other biologic omics platforms has come to be
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understood to  underpin  personalized care.
Personalized medicine takes these differences and
implements preventions/treatments tailored to the
individual. Precision medicine identifies differences
in individuals, categorizing based on environmental,
biological, and psychosocial factors.

PPM is one of the most promising approaches to
tackling diseases that have thus far eluded effective

2
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treatments or cures. In particular, cancer, takes an
enormous toll on individuals, families and societies as
a whole. An example of current personalized care is
the use of biomarkers and targets to better delineate
disease subtype, define prognosis or to inform therapy
decisions. With regard to cancer, PPM most often
means looking at how changes in certain genes or
proteins in a person’s cancer cells might affect their
care, such as their treatment options. PPM holds
promise for better personalization of care in the
future. To achieve further improvements in health
care, progress on all of those fronts needs to continue,

not just in OMICS-based PPM [16,38].

Systems Biology
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PPM uses a patient’s genetic profile to guide decisions
about disease prevention, diagnosis, and treatment.
That is GENES, GENOME CLUSTERS and
GENOME LANDSCAPES are really the core of PPM
being assessed and analyzed by diagnostic, predictive
and prognostic analytics tools, on one hand and
presented to the practitioners, on the other one. PPM
as being the Grand Challenge to forecast, to predict
and to prevent is rooted in a big and a new science
generated by the achievements of systems biology [39-

47] (Fig. 2A, B).

_. = —™>_Ecological
-
L
7
’
’
“
! ~
1 N
\
! \
\
Organismal
- Systems
. Data integration
4 TRy oot megraton
A
\\ ]
\ System modeling
N\
/
~ “ 7’
“~ -’
~ -
~Na o i i -
Physiological

Figure 2A: Systems Biology in theory

Systems biology is a comprehensive quantitative
analysis of the manner in which all the components
of a biological system interact functionally over time.
Systems biology is a field of research that focuses on
understanding whole biological systems, such as
protein complexes, metabolic pathways, or gene
regulatory networks, and it attempts to understand
cells, tissues, and organisms and how they behave and
function from a systems perspective. Systems biology
is an integrative discipline connecting the molecular
components within a single biological scale and also
among different scales (e.g., cells, tissues and organ
systems) to physiological functions and organismal
phenotypes  through  quantitative  reasoning,
computational  models and  high-throughput
experimental technologies. In other words, systems
biology is a computational and mathematical analysis
and modeling of complex biological systems, and a
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systemic view of biological issues means that the
function of no organ is independent of the other so
that the behavior of all components will affect the
behavior of the whole system.

The masses of data generated by high-throughput
technologies are challenging to manage, visualize, and
convert to the knowledge required to improve patient
(including cancer patient and pre-cancer person-at-
biology integrates
engineering, physics, and mathematical approaches
with biologic and medical insights in an iterative
process to visualize the interconnected events within
a cell that determine how inputs from the
environment and the network rewiring that occurs
due to the genomic aberrations acquired by patient
tumors determines cellular behavior and patient
outcomes. A cross-disciplinary systems biology effort
will be necessary to convert the information

risk)  outcomes.  Systems
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contained in multidimensional data sets into useful
specific (including cancer) biomarkers that can classify
patient tumors by prognosis and response to
therapeutic modalities and to identify the drivers of
tumor behavior that are optimal targets for cancer
therapy. An understanding of the effects of targeted
therapeutics on signaling networks and homeostatic
regulatory loops will be necessary to prevent
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inadvertent effects as well as to develop rational
combinatorial therapies. Systems biology approaches
identifying molecular drivers and biomarkers will lead
to the implementation of smaller, shorter, cheaper,
and individualized clinical trials that will increase the
success rate and hasten the implementation of
effective therapies into the clinical armamentarium

(39-44].

OMICS \
technologies

Meta
bolomics

Proteomics

JU0 ENZymes

Systems
biology

Figure 2B: Systems Biology in action

The goal of systems biology is to discover new
emergent properties in order to better understand the
entirety of processes that happen in a biological
system. In this model, biology dictates what new
technology and computational tools should be
developed, and, once developed, these tools open new
frontiers in biology for exploration. Thus, biology
drives technology and computation, and, in turn,
technology and computation revolutionize biology.
Some of the areas of study are listed below, along with
the associated 'OMICS. Globally, systems biology
combines: genomics, proteins, metabolomics. Systems
biology uses a wide range of quantitative experimental
and computational methodologies to decode
information flow from genes, proteins and other
subcellular components of signaling, regulatory and
functional pathways to control cell, tissue, organ and
organismal level functions. The computational
methods used in systems biology provide systems-level
insights to understand interactions and dynamics at
various scales, within cells, tissues, organs and
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organisms. In recent vyears, the systems biology
framework has enabled research in quantitative and
systems pharmacology and precision medicine for
complex diseases. Systems biology is actively
transforming the field of modern health care from
symptom-based disease diagnosis and treatment to
precision medicine in which patients are treated based
on their individual characteristics. Development of
high-throughput  technologies such as high-
throughout sequencing and mass spectrometry has
enabled scientists and clinicians to examine genomes,
transcriptomes, proteomes, metabolomes, and other
omics information in unprecedented detail. This
“omics” information leads to a global profiling of
health and disease, and providing new approaches for
personalized health monitoring and preventative

medicine [48-51].

Integrative Medicine
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Figure 2C: Integrative medicine

Integrative medicine, as defined by the American
Board of Integrative Medicine® (ABOIM) and the
Consortium of Academic Health Centers for
Integrative Medicine, is the practice of medicine that
reaffirms the importance of the relationship between
practitioner and patient, focuses on the whole person,
is informed by evidence, and makes use of all
appropriate therapeutic approaches, healthcare
professionals, and disciplines to achieve optimal
health and healing. Integrative health and medicine
have emerged as a movement that focuses on the
whole person, considering the individual in its

physical, psychological, spiritual, social and
environmental context, and is inclusive of all
professions and practices that use this approach.
Integrative health and medicine stand for an evidence-
informed integration of conventional biomedicine
with traditional and complementary medicine
(T&CM). All appropriate therapeutic approaches and
healthcare disciplines are used to achieve optimal
health and healing, while recognizing and respecting

the unique contribution from many medical systems

(52,53].
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Figure 2D, E: Modern approaches towards biomedical translation: predicting translational progress in biomedical research
& applications

The impact of systems biology & fundamental
biological discoveries is not reaching the clinical
setting at a pace that was expected. In order to bridge
this gap, the focus of biomedical researchers has
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shifted from  OMICS-driven  discoveries to
“translating” only clinically relevant biological
information. The change in focus has redirected the
field of design-driven biotechnology toward what
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“translational research,” which is the buzzword of the
era. By definition, translational & applications are
“an interdisciplinary branch of the biomedical field
supported by three main pillars: bench-side, bedside,
and community,” Stemming from translational
biotechnology came system biology, bioengineering,
and so on. Combining such biomedical information
from different layers of OMICS-data can ultimately
help us in revealing the landscape of molecular
mechanisms involved in highly prevalent complex
diseases like cancer.

Translational medicine (also referred to as
translational science) is a discipline within biomedical
and public health research that aims to improve the
health of individuals and the community by
“translating”  findings into  diagnostic  tools,
medicines, procedures, policies and education.
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Translational medicine, area of research that aims to
improve human health and longevity by determining
the relevance to human disease of novel discoveries in
the biological sciences. Translational medicine seeks
to coordinate the use of new knowledge in clinical
practice and to incorporate clinical observations and
questions into scientific hypotheses in the laboratory.
Thus, it is a bidirectional concept, encompassing so-
called bench-to-bedside factors, which aim to increase
the efficiency by which new therapeutic strategies
developed through basic research are tested clinically,
and bedside-to-bench factors, which provide feedback
about the applications of new treatments and how
they can be improved. Translational medicine
facilitates the characterization of disease processes and
the generation of novel hypotheses based on direct
human observation [54-56].

Whilst integrating platforms of OMICS-technologies
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Figure 3B: Integrative Personal OMICS Profile Analysis (Multi-OMICS profiling)

Various types of systems data can be generated and
integrated with the multi-OMICS integrative analysis.
Multiomics is a new approach where the data sets of
different OMICS groups are combined during
analysis. The different OMICS strategies employed
during  multiomics are proteome,
transcriptome,  epigenome, and  microbiome.
Development of high-throughput technologies such

genome,

as sequencing and mass spectrometry has enabled
scientists and clinicians to examine genomes,
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transcriptomes, proteomes, metabolomes, and other
omics information in unprecedented detail. This
“omics” information leads to a global profiling of
health and disease, and providing new approaches for
personalized health monitoring and preventative
medicine. This approach is highly modular and can
be tailored to meet specific needs of different studies
[19-31, 57-59]. whose data is analyzed, integrated,
mined and clinically interpreted by a set of algorithms
and software of bioinformatics (Fig. 4A, B).
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Figure 4A, B: PPM informatics & Big Data analytics

(G) Classification of enabling tools and techniques in
three areas of PPM-driven informatics: clinical
informatics, biomedical informatics, and
participatory health informatics.

(H) Integrated Big Data accumulated from a variety of
PPM-dependent sources, including OMICS data,
social & behavioral data, environmental data and
personal client data (including EMRs and disease
story).

Nowadays, the increasing availability of OMICS and
related data, due to both the advancements in the
acquisition of translational application results and in
systems biology simulation technologies, provides the
bases for PPM. Success in PPM depends on the access
to healthcare and biomedical data. To this end, the
digitization of all clinical exams and medical records
is becoming a standard in hospitals. The digitization
is essential to collect, share, and aggregate large
volumes of heterogeneous data to support the
discovery of hidden patterns with the aim to define
predictive models for biomedical purposes. Patients’
data sharing is a critical process. In fact, it raises
ethical, social, legal, and technological issues that
must be  properly addressed. Meanwhile,
fragmentation and heterogeneity of available data
makes it challenging to readily obtain firsthand
information regarding some particular diseases,
drugs, genes and variants of interest. So, both medical
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professionals and IT experts across the globe have
started to device computational infrastructural
solutions to address the need of timely and precise
decision on a patient health issue. It is a high time for
both the informatics community and the medical
community to collaborate with each other to make a
combine effort for achieving the common goal of a
better-quality patient care. To understand the IT-
related viewpoint of how the PPM is implemented, we
provided an overview of enabling tools and
techniques in three potential areas: biomedical
informatics, clinical informatics, and participatory
health informatics. The integration of heterogeneous
data sources allows to lay the foundations for a series
of statistical assessments needed to answer more
complex questions that can be used in a variety of
fields, such as predictive and precision medicine. In
particular, studying the clinical history of patients
who have developed similar pathologies we could
allow to predict or individuate marks allowing early
diagnosis of possible illnesses [60-63]. Well, PPM is a
goal of upgraded healthcare of the nearest future to
come, in which diagnostic and treatment decisions
are informed byeach person's unique clinical,
OMICS-based, healthcare bureaucracy (medical
records, etc) (Fig. 5) and environmental (exposomics-
related) (Fig. 6) information.
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Health care informatics focuses on collecting, using,
and analyzing data and refers to using data and
information technology to improve clinical outcomes
and improve both the patient and provider
experience. The new applications of public health
informatics contribute to more timely and accurate
data for disease surveillance. Examples include
electronic laboratory reporting of notifiable diseases,
aided by new data transmission standards and
vocabularies; personal digital assistants or handheld
computers to collect data in the field that can be
downloaded into a database with no further data
entry requirements; geographic information systems
integrated with satellite images to provide
information about the spread of diseases; use of
mobile telephones to report surveillance data from
the field; and use of the Internet as an effective way to
share surveillance data with health care professionals
[64-66]).Figure 6: Exposome-driven human health

Human health is determined by the interaction of our
environment with the genome and microbiome,
which shape the transcriptomic, proteomic, and
metabolomic landscape of cells and tissues. Precision
environmental health is an emerging field leveraging
environmental and system-evel (‘omic) data to
understand underlying environmental causes of
disease, identify biomarkers of exposure and
response, and develop new prevention and
intervention strategies. The exposome is defined as
the totality of internal and external exposures across
the lifespan and their health effects. The external
exposome includes diet, nutrients, water, chemicals,
pollutants, toxins, and other environmental and
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geospatial exposures. The internal exposome can be
measured by untargeted metabolomics, encompassing
the small metabolites resulting from all the metabolic
processes. Expo omics intended to give a better
account of the complex relationships between genes
and environmental factors. As a complement to
OMICS data, studies on drug-exposome interactions
holds immense potential to elevate PPM to an
unprecedented level [64-67].

As you might see from the above-mentioned, PPM is
a form of the upgraded healthcare services that
recognizes that individuals with the same condition
may have different underlying factors and uses
molecular information to provide tailored treatments.
This approach can improve treatment outcomes and
transform lives through favorable risk/benefit ratios,
avoidance of ineffective interventions, and possible
cost savings, as evidenced in the field of cancer and
other oncology/therapeutic settings. However, the
potential benefits of PPM and thus PPO have yet to
be fully realized. The global goal of PPM is to combine
current medicine with molecular breakthroughs to
target patients individually and increase the efficacy
the therapeutic strategy.
Meanwhile, to secure therapeutic targeting which is
crucially important and valuable for the latter, whilst
implementing the key PPM-related resources into
clinical practice, there is a strong need to develop a
principally new approach based on biomarkers-driven
targeting aimed at subclinical and/or predictive
recognition of biomarkers long before the illness (e.g.,
cancer) clinically manifests itself [68-74] (Fig. 7).

and effectiveness of
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Molecular pathway maps indicate involvement of
multiple molecular mechanisms, and selected
biomarker candidates re-ported as associated with
disease progression are identified for specific
molecular processes and disease-related stages,
including risk factors, screening and diagnosis, and
prognosis covering the induction stage, latency
(subclinical or pre-illness) and clinical manifestations
[74-78]. This new biomarker-driven diagnostic and
monitoring technology will create a full digital
fingerprint of patient samples that will be able to
connect genotype, phenotype, diagnosis, treatment,

and outcome at the molecular level. Meanwhile, in
PPO, one of the ways to improve the specificity is to
move from a single to multiplex biomarkers, which
can additionally provide significantly increased
diagnostic, predictive and prognostic accuracy. Such
multiplex biomarkers should include information
from each level of systems biology bridging genomics,
transcriptomics, proteomics and metabolomics. This
approach would give a real opportunity to secure
diagnostic, predictive, and prognostic manipulations

(Fig. 8).
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Figure 8: Various roles of biomarkers in cancer treatment

Cancer biomarkers are categorized into several
segments based on their utility in various steps of
oncology practice, including: (i) diagnostic: for a
confirmed diagnosis of cancer and its extent (are also
useful to differentiate between the types of tumors
like benign or metastatic tumors, primary or
secondary site tumors, etc.); (ii) prognostic: (help
determine the aggressiveness of the detected tumor
and how the tumor will respond to the selected
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therapy - helps physicians to plan and design a proper
regimen for the patient); (iii) predictive: help in the
screening of cancer in a healthy patient, and also
could predict the risk of getting cancer in the future;
(iv) pharmacodynamics: the circulating biomarkers
access the drug response like its metabolism and
deposition in the body during a treatment course,
whilst helping to understand the optimum effective
dose of the drug; (v) recurrence: are useful in
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predicting the recurrence of disease in patients who
have undergone treatment and recovered from cancer
- periodic screening using assays of the biomarkers
helps understand the chances of disease recurrence;
(vi) monitoring: the response of treatment cycles in
killing tumor cells -it helps to treat physicians to
design future treatment goals [78-81].

This new  biomarkerdriven  diagnostic and
monitoring technology will create a full digital
fingerprint of patient samples that will be able to
connect genotype, phenotype, diagnosis, treatment,

ISSN:2996-4563 BioRes Scientia Publishers

and outcome at the molecular level. Meanwhile, in
PPO, one of the ways to improve the specificity is to
move from a single to multiplex biomarkers, which
can additionally provide significantly increased
diagnostic, predictive and prognostic accuracy. Such
multiplex biomarkers should include information
from each level of systems biology bridging genomics,
transcriptomics, proteomics and metabolomics. This
approach would give a real opportunity to secure
diagnostic, predictive, and prognostic manipulations

(82-87] (Fig. 9).
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Figure 9: Cancer biomarker and their clinical applications

Cancer biomarkers are the key to unlocking the
promise of PPO, selecting which patients will respond
to a more personalized treatment while sparing non-
responders the therapy-related toxicity. In cancer, a
biomarker refers to a substance or process that is
indicative of the presence of cancer in the body. A
biomarker might be either a molecule secreted by a
tumor or it can be a specific response of the body to
the presence of cancer. Genetic, epigenetic,
proteomic, and imaging biomarkers can be used for
cancer diagnosis, prognosis and epidemiology. Cancer
biomarkers must be embedded in the real world of
oncology delivery. Cancer biomarkers belong to a
variety of bio elements such as DNA, mRNAs,
proteins, Inc RNAs, miRNAs, exosomes, cellular
metabolites, and organic materials. Cancer patients
and pre-cancer persons-at-risk must be placed firmly at
the center of a cancer biomarker informed PPO-
driven care agenda [88-93]. In this context, cancer
biomarkers are any measurable molecular indicator of
risk of cancer, occurrence of cancer, or patient
outcome. They may include germline or somatic
genetic variants, epigenetic signatures, transcriptional
changes, and proteomic signatures. These indicators
are based on biomolecules, such as nucleic acids and
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proteins, that can be detected in samples obtained
from tissues through tumor biopsy or, more easily and
non-invasively, from blood (or serum or plasma),
saliva, buccal swabs, stool, urine, etc. And thousands
of species of RNAs, proteins, and metabolites are
suggested as candidate tumor biomarkers alone or as
constituents of multiplex signatures. If the patient is
already diagnosed with a certain cancer, RNA or
protein biomarker signatures may help to select a
specific therapy or to predict the probability of a
relapse. Meanwhile, detection technologies have
advanced tremendously over the last decades,
including techniques such as nextgeneration
sequencing, nanotechnology, or methods to study
circulating tumor DNA/RNA or exosomes.

Clinical applications of biomarkers are extensive:
much of the current PPM-related designed testing
platforms are focused on the identification of protein
biomarkers, which are distinct from genetic ones.
They can be used as tools for cancer risk assessment,
screening and early detection of cancer, accurate
diagnosis, patient prognosis, prediction of response to
therapy, and cancer surveillance and monitoring
response. They have the advantage that they make up
the actual molecular phenotype of disease, as they are

10
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at the end of the DNA-to-RNA-to-protein progression
from genotype to phenotype [94-99]. In this context,
novel technologies such as liquid biopsy and
companion diagnostics (theranostics) accompanied
evolving trends in PPO and prognostic and predictive
markers such as minimal residual disease [100-102].
Therefore, they can help to optimize making decisions
in clinical practice. Moreover, PPO is needed for
newly developed targeted therapies, as they are
functional only in patients with specific cancer genetic
mutations, and biomarkers are the tools used for the
identification of these subsets of patients. So, PPO
emerged as a new field encompassing small molecular
inhibitors and biologics.

Cancer is a multifaceted and complex disease that
results from the disruption of genetic, epigenetic, and
metabolic systems responsible for maintaining
physiological conditions in the cell. And thus, cancer
is characterized by uncontrollable overgrowth of
usually one particular cell type, which becomes a
cancer cell, and by spreading of these cancer cells to
lymph nodes and other organs of the body, what is
called metastatic disease. So, cancer heterogeneity
provides a formidable obstacle to optimizing clinical
protocols to achieve durable clinical responses. And
the absence of reliable cancer-related biomarkers for
the pre-early (subclinical) detection and progression
monitoring results in the generation of complex
cancer-related molecular pathways negatively impact
anticancer immune-mediated responses. As a result,
immunotherapy-based therapeutic modalities alone
or in combination with other standard or targeted
therapies provide limited clinical benefits for patients.
Therefore, it is imperative to discover biomarkers
suitable for selecting patients most likely to benefit
from therapies [103-111]. Biomarkers are crucial for
identifying the patients who are expected to derive
greatest advantage from canonical targeted therapy,
and pre-cancer persons-at-risk who do need a special
approach, including preventive therapeutic modes. In
case of cancer, tumor microenvironment plays a
crucial role in the process of growth and spreading of
cancer cells in the body. In this context, PPO
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describes a diverse set of strategies in cancer medicine
tailored to the unique biology of a patient’s disease.
This design of destroying cancer cells while leaving
normal cells intact rapidly expanded to most of tumor
types. And strategies range from the use of targeted
and/or smart therapies to the use of data from
genomic profiling to select treatments independent of
cancer type and its microenvironment, and hence go
beyond traditional organ-based oncology [112-119].

So, cancer biomarkers are the key to unlocking the
promise of PPO-guided trends, selecting which
patients or pre-cancer persons-at-risk will respond to a
more personalized treatment while sparing non-
responders the therapyrelated toxicity. We do
emphasize the need for cancer biomarkers
infrastructure to be embedded into PPM-driven and
PPO-guided health systems of the next step
generations. Cancer biomarkers must be embedded in
the real world of PPO-guided delivery and testing
must be implemented across the civilized medical
systems, with the intended aim of narrowing, not
widening the inequity gap for patients. And PPO is
thus mostly based on the high-throughput molecular
profiling of tumors which allows for the identification
of genomic modifications spotlighting appropriate
research and therapeutic targeting. A comprehensive
understanding of the landscape of genetic alterations
in tumors will certainly further advance our
understanding of the dynamic interactions between
tumor cells and immune subpopulations, resulting in
the development of rational combinatorial therapies.
In clinical settings, we need to timely model clinical
and multi-OMICS data to find statistical patterns
across millions of features to identify underlying
cancer-related biologic pathways, modifiable cancer
risk factors, and actionable information that support
early detection and prevention of cancer and pre-
cancer conditions, and development of new therapies
for better cancer patient care and pre-cancer
prevention. Moreover, we are witnessing the
transition toward understanding cancer as a
continuum by capturing spatial and temporal tumor

heterogeneity [107-109, 120-127] (Fig. 10).
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Figure 10: Inter-and intra-tumor heterogeneity dictates the response to HER2-targeted therapies

HER2+ breast cancers are characterized by a high
degree of inter(A-C) intra{D)
heterogeneity, both contributing to shaping the
response to HER2-directed therapies. In the case of
inter-tumor  heterogeneity, may be
detected at the level of tumor cells, such as the
expression of an estrogen receptor (ER, panel A) that,
upon HER2
escape/survival pathway. Additionally, intra-tumor
heterogeneity may rely on the different immune cell
infiltration that may be enriched in effector T and NK
cells, leading to a good response to treatment (panel
B), or in immune-suppressive cells, such as T
regulatory cells and tumor associate macrophages
(TAMs), leading to poor response (panel C).
Heterogeneity may also be detected among different
regions of the same tumor, with specific areas
enriched in the extracellular matrix and
TAM/myeloid cells that support the development of
micro-niches favoring the selection of resistant
neoplastic clones (panel D).

Tumor heterogeneity is regarded as a major obstacle
to successful PPM and PPO. The lack of reliable
response reflective  of
heterogeneity and associated resistance mechanisms
hampers identification of reliable biomarkers. By
contrast, oncogene addiction and paracrine signaling
enable responses  despite  tumor
heterogeneity. This strengthens researchers in their
efforts towards PPO. Given the fact that tumor
heterogeneity is an integral part of cancer evolution,
diagnostic tools need to be developed in order to
better understand the dynamics within a tumor.
Ultra-deep sequencing may reveal future resistant
clones within a (liquid) tumor biopsy. On-treatment

and tumor
differences

inhibition, functions as an

assays in vivo tumor

systemic

biopsies may provide insight into intrinsic or acquired
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drug resistance. Subsequently, upfront combinatorial
treatment or sequential therapy strategies
forestall drug patient
outcome. Finally, innovative response assays, such as
organoid patient-derived
xenografts, provide an extra dimension to correlate
molecular profiles with drug efficacy and control
cancer growth.

During the course of disease, cancers generally
become more heterogeneous. As a result of this
heterogeneity, the bulk tumor might include a diverse
collection of cells harboring distinct molecular
signatures with differential levels of sensitivity to
treatment. This heterogeneity might result in a non-
uniform distribution of genetically distinct tumor-cell
subpopulations across and within disease sites (spatial
heterogeneity) or temporal variations in the molecular
makeup of cancer cells (temporal heterogeneity).
Heterogeneity provides the fuel for resistance;
therefore, an assessment  of
heterogeneity is essential for the development of
effective therapies. Multi-region sequencing, single-
cell sequencing, analysis of autopsy samples, and
longitudinal analysis of liquid biopsy samples are all
emerging technologies with considerable potential to
dissect the complex clonal architecture of cancers. In
this Editorial, we discuss the driving forces behind
intra-tumoral  heterogeneity and the current
approaches used to combat this heterogeneity and its
We also how clinical
assessments of tumor heterogeneity might facilitate
the development of more-effective personalized
therapies [128-130]. By integrating multiple data
sources (multi-OMICS), each case of cancer can be
approached as if it represents a separate disease. The

may

resistance and improve

cultures or tumor

accurate tumor

consequences. explore

notion of PPO takes on new meanings as new levels
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of data are added to the understanding of cancer,
from complex biological, digital, clinical, behavioral,
and environmental data.

Cancer induction and progression through the vies of
PPO start from the symptoms and everything that can
be seen with the doctor’s naked eye, and the
resolution increases through the development of
microscopy, biochemistry, cell biology, and the birth
of pharmacogenetics. And the cancer-related disorder
begins to be reclassified starting from molecules to
symptoms; it is the stage in which the notions of
biomarkers and targeted therapies gain momentum.
Precision in this period is based on deciphering the
structure of DNA and the early stages of
biotechnology development. Later, PPO is dominated
by the development of high-capacity genomic
sequencing
genomic profiling, shifting the gears toward genomic
medicine and modern biotechnology, which today
underpins the development of most drugs. And,
finally, in the latest version of PPO, the
characterization of cancer will be of very high
resolution (single-cell multi-OMICS); it will be
dynamic (the transition from pre-cancer to cancer will
be predictable), comprehensive (multi-OMICS
biomarkers, spatial genomics, functional tests,

technologies, with comprehensive

organoid-driven precision medicine, multi-target
drugs, hybrid pharmacological constructs), and data-
driven (network medicine, Al, machine learning-
decision-making tools, human digital twins).

Meanwhile, establishing therapy options and
managing cancer treatments in the context of data
from multi-OMICS manipulations is believed to be
urgently necessary, and this view accelerates the
implementation of PPM-related resources in
oncology, resulting in PPO [131]. On a clinical PPO-
related perspective, integrative analysis of multiple
OMICS data gives a focus to functional targets being
highly valuable for clinical translation. The
integration of multiple biological layers of OMICS
data brought PPO to a new paradigm, from tumor site
classification to pan-cancer molecular classification,
offering new therapeutic opportunities for precision
medicine. On a more basic point of view, integrative
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data analysis heightens the OMICS fields, enables the
oncogenic  processes to be comprehensively
interrogated, leading to a broader understanding of
tumor biology and opening the way to integrative
tumor model development, whilst dramatically
accelerating the identification of robust biomarkers
toward the development of tailored cancer therapy.
The latter is an effective strategy to fight cancers by
bridging OMICS technologies, IT resources and drug
discovery trends to provide specific treatment for
patients and preventive prophylaxis for pre-cancer
persons-atrisk  (both  with  different
characteristics). And thus, not only efficacy but also
the adverse effects of drugs on cancer patients or pre-
cancer persons-atrisk should be taken into account
during the treatment [132,133].

genetic

In this context, high-throughput = OMICS
technologies allow the retrieval of comprehensive and
holistic biological information, whereas

computational capabilities enable high-dimensional
data modeling and, therefore, accessible and user-
friendly visualization. Rapid advances in high-
throughput technologies of biomedical informatics
aspects such as database storage and big data
management, integration of OMICS within EHR,
and interoperability have the potential to increase the
weight of PPO and PPM as a whole within clinical
cancer practice. The proposed architecture could
improve the potentialities of data routinely collected
in many health information systems to form a patient-
centered information [134,135].
Furthermore, bioinformatics has enabled
comprehensive  multi-OMICS and clinical data
integration for insightful interpretation
[134,136,137] cancer care, where the right cancer
treatment is given to the right person at the right time
determined by the use of specific biomarkers, targets,
tests and targeted drugs, is predicted to lead to better
outcomes and reduced risk of side effects for patients

environment

with cancer as well as reducing costs and improving
efficiencies for healthcare systems.
OMICS-driven Resources to fight Cancer

The development of PPO-guided and OMICS-
supported (Fig. 11).
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Figure 11: OMICS technologies as a Grand Portfolio to get PPM and PPO Armed

In this context, genetic testing and enhanced genomic
analysis have had a profound impact on the way in
which tumors are evaluated and classified. For
instance, in 2002 a mutation in the BRAF gene was
identified and found to be present in around half of
leading to  the
overproduction and spread of cancer cells. A number
of new drugs, including vemurafenib and dabrafenib,
which target proteins that prevent the immune system
attacking cancer cells, have been developed as a result
of this discovery [138]. Among a variety of the
alternative genetic tests, let me stress that predictive
genetic testing is really a crucial and valuable type of
testing used to look for inherited gene mutations that
might put a person at higher risk of getting certain
kinds of cancer. This type of testing might be
suggested for: a person with a strong family history of
certain types of cancer; a person already diagnosed
with cancer; and family members of a person known
to have an inherited gene mutation that increases
their risk of cancer. Prognostic biomarkers associate
host and tumor variables with clinical outcomes
independent of treatment, showcasing how aggressive
a tumor is likely to be [139-141]. These biomarkers
have an impact on the prognosis of cancer patients or
pre-cancer persons-atrisk regardless of treatment,
predicting the mean clinical outcome of a patient.
They can be used to stratify randomization by disease
risk, thus minimizing heterogeneity within the
subgroup and maximizing heterogeneity across
subgroups; to identify potential treatment targets; and
to direct treatment to specific patient subgroups.

After the genetic information obtained and thus is
available, the client (cancer patient or pre-cancer
person-atrisk) would contact genetic counseling
service for making the final CD making. Before and
after genetic testing, genetic counseling can help you

all metastatic melanomas

© 2024 Sergey Suchkov, et al.

understand what your test results might mean, your
risk of developing cancer, and what you can do about
this risk. Moreover, family cancer centers can advise
you about your risk of developing cancer, provide
genetic counselling and medical advice and, in some
situations, comprehensive genetic testing. The
implementation of PPO through OMICS-guided
profiling  technologies has increasingly been
integrated  with  standard  clinic-pathological
evaluations to enhance diagnosis, prognostication,
and prediction of clinical outcomes. And thus, the
number of druggable tumor-specific molecular
aberrations has grown substantially in the past decade,
with a significant survival benefit obtained from
biomarker matching therapies in several cancer types.
Molecular  pathology has therefore become
fundamental not only to inform on tumor diagnosis
and prognosis but also to drive therapeutic decisions
in daily practice. In this context, pharmacogenomics
(PGx) is one of the most important components of
PPO, which focuses on the association between
genetic variations and drug response. PGx can help
oncologists decide drug selection, dose adjustment,
and treatment period and prevent adverse drug
reactions. Specific genetic variations have been related
to clinically significant changes in drug disposition
between individuals, including wvulnerability to
adverse drug responses and therapeutic response or
efficacy. There is a substantial amount of scientific
evidence supporting the utility of pharmacogenomics
testing in cancer patient management [142-147]. PGx
testing (Fig. 12A, 12B) is aimed at tailoring cancer
drug therapy at a dosage that is most appropriate for
an individual cancer patient or a pre-cancer person-at-
risk, with the potential benefits of increasing the
clinical efficacy and individualized safety.
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Figure 12A: Predictive DNA testing in can-cer practice

Pharmacogenomic tests can be used to predict and to target medicines to good responders or to identify whether
an individual has an increased risk of a specific adverse drug reaction from a particular medicine.
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Figure 12B: Predictive DNA testing in cancer practice

Pharmacogenomic tests can be used to predict and to
target medicines to good responders or to identify
whether an individual has an increased risk of a
specific adverse drug reaction from a particular
medicine [142-147]. This scenario illustrates the
fundamental idea behind PPM and PPO: coupling
established clinical-pathological indexes with state-of-
the-art molecular profiling to create diagnostic,
prognostic, and therapeutic strategies precisely
tailored to each patient’s requirements. Recent
design-inspired biotechnological advances have led to
an  explosion of cancerrelevant  molecular
information, with the potential for greatly advancing
patient care. In reality, PPO is an emerging approach
for tumor treatment and prevention that takes into
account inter- and intra-tumor variability in genes,
tumor (immune) environment, and lifestyle and
morbidities of each person diagnosed with cancer
(including pre-cancer person-atrisk). PPM-driven

© 2024 Sergey Suchkov, et al.

PPO-armed cancer therapy have the potential to tailor
therapy towards the oncogenic drivers of the tumor
and modulate the tumor immune environment.
Furthermore, PPO aims to optimize tumor response,
thereby taking into account the therapy-induced
toxicities for each specific patient. In this way,
optimized tumor response is combined with the
preservation of organ function and, thus, quality of
life. Moreover, this ensures better patient care in the
end, which is, of course, what it aims for.

One of the crucially valuable and innovation areas of
PPO with the highest impact on the healthcare model
that shows the earliest and greatest promise is
molecular diagnostics and treatment of the next step
generation - panels of upgraded tools (companion
diagnostics and theranostics as tests and medicines)
used to identify specific biomarkers and profiled
targets of a disease, or disease susceptibility and aimed
to lead us to the approach of PPO.
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Moreover, = PPO  presents  principally new
opportunities for patients with cancer and pre-cancer
persons-atrisk as well, whilst emerging as the tumor
treatment and prevention that consider the cancer
variability in terms of gene expression patterns, tumor
specific (immune) microenvironment, and patients’
particular lifestyles and morbidities, covering huge
Data Sets! So, as PPO introduces a Big Data analysis
of PPO-guided OMICS approaches, there are still
challenges in the translation of all these data into
meaningful and equitable benefits to patients and
health care. And thus, each patient presents its
specific preferences, needs, tolerances, and unique
tumor vulnerabilities even when suffering from very
similar diseases or course of treatment, which
demands and highlight the importance of the PPO
approach and the personalized cancer or pre-cancer
care. In reality, it is time to recognize the possibility
that advanced computer implementation could
generate realworld data that
understanding of cancer, rapidly identify new

expand  our

treatments, and create personalized drugs or immune
therapies.

This perspective fosters the development of
specialized treatments for each specific subtype of
cancer, based on the measurement and manipulation
of key patient OMICS data. And the field of systems
biology, design-driven biotech and translational
applications would thus aid in the development of
diagnostic and therapeutic tools and medicines of the
next step generation by analyzing data from
preclinical and clinical studies. This approach is used
to develop predictive and prognostic tools that
replicate biological systems in order to characterize
their behavior and response in the context of disease
and drug development. This is particularly relevant to
forthcoming cancer treatments, as a significant
portion of oncology drugs in development are
personalized medicines. PPM therapies that are
currently being developed include cancer vaccines,
mAbs, and CAR T-cells [148]. Meanwhile, a lack of
medical guidelines has been identified by the majority
of responders as the predominant barrier for
adoption, indicating a need for the development of
best practices and guidelines to support the
implementation of PPO! Implementation of the
latter, being paired and integrated in one and new
entity, require a lot before the current model
“physician-patient” could be gradually displaced by a
new model “medical advisor-healthy person-atrisk”.
This is the reason for developing global scientific,
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clinical, social, and educational projects in the area of
PPM to elicit the content of the new branch.

A major challenge in PPO lies in establishing the
relationship between biological data, disease, design-
driven biotech and clinical translation: how can we
interpret “Big Data,” referring to the greater
collection of healthcare data across thousands of
patients and pre-cancer persons-atrisk, involving the
tracking of various medical indicators and biomarkers
(primarily clinical and OMICS data). collected to
make meaningful medical decisions?  High-
throughput data collection enables researchers, bio
designers and bioengineers to screen tissues for
thousands of molecular targets, effectively capturing
the response of a complex system over time.
Statistically interpreting trends from Big Data is a
discipline unto itself and is necessary for predictive
modeling and clinical decision support [149-157].
PPO as the trend toward PPM in oncology continues,
coordination of all health care stakeholders has
become more important than ever. Oncologists,
pathologists, and payers must work with
pharmaceutical, biotech and diagnostic companies to
develop products, services, and coverage policies that
improve patient outcomes and, as we have begun to
see, lower overall health care costs for institutions that
put personalized regimens in place.
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