ATHEWS

5]

Review Article

Mathews Journal of Case Reports

Briefly towards Biomarker-Driven Development and
Their Global Impact in the Personalized and Precision

Healthcare-Related Clinical Practice

Sergey Suchkov'%°* Daniel Scherman??, Alan Wu'5¢, Shawn Murphy”, David Smith'!, Hiroyuki Abe®,

Holland Cheng'?, Lidiia Sysoeva?, Philip D. Cotter??, John Aitken'*, Steven Dooley*®

!Department for Clinical Allergology & Immunology of the Russian University of Medicine, Moscow, Russia

2The Russian Academy of Natural Sciences, Moscow, Russia
SEPMA, Brussels, EU

*PMC, Washington, USA

SAMEE, Dundee, Scotland

SAHA, Houston, TX, USA

"MGH, Boston, MA, USA

SHarvard Medical School, Boston, MA, USA

°ISPM, Tokyo, Japan

10Centre de Recherche Pharmaceutique de Paris (CRP2); Faculté de Pharmacie, Université Paris Descarte, Centre National de la Recherche
Scientifique, Unité de Technologies Chimiques et Biologiques pour la Santé (UTCBS) Inserm, Paris, France

"Mayo Clinic, Rochester, MN, USA

12T College of Biological Sciences, UC Davis, CA, USA
3ResearchDx and PacificDx, Irvine, CA, USA
*0takaro Pathways, Christchurch, New Zealand

SMedizinische Fakultdt Mannheim der Universitdt Heidelberg 1l. Medizinische Klinik Molekulare Hepatologie, Germany

ABSTRACT

Personalized and precision medicinerelies on specificbiomarkers to guide
clinical decisions, distinguishing between predic-tive and prognostic
biomarkers. Biomarkers are crucial in diagnosis, risk assessment,
treatment guidance, and monitoring, with the potential to improve
treatment outcomes. Biomarkers are clinically significant to a wide range
of medical conditions, including cardiovascular diseases, autoimmune
disorders, and neurodegenerative diseases. In cancer research,
biomarkers enable risk assessment, diagnosis, prognosis determination,
treatment prediction, therapy monitoring, and revolutionizing clinical
decision-making. Designing trials for biomarker-guided therapy presents
numerous challenges. Despite these, bi-omarker-guided trials are crucial
for advancing personalized medicine and improving patient outcomes.
New generation of biomarkers, particularly microRNAs are gathering
attention into the realm of personalized and precision medicine due to
their diagnostic, prognostic, and predictive biomarker potential. However,
new types of biomarkers need to be researched and implemented to
harness this potential. Additionally, this article discusses the integration
of biomarkers into clinical prac-tice, the direction of potential research,
and the transformative impact new types of biomarkers can have on
personalized medicine. Ultimately, the article emphasizes the significance
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of biomarker research in advancing personalized healthcare
interventions, improving patient outcomes, and reshaping
the healthcare landscape.

Keywords: Biomarker, Biomarker classification, Clinical
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biomarker.
ABBREVATIONS

PPM: CFTR:
Cystic Fibrosis Transmembrane Conductance Regulator;
HLA: Human Leu-kocyte Antigen Allele; HIV: Human
Immunodeficiency Virus; PSA: Prostate-Specific Antigen;
COPD: Chronic Obstructive Pul-monary Disorder; CRP:
EGFR: Epidermal
Receptor; PPO: Personalized And Precision Oncol-ogy;
miRNAs: microRNAs; CTCs:
Cancer Protein Association Network; PPI: Protein-Protein
Interac-tions; NBBs: Network-Based Biomarkers (NBBs);

Personalized and Precision Medicine;

C-Reactive Protein; Growth Factor

Circulating Tumor; CPAN:

Abs: Antibodies (Abs); CatAbs: Catalytic Activity Antibodies;
MS: Multiple Sclerosis.

INTRODUCTION

The area of personalized and precision medicine (PPM) as
an upgraded model of healthcare services is an area of daily
clini-cal practice that involves the use of measuring specific
and/or targeted biomarkers as an area of clinical interest.
The success in the management of disorders directly depends
on the stage of the pathological process, and a wide range
of biomarkers, due to their high specificity, can diagnose
a disease and/or predict the risks of its development
at the preclinical stage with almost 100% probability.
Meanwhile, marker molecules are used to determine, in
particular, the state of cell damage pro-cesses, a number of
functionally important biomolecules, as well as the presence
of metabolites or precursor proteins, which are detected
thanks to innovative OMICS-technologies such as genomics,
proteomics, transcriptomics and metabolomics (Fig-ure 1).

Personalized
medicine

Figure 1. Personalized & precision medicine in revolutionizing healthcare [1].

Biomarkers play a crucial role in understanding and
monitoring the intricacies of the human body. They offer
valuable in-sights into biological processes, disease
diagnosis, treatment effectiveness, and patient outcomes,

enabling researchers and clinicians to make informed clinical

decisions. The identification of biomarkers to support
decision-making is central to PPM, in clinical scenarios. The
difference between a biomarker’s prognostic and predictive
value can be highly useful in charting a treatment plan for
patients and determining treatment outcomes (Figure 2).

https://doi.org/10.30654/M]JCR.10159
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Figure 2. Application of pattern biomarker in personalized & precision medicine [2].

PPM relies on validated biomarkers with which to better
classify patients by their probable disease risk, prognosis
and/or response to treatment. The challenge of PPM can be
seen in two halves: identifying predictive biomarkers and
prognostic markers.

the
development/use of tailored therapies - among common

Identifying predictive biomarkers, which guide

predictive bi-omarkers, such as in cystic fibrosis
transmembrane conductance regulator (CFTR) mutations
that can identify patients who respond more favorably than
others to particular treatments; human leukocyte antigen
allele (HLA)-B*5701 genotype to evaluate HIV patients
before the onset of abacavir treatment to identify patients
at risk for severe skin reactions; [3]; breast cancer genes-
BRCA 1 and 2 mutations as a predictive biomarker to identify
patients (women with platinum-sensitive breast cancer),
who are likely to respond to ADP-ribose-PARP inhibitors [4].
Identifying prognostic markers, which guide other as-pects
of care and clinical trial planning, i.e. prognostic markers can
be considered as covariates for stratification - breast can-
cer genes, BRCA 1 and 2, as prognostic biomarkers that can
help determine the likelihood of recurrence of breast cancer;
prostate-specific antigen (PSA) as a prognostic biomarker for
assessing disease progression in prostate cancer patients;
plasma fibrinogen can be used as a prognostic biomarker for
patients with the chronic obstructive pulmonary disorder
(COPD) to determine risk for exacerbation; C-reactive
protein (CRP) as a prognostic biomarker that can be used for
patients with a history of myocardial infarction or unstable
angina to identify risk of recurrent coronary artery disease
[5].

The rapid development of computation biology, systems
biology, and multi-OMICS is driving the development of
pattern recognition to discover reliable molecular pattern

biomarkers for biomarker-driven targeted treatment [6].

https://doi.org/10.30654/M]JCR.10159

Categories of biomarkers in clinical practice

To establish whether a marker is purely prognostic, it needs
to be demonstrated that there is a significant association
between the biomarker and outcome, regardless of
treatment, and that treatment effects do not depend on
the biomarkers. Biomarkers can be used in diagnostics, as
well as in assessment of disease severity, risk stratification,
prediction, guide clinical decisions, and help pick appropriate
treatment, modify therapy, and response to it. In this review,
we will analyze what characteristics a biomarker should
have and how to ensure its usefulness, and we will review the
biomarkers that in our opinion can make their knowledge
more useful to the reader in their clinical practice, with
a future perspective. Finally, a biomarker may have both
predictive and prognostic implications [7].

In a broader strategic sense demonstrating the evidence-
based clinical value, there are key categories of biomarkers
(Figure 3A&3B), including:

1. Diagnostic biomarkers: to identify individuals with a
disease or condition of interest or to define a subset of
the disease;

2. Prognostic biomarkers: indicate the likelihood of a
clinical event, disease recurrence, or progression;

3. Predictive biomarkers: to identify individuals who are
likely to experience a favorable or unfavorable effect
from a spe-cific intervention or exposure;

Safety biomarkers;
Pharmacodynamic (response) biomarkers;

Monitoring biomarker;

N o o

Susceptibility (risk) biomarkers [8].
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Figure 3A. Classification of biomarkers based on its main clinical application [9].

diagnostic
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drug A drugB

Figure 3B. Predictive and prognostic biomarkers in personalized & precision medicine.

Analyzingand assessingthe above-mentioned diagram, stress
thatpredictive and pharmacodynamicbiomarkers would play
a crucial role in identifying patients or persons at risk who
are more likely to respond favorably to specific treatments
[10]. By unraveling the underlying molecular mechanisms
associated with treatment response, these biomarkers pave
the way for targeted interventions, optimizing treatment
outcomes and minimizing unnecessary adverse effects. For
instance, the identi-fication of EGFR-related mutations in
lung cancer, determines the response to EGFR inhibitors,
leading to improved treatment efficacy and patient survival
rates. The advent of those biomarkers has revolutionized
the field of PPM, where treatments are tailored to individual
patients based on their unique disease characteristics. By
providing insights into the likelihood of treatment response,
predictive biomarkers empower clinicians to make informed
decisions and optimize therapeutic inter-ventions [11].

In contrast to the fully validated and FDA-approved
biomarkers, many exploratory biomarkers and biomarker
candidates have potential applications. Prognostic
biomarkers are of particular significance for malignant
conditions and monitoring cancer-related conditions.
Similarly, canonical diagnostic biomarkers are important
in autoimmune diseases. Disease severity biomarkers are
helpful tools in the treatment for chronic inflammatory
diseases. Identification, qualification, and implemen-tation
of the different kinds of biomarkers are challenging and

frequently necessitate collaborative efforts.

This is particularly true for stratification biomarkers that
require a companion diagnostic marker (theranostic) that is
co-developed with a certain drug [12].

Theranostics is considered a fusion of diagnosis and
medication. It helps to optimize the rationalization of safety,
effective results and overall drug development. The latter in

]
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the future of PPM, being and serving as a valuable guidance,
would play a crucial role in clinical practice since possessing
their accuracy is crucial for the success of the therapeutic,

preventive, prophylactic, and rehabilitative choice (Figure
4A & 4B).

. o .

\ v

Figure 4A. From companion diagnostics to theranostics: a new avenue for

personalized and precision-driven approaches [13].

THERANOSTICS _

Figure 4B. From companion diagnostics to theranostics: a new avenue for

personalized and precision-driven ap-proaches [14].

Efforts to discover next-generation biomarkers for clinical
use have been significant, yet their implementation remains
low [10,15,16]. PPM leverages advanced biomarker-driven
technologies to inform evidence-based decisions across
disease diag-nosis, treatment, prediction, prevention,
and prophylaxis. Utilizing molecular stratification, PPM
enhances medication selec-tion, reduces adverse effects, and
shifts focus from reaction to prevention [17,12]. Biomarkers
derived from genes, proteins, and interactomes play a pivotal
role in predicting individual responses to therapies and

guiding personalized treatment strategies.

Questions persist regarding best practices for extracting
prioritized biomarkers in PPM-driven research, amidst the
era of OMICS-technologies and Big Data. Biomarkers are
integral to the development of PPM-driven technologies,

aiding in clinical decision-making, medical product
development, and drug discovery. They serve as indicators
of normal and pathogenic pro-cesses, contributing to drug
target selection, patient stratification, and safety assessment

in drug development [15,18].

The molecular heterogeneity of living systems offers a rich
source of candidate biomarkers, necessitating controlled
error rates in statistical models. Biomarkers can signify
various health or disease characteristics, acting as indicators
of disease trait, state, or progression. Relevant biomarkers
define patient subgroups, informing evidence-based medical
decisions [19-21]. Expectations for precision tools like PSA
and specific gene mutations are heightened by the potential
of Big Data to translate into clinically relevant information
[22].

]
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Biomarkers and Personalized and Precision Oncology
(PPO)

Biomarkers are extremely important in cancer research
and Personalized and Precision Oncology (PPO). They
are crucial for risk assessment, screening, differential
diagnosis, prognosis determination, prediction of disease
recurrence and response to therapy, and progression
monitoring [11,23,24]. With cutting-edge proteomic and
genomic technologies, DNA and tissue microarrays, gel
electrophoresis, mass spectrometry, and protein assays,
as well as improved bioinformatics tools, the evolu-tion
of biomarkers to reliably assess the results of cancer
mitigation and therapy is now possible. Looking forward,
a urine or a serum test for each stage of cancer may drive
clinical decision-making, complementing, or even replacing
presently availa-ble invasive methods [15,25].

Predictive biomarkers help to optimize therapy decisions,

as they provide information on the likelihood of response
to a given chemotherapeutic. Among the prognostic factors
that identify patients with different outcome risks (e.g.,
recurrence of the disease), the following factors can be
distinguished: somatic and germline mutations, changes in
DNA methylation thatlead tothe enhancementorsuppression
of gene expression, the occurrence of elevated levels of mi-
croRNA (miRNA) capable of binding specific messenger RNA
(mRNA) molecules, which affects gene expression, as well
as the presence of circulating tu-mor cells (CTCs) in blood,
which leads to a poor prognosis for the patient. Biomarkers
for personalized oncology are used mainly in molecular
diagnostics of chronic myeloid leukemia, colon, breast and
lung cancer, and recently in melanoma. They are successfully
used in the evaluation of the benefits that can be achieved
through targeted therapy or in the evaluation of toxic effects
of the chemotherapeutic used in the therapy (Figure 5)
[26,27].
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Figure 5. The use of various types of biomarkers on the example of melanoma [28].

Due to the individualization of cancer therapy, the
identification of cancer-and oncology-specific biomarkers
has become a foremost goal for cancer researchers [2,15].
The common usage of PSA in prostate cancer screening has
prompted investiga-tors to look for appropriate biomarkers
for screening other kinds of cancer. Targeted medicines, such
as Iressa® (gefitinib), Gleevec® (imatinib), and Herceptin®
(trastuzumab), are currently available and may benefit from
a more targeted treat-ment based on diagnostic testing.

Clinically, cancer-related families of biomarkers may
help identify individuals who are most likely to react to
a medication, enable real-time monitoring of treatment
effectiveness, or detect early indications of drug toxicity.
Furthermore, biomarkers are heavily used in go/no-go
decision-making throughout the drug development cycle,

from early discovery to preclinical assessment.

Meanwhile, with the emergence of more sensitive and
specific technologies that are now able to be run in clinical
settings and the ability to accurately measure biomarkers,
there is a need to understand how biomarkers are defined,
and how they are used in conjunction with drug treatment or
with the frame of protocols of clinical trials [29].

Biomarkers of the next-step generation

Meanwhile, a principally new generation of biomarkers is
required that define all aspects of the variability of unified
system indicators. For instance, miRNAs circulating are
attracting interest in the burgeoning field of PPM and
associated subfields, with data supporting their diagnostic,
prognostic, and predictive biomarker potential. MicroRNAs
(miRNAs) are small non-coding RNA molecules, which
modulate genetic expression and which in recent years
have emerged to have enormous poten-tial as biomarkers.

]
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A schematic diagram showing miRNA biogenesis, modes
of their secretion into body fluids, RNA extraction and
quantitative approaches. In future, clinical decisions may be

made based on the expression levels of miRNAs (Figure 6)
[21].
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Figure 6. Circulating microRNAs as biomarkers [30].

The tight association of miRNAs with several cancer-related
processes makes them undoubtedly connected to the
effect of specific cancer drugs inducing either resistance
or sensitization. In this context, personalized medicine
through miRNAs arose recently with the discovery of single
nucleotide polymorphisms in the target binding sites, in the
sequence of the miRNA it-self, or miRNA biogenesis-related
genes, increasing risk, susceptibility, and progression of
multiple types of cancer in differ-ent sets of the population.
miRNA markers show that they can enable a wide range
of diseases to be diagnosed before clinical symptoms are
manifested, and they can help to assess a patient’s response
to therapy to correct and personalize treatments.

The depicted scenario implies that the overall variation
displayed by these small non-coding RNAs has an impact on
patient-specific pharmacokinetics and pharmacodynamics
of cancer drugs, pushing on a rising need for personalized
treatment. In-deed, miRNAs from either tissues or liquid
biopsies are also extensively studied as valuable disease
biomarkers for early recognition, progression, and prognosis.
Despite the lack of standardized protocols regarding the
use of miRNAs in current clinical practice, they constitute a

reliable tool for future use. These molecules meet most of
the required criteria for being an ideal biomarker, such as
accessibility, high specificity, and sensitivity.

Effective miRNA profiling calls for reproducible, sensitive,
and specific tools with turn-around times fast enough to
support biodesign-inspired translational research and
applications into what can be a rapidly changing disease
progression and treatment environment. Circulating miRNAs
became one of the most promising biomarkers in oncology
for early diagnosis, prognosis, and therapeutic response
prediction [31,32].

Circulating tumor cells (CTCs) in clinical practice

The other example of the next step generation biomarkers is
circulating tumor cells (CTCs), illustrating subclinical stages
and predictive risks as applicable to tumor progression [33].
CTCs as a biomarker of the latest generation would make up
a mi-nute fraction of the total number of cells circulating in
blood. CTCs can be released from the primary tumour into
the blood-stream and may colonize distant organs giving
rise to metastasis (Figure 7) [31,34].

https://doi.org/10.30654/M]JCR.10159
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Figure 7. Key steps in the formation of metastases by CTCs [33].

CTCs as a kind of cellular biomarker that is detected in
patients with early stage cancers and, owing to their
association with metastasis, might indicate the presence
of aggressive disease, thus providing a possible means to
expedite diagnosis and treatment initiation for such patients
while avoiding overdiagnosis and overtreatment of those
with slow-growing, indolent tumors. It is estimated that
more than 90% of cancer mortality is caused by distant
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CEVIM-/CDa5

CK*VIM [CDAS

CE-MNVIM CDAS

K vimM

metastasis. Investigating CTCs provides important tumor
information since these cells are already related to metastatic
disease; broken free from the tumor mass, transited through
interstitial tissues, and intravasated into the vasculature.
Understanding and counteracting this process is essential to
managing cancer. The utility of CTCs as an early diagnostic
tool has been investigated and confirmed (Figure 8A-C).

Merged

Figure 8A. Clinical applications of single-cell analysis of circulating tumor cells [33].

Ul s doore/ 10:30654/M)CR 10159 |



ISSN: 2474-3666

Mathews Journal of Case Reports

Figure 8B. Clinical applications of single-cell analysis of circulating tumor cells (CTCs) CTC
expressing HER2 / ER biomarkers [35].

Figure 8C. Clinical applications of single-cell analysis of circulating tumor cells (CTCs) -

highly sensitive CTC detection from triple negative breast cancer patient [35].

Catalytic antibodies, or abzymes

Novel biomarkers may also identify specific pathways
involved in risk, where drugs interrupting such mediator
biotargets have not yet been explored in appropriately
designed trials [25,29,36]. Regarding biomarkers of the
latest innovative trends, let me add that along with canonical
antibodies (Abs) serving a crucial role as biomarkers in
clinical settings, some of the Ab-based families are Abs
possessing with catalytic activity (catAbs or abzymes) and
thus belong to Abs with a feature of func-tionality [37].

The immune system provides a highly evolved natural
process to generate one class of complex biomarkers-the
antibodies. A combination of the two could be exploited to
generate new classes of molecules with novel functions. A
catalytic antibody is a sort of natural artificial enzyme - itis a
natural protein synthesized by the usual biological processes
and is intended to cata-lyze a reaction for which no real
enzyme is available [38].

CatAbs (or abzymes) are multivalent Igs, presumably of
IgG isotype, endowed with a capacity to hydrolyze Ags. The
enzy-matic activity is located in the Fab fragment of the Ig
molecule, which endows such antibodies with the ability to
bind to spe-cific antigens and hydrolyze them. Proteolytic
Abs (or Ab-proteases) represents a significant portion of
the family of abzymes that PPM uses to target specific Ags
(Figure 9).

Because of their Ag specificity, Ab-proteases also may be
used as biomarkers able to control autoimmune disease
progression to transform from subclinical into clinical stages,
and to predict complications. Moreover, sequence-specific
Ab-proteases have proved to be greatly informative and thus
valuable as biomarkers to monitor autoimmune diseases
at both subclinical and clinical stages while demonstrating
their predictive value for the development of the disorder
[39-41].

Ul s doore/ 10:30654/M)CR 10159 |
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Figure 9. Antibodies possessing with catalytic activity (catAbs or abzymes) [39].

Network-based biomarkers and network-based biomarkers (NBBs). Today the experts
Moreover, following the clinical aims and objectives of the may also identify specific pathways and interactome-based

next step generation and having a complete understanding networks involved in dis-eases for which drugs have not yet

of a drug’s pathway, interactome, and network interactions been explored in appropriately designed trials, and being set
up for: normal (physiologi-cal) and pathological conditions

could expedite the identification of sensitizing mutations,
(Figure 10A & 10B).

drug inter-actions, or the risks of drug combinations to
guide biomarker discovery, including simple, combinatorial,

Figure 10 (A & B). The interactome-based networks of leukemia [42].

https://doi.org/10.30654/M]JCR.10159

10



ISSN: 2474-3666

Mathews Journal of Case Reports

Those networks may serve as sources of network-based
(NBBs) to
prognostic and monitoring-related aims and objectives of the

biomarkers secure diagnostic, predictive,
next step generation. In this sense, NBBs help determine the
probability of developing chronic pathologies, autoimmunity,
or cancer-predisposed conditions. Key factors contributing
to the growth of the global NBBs-related healthcare services
market include high prevalence of chronic autoimmune
diseases and cancer; rising adoption of biomarkers for
diagnostic, predictive, and prognostic applications, as well as

increasing application in drug discovery and development.

A NBB using constructed protein association networks is a
useful tool to highlight the pathways and mechanisms of the
lung carcinogenic process and, more importantly, provides
potential therapeutic targets to combat cancer. From a
systems per-spective, the constructed network-based
biomarker further evaluated the targeted carcinogenic
process by the use of signifi-cant protein identification and
diagnostic evaluation. More importantly, the significant
proteins identified by the NBBs give mechanistic insights into
the carcinogenic process and provide potential therapeutic
targets to combat cancer in daily clinical practice of medicine

[43].
Biomarker-guided clinical trial design

Innovative clinical trial designs are needed to address the
difficulties and issues in the development and validation of
bi-omarker-based personalized therapies. Designing trials of
biomarker-guided therapy has many challenges, including:

1. Beingalmost always unblinded, they are prone to bias;

2. The control group, most frequently the ‘usual care’
group, is opened to contamination and has inevitably
better out-comes than in real non-trial ‘usual care’;

3. Being per essence ‘strategy-trials’ rather than simple
intervention trials, causality is difficult to establish;

4. Therapy optimization as a result of a change in the tested
biomarker may be left to the decision of the investigator,
only instructed to follow best guideline medical therapy,
or decided per protocol using more or less sophisticated
algorithms, which, although guideline-based, may vary
according to the protocol [29,44].

Validated biomarkers are essential for improving diagnoses,
molecular targeted therapy, and therapeutic benefits across
various diseases. Despite recent progress, the path to
clinically validated biomarkers remains challenging, often
creating a gap between research and application [45].

Clinical trials are necessary to confirm the properties of
emerging treatments and associated biomarkers, influencing

https://doi.org/10.30654/M]JCR.10159

daily clinical practices and regulatory reporting before
professional or commercial release. Biomarkers also play
a role in facilitat-ing drug repurposing and guiding patient
care decisions within clinical settings and drug development
processes.

The involvement of biomarkers in clinical practices will be
more and more common in the next 5-10 years because of
the development in medical-related biological and trans
disciplinary research, as well as in bio design-inspired and
biotech-driven translational applications. More clinical
questions need to be answered about the biomarker and its
role in the disease process and therefore more biomarker-
related clinical trials will be designed to answer those
specific questions. More flexible trials serving multiple
purposes are expected due to the intricate relationship
between biomarkers and the disease.

Future applications of biomarkers in healthcare

You might see from the above-mentioned, that biomarkers
can be used, along with tools in clinical practice, as drug
devel-opment tools and can be incorporated into drug
development through the drug approval process, scientific
community con-sensus followed by regulatory acceptance,
and biomarker qualification. This would offer a new way
to optimize treatment, decrease rehabilitation costs, and
facilitate building new products and services in this area.

For instance, biomarkers, defined as alterations in the
constituents of tissues or body fluids, provide a powerful
approach to understanding the spectrum of cardiovascular
with
applications involving screening, diagnosis, prognostication,

diseases and chronic autoimmune myocarditis
prediction of disease recurrence, and therapeutic monitoring.
The unique diagnostic potential of specific biomarkers
and their efficacy correlates with phenotypical expression,
covering neuroinflammation and neurodegeneration,
including the applications of biomarker-based strategy in

multiple sclerosis (MS), Parkinson and Alz-heimer diseases.

A comprehensive understanding of the relevance of each
cancer biomarker will be very important not only for
diagnosing the disease reliably, but also help in the choice
of multiple therapeutic alternatives currently available
that are likely to bene-fit the patients. Cancer biomarkers
are broadly categorized into three divisions based on the
specific association with diag-nostic, diagnostic, predictive
and prognostic biomarkers. The therapeutic potential of
different biomarkers and their use in clinical trials has
also been discussed. Despite the recent advancements, a
comprehensive approach in biomarker biogenesisisrequired
to integrate the available information and to translate them
as tools of prognostic and diagnostic potential.

]
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Biomarkers of the future would be used for:

1. Screening the general population or individuals at risk
(panels of screening and predisposition biomarkers);

2. The detection of the presence of a particular type of
cancer (panels of diagnostic and prognostic biomarkers)
[45].

the autoimmune

inflammation, and predicting the complications and

3. Monitoring progression  of

outcome (panels of prognostic biomarkers) [46].

4. Understanding whether a patient will benefit from
a specific drug treatment (panels of predictive

biomarkers);

5. Evaluating the drug’s efficacy and optimizing the
treatment, providing the tool to tailor treatment for
individual auto-immunity-related patients or persons at
risk (panels of pharmacodynamics biomarkers).

Meanwhile, a number of limitations of multimarker-based
panels should be acknowledged. These include potential
multi-plexing and analytical challenges in assaying
multiple biomarkers at once as well as the challenges of
interpretation for the clinician due to different cut-offs for
each of the separate markers [19]. Nevertheless, it can be
anticipated that scoring calcu-lators and algorithms will
increasingly use circulating biomarkers in combination with
clinical variables to allow appropriate surveillance and fully
informed counselling of the patients, persons-at-risk, their
families and other stakeholders in the pro-cess of patient

care.
CONCLUSION

Biomarkers have gained significant scientific and clinical
importance in the realm of PPM and related fields, offering
potential benefits throughout the disease process. They play
crucial roles in diagnosis, staging, treatment selection, and
monitoring of diseases and their complications. Advances
in OMICS-technologies have led to the identification of
numerous candidate bi-omarkers with clinical potential.
Integrating these biomarkers into evidence-based medical
practice using emerging high-throughput technologies is
essential for personalized treatment and disease prevention.
Additionally, biomarker research in autoimmunity and
cancer is focused on identifying predictors of successful
drug-free remission and uncovering molecular similarities
between seemingly distinct diseases. Shifting focus from
late-stage disease treatment to early-stage monitoring and
prevention could transform medicine, with collaboration
across academia, industry, and other sectors vital for
realizing the full potential of biomarkers in personalized
medicine.
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