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Medical genetics as a basis for personalized medicine in

contemporary Ukraine

Lyudmila 0. Turova, Tatiana A. Vezhnovets, Andrii I. Kurchenko

BOGOMOLETS NATIONAL MEDICAL UNIVERSITY, KYIV, UKRAINE

ABSTRACT

Aim: To systematize and comprehensively analyze scientific sources and research on integrating personalized medicine into the national healthcare system.
Materials and Methods: A comprehensive literature review was conducted using PubMed, Google Scholar, and Scopus, focusing on data from the past 10
years (2014-2024). Articles in both English and Ukrainian were analyzed. Personalized approaches from the authors’ own research were also included. The
following methods were used: a systematic approach and bibliosemantic analysis.

Conclusions: However, for the implementation of personalized medicine in Ukraine, it is necessary to have awareness of the medical community about the
possibilities of using molecular genetic profiling, competence to conduct risk assessment with the participation of several specialists, with the involvement of the
patientin decision-making on treatment and diagnostic measures. The main tools for the widespread implementation of personalized medicine in Ukraine are
qualified spedialists, a wide network of molecular genetic diagnostics and pharmacogenetics laboratories, the development of competencies among healthcare
providers and the development of personalized pharmacy. The expected result is the widespread implementation of diagnostic and treatment programs using
personalized protocols based on the state of the individual patient’s body at a specific time.

KEY WORDS: personalized medicine; omics technologies; health care

INTRODUCTION

Traditional approach to treatment design is based
on the universal protocols chosen according to the
diagnosed condition. For the reason that disease is
an interplay of many variables characteristic of an
individual and their environment, the one-fits-all para-
digm does not always hold true [1]. The new means of
biological data generation and the analysis schemes
to derive clinically-relevant insights from the result-
ing data greatly contributed to precision medicine
application in modern medicine. Precision medicine
created an avenue for more detailed stratification of
patients into the subgroups classified by the potential
response to the treatment or a specific drug, which in
most cases leads to better treatment outcomes, min-
imized side-effects and reduced waste of resources.
But in practice, simplifying the unique patient case
to a set of biological features may be suboptimal to
the treatment outcomes. Modern medicine propos-
es a more comprehensive approach - personalized
medicine (PM), which seeks to incorporate not only
unique biological characteristics, but also social, psy-
chological, environmental and individual preferences
in personalizing the treatment.
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Precision and personalized medicine are terms fre-
quently used interchangeably [1]. The common aim
of better optimizing clinical decisions for individual
cases, along with the phonetic similarity of the terms,
has led to confusion in the scientific literature. While
precision medicine is data-driven and deeply-rooted in
processing large volumes of biological data to obtain
the protocols tailored to the specific biological profiles,
personalized medicine utilizes a more holistic approach.
Personalization attempts to individualize the treatment
according to a fully unique case, as opposed to simply
segregating patients into groups based on available
biomarkers. Personalized schema involves a more inter-
active relationship between healthcare providers and
patients, where treatment plans are co-created based
on a combination of scientific evidence and individual
circumstances [2].

AIM

The article is aimed at substantiating the implementa-
tion and prospects for the development of personalized
medicine in Ukraine. Current trends in personalized
medicine are outlined, focusing on the improvement of
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public health monitoring systems, innovative methods
of genetic diagnosis, and disease prevention. The wide-
spread introduction of personalized medicine in Ukraine
is supported by the formation of relevant competencies,
the establishment of a wide network of molecular genet-
ic diagnostics and pharmacogenetics laboratories, and
the involvement of healthcare organizations, which are
expected to significantly enhance specialized medical
care. The purpose of the work is to systematize and com-
prehensively analyze scientific sources and research on
the integration of the personalized medicine paradigm
into the national healthcare system.

MATERIALS AND METHODS

The analysis of literature sources was conducted using
the search engines for personalized medicine and bio-
medical research PubMed and Google Scholar, and the
abstract database of scientific literature Scopus. Data
for the last 10 years (2014-2024) were analyzed. We
searched for articles in English and Ukrainian. Examples
of our own research using personalized methods are
provided. The following methods were used: systematic
approach, bibliosemantic analysis.

REVIEW AND DISCUSSION

RELEVANCE OF PERSONALIZED MEDICINE
IN THE WORLD AND IN UKRAINE

The utilization precision as one of the components com-
prising personalized medicine has long been proven
effective [2-4]. Testing for biomarkers is increasingly
recognized as a valuable tool, especially in chemother-
apy prescription, when recognizing that only a fraction
of patients will eventually benefit from a drug [5]. Test-
ing shows means of narrowing the pool of candidate
medications and helps avoid trial-and-error approach to
the selection, which both improves the prognosis and
reduces the costs. Given the rise of medical genetics
and the testing.

In Ukraine, the relevance of PM is particularly pro-
nounced given the slowed population growth, aging
demographics [6], and the increasing burden of chronic
diseases [7]—all of which contribute to escalating need
in quality healthcare. The Personalized Prevention of
Chronic Diseases (PRECeDI) consortium project under-
lines thet personalized prevention must be prioritized as
a cost-effective measure to relieve the burden of chronic
disease [8]. This is critical given the trend of increasing
disability years in European countries. By adopting
an individualized approach, PM could alleviate these
burdens through targeted preventive measures and

more effective treatments, thereby improving patient
prognoses and reducing long-term healthcare costs.

As advanced PM models become integrated into clini-
cal practice, clinicians will increasingly rely on electronic
health records to make informed, real-time decisions,
minimizing the need for repeated testing and further
optimizing resource utilization. Overall, personalized
medicine not only aims to enhance individual health
outcomes but also seeks to alleviate financial pressures
on healthcare systems through preventive care and
efficient resource management [2, 9].

The all-encompassing nature of personalized frame-
work is partially reflected in earlier models. Predictive,
preventive and personalised medicine (PPPM), brought
forth by European Association for Predictive, Preventive
and Personalised Medicine (EPMA) [1], lacks participatory
component, included in the P4 public health model fos-
tered by Leroy Hood since the beginning of millenia [10].
Personalization covers all above mentioned points but is
not limited to them. Galdo et al. [11] identified three crit-
ical aspects missing in the P4 approach and formulated
the extended 7P model of medicine, which acknowledg-
es the importance of minimal disruption of patient’s life
rhythm, parsimonious approach to prescribing medical
interventions of any kind as well as incorporation of
scientific knowledge into clinical practice.

These aspects collectively (Fig. 1) enhance the per-
sonalization of treatment by integrating individual data
and preferences into healthcare strategies, ultimately
aiming for better health outcomes.

TRANSFORMATION OF 4-5P MEDICINE INTO
7P MEDICINE

The transition to personalized, prognostic, preventive
and participatory medicine is driven by significant
advances in basic science, digitalization and the de-
velopment of information and communication tech-
nologies, providing a highly dynamic, adaptable and
simultaneously personalized approach—anywhere
and anytime [12-14].

However, changes in the healthcare system require
natural actions and initiatives to improve legal regu-
lations necessary to comply with the new legal envi-
ronment, moral and ethical principles of a democratic
state. [15].

One of the important components of the implemen-
tation of this system and the transformation of health
care is the need to train modern specialists who are
ready to work in the new conditions—both to par-
ticipate in basic science research and to implement
innovative methods in clinical practice, medical and
social care, and the educational process [16]. It is the
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Fig. 1. The components
of 7P medicine.

multidisciplinary team that is an absolutely necessary
componentin the implementation of consistent chang-
es — improvement of the health care model.

PERSONALIZED MEDICINE IN CLINICAL
PRACTICE WORLDWIDE
The Personalized Medicine Coalition (PMC) publishes
an annual report summarizing the drugs approved
by the U.S. Food and Drug Administration (FDA) that
are classified as personalized. According to PMC [17],
“those therapeutic products for which the label includes
reference to specific biological markers identified by
diagnostic tools” can be considered personalized. The
2023 report discussed 5 newly approved gene or cell-
based therapies reverting rare genetic conditions, 6
new molecular entities found effective in cancer treat-
ment, with some targeting rare forms, personalized
therapy for the treatment of Alzheimer’s disease and
many more, including novel individualized diagnostics
and drug combinations. Overall, the 2023 report states
that personalized medicines have accounted for at
least one-quarter of all new medicines approved for
almost the entire decade, making personalization an
increasingly sound approach that offers more and more
options to those in need.

The diagnostic component of drug prescription per-
sonalization is achieved through the means of pharma-
cogenetic testing. Pharmacogenetics refers to the field
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of study focusing on the interaction between the indi-
vidual genetic makeup and a response to a medication,
aiming at precise drug selection for the maximization
of treatment efficacy and the minimization of adverse
reaction probability. For example, individuals with poor
metabolizer status for irinotecan derive significant
benefit from a genotype-guided dosage strategy, with
a reduction in the risk of life-threatening neutropenia
and severe diarrhea [18]. Warfarin is another drug with
strongly genotype-dependent dosage, varying from 1
to 10 mg a day. The implementation of pharmacogenet-
ic testing has been demonstrated to reduce the dosage
adjustment period and to result in a notable decrease
in the risk of bleeding or thromboembolism associated
with the titration of warfarin.

Acknowledging the role of genetic variation in clini-
cal decision-making, FDA keeps and regularly updates
a table titled “Pharmacogenomic Biomarkers in Drug
Labeling”[19], listing the personalized drugs and their
corresponding biomarkers. Yet another resource called
“Table of Pharmacogenetic Associations” [20], also
maintained by FDA, keeps the record of drugs for which
the evidence of gene-drug interaction is substantial
and suggests the optimized approach accordingly.
Application of pharmacogenetic testing still remains
complicated by the translation of the findings from the
lab to clinic. To further aid in the adoption of pharma-
cogenetics testing, Clinical Pharmacogenetics Imple-
mentation Consortium (CPIC) [21] offers standardized,
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evidence-based and peer-reviewed drug-gene guide-
lines. The PharmGKB Genotype Selection Interface
(GSI) [22] provides a convenient means of accessing
genotype-tailored and up-to-date recommendations,
aggregating CPIC and Dutch Pharmacogenetics Work-
ing Group (DPWG) guidelines with FDA's approved drug
labels and Table of Pharmacogenetic Associations.

Evidence suggests that the application of pharma-
cogenetic testing can not only enhance treatment
outcomes but also offer cost-effective and cost-saving
solutions.

Genetic testing may not only guide medication
selection, but also offer insight into predisposition to
certain conditions and confirm or help establish the di-
agnosis early [23]. Preconception screening is available
on demand and allows assessing the risk of conveying
a recessive disorder to the offspring, identifying not
manifested variants in otherwise healthy carriers. A
more popular option, non-invasive prenatal testing
(NIPT), aims to detect chromosomal abnormalities
through sequencing cell-free foetal DNA in maternal
blood and is available almost worldwide. The applica-
tion of prenatal screening fulfills supportive function in
reproductive autonomy, allowing informed reproduc-
tive decisions during pregnancy. With an expanding
panel of identifiable conditions NIPT has a potential to
inform preventative and therapeutic measures even
before birth [9, 23].

Newborn screening allows for the early identification of
metabolicand genetic disorders, which can lead to timely
interventions. Improved screening processes contribute
to better health outcomes and reduced healthcare costs
by preventing severe complications from undiagnosed
conditions. The Recommended Uniform Screening
Panel accepted in the USA covers only a small fraction
of genetic disorders, namely 35 out of more than 7500
conditions with therapy options available. For rapid and
cost-effective diagnosis, rapid whole-genome sequenc-
ing may be a viable option for critically-ill newborns, as
explored in Project Baby Bear [24].

Genetic testing has become a cornerstone in the per-
sonalized treatment and diagnosis of epilepsy, signifi-
cantly enhancing clinical outcomes [25]. The approach
to genetic testing in neuropathology has evolved from
single-gene tests best suited for monogenic disorders
to gene panels and whole-exome sequencing, yielding
the best diagnosis success rate in pediatric patients.
Identifying the specific genetic variant an individual
carries comprises a critical foundation for personalized
gene therapy, forexamplein Dravet syndrome (DS), also
known as severe myoclonic epilepsy of infancy [26].

The integration of person-centered medicine takes
special notice in the education and training of the profes-

sionals who will manage the interpretation of the genetic
testing and adjust the therapy course accordingly [8, 27].
Providing the clinicians, IT specialists and laboratory tech-
nicians with a broad understanding of personalization
ensures productive collaboration and implementation of
PM [28].Two personalized multicenter initiatives Genomic
Medicine Sweden (GMS) and the Centers for Personalized
Medicine (ZPM) initiative in Germany arrange programs
that provide exposure to the field of personalized medi-
cine in a multidisciplinary setting [3].

EXAMPLES OF PERSONALIZED MEDICINE
IMPLEMENTATION IN CLINICAL PRACTICE
Earlier, we developed, improved and implemented a
model of a comprehensive, multidisciplinary, person-
alized approach to medical and genetic counseling of
families to prevent the development of perinatal and
congenital pathology in children [29]. Perinatology and
pediatrics occupy a special place in the new healthcare
model as the most important area of clinical medicine
that studies the health of a child in the process of
its development and growth. After analyzing all the
factors that influence the formation of aspects of a
child’s health and taking into account the “molecular
genetic portrait’, we developed health programming
paradigms and identified “windows of opportunity”for
targeted intervention during these periods.

The principles of personalization were used to pre-
dict perinatal pathology based on immunogenetic
predictors [30], in children born prematurely, which
allowed us to determine the possibilities and potential
of targeted stage rehabilitation. The introduction of
personalized medicine in today’s conditions to prevent
a high incidence of perinatal pathology, especially in
preterm infants, is of extremely high medical and social
importance.

In our other works [30-35], the strategy of personal-
ized medicine was implemented in practice both for
children with different nosologies and for adult patients,
and with the active participation of both the patient
and his or her family in achieving disease control. We
studied not only clinical phenotypes, but also molecu-
lar and biochemical phenotypes, which, with the help
of modern neuroscience programming, allowed us to
personalize diagnostic, therapeutic, preventive and
rehabilitation measures of medical support.

The personalized and preventive concept of health
maintenance and programming of intellectual disabil-
ities based on genetic screening is described in [32, 34,
35]. The study demonstrates broad prospects for the
application of molecular genetic screening of children
with delayed psycho-neurological development in
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clinical practice in order to predict the patient’s reha-
bilitation potential and implement socially adapted de-
velopment and health of the child, which is of particular
importance in martial law conditions for both the health
care system and the economic sector of the country.

In addition, in the context of a constant increase in
the incidence of allergic diseases, algorithms for deter-
mining the molecular genetic profile of sensitization
and manifestations of the multimorbid phenotype
have been developed and put into practice both at
the pre-dosage stage for personalization of preventive
measures and for personalized therapy. The predictive
role of identifying an individual allergy profile at the
prenosological stage for the purpose of preventive
measures, as well as the choice of measures for pa-
tients with a realized atopy phenotype with an optimal
diagnostic algorithm, improving disease control, and
programming the prognosis of the patient’s further
health status has been determined [31, 36].

In conclusion, a detailed and systematic clinical eval-
uation of big data (patient’s metabolic phenotype, pro-
teome, microbiome) is the basis for selecting a genetic
test and further application of personalized medicine
in practice. To diagnose a clinically heterogeneous phe-
notype, a multidisciplinary approach should be used,
including a clinical geneticist, neurologist, cardiologist,
family doctor, or pediatrician. Knowledge about the use
of the latest methods of precision genetic diagnosis and
interpretation of their results can help diagnose almost
all pathological processes, but each patient requires
a personalized approach based on a genetic map—a
genome study [37].

Highlighting the progress of personalization, we
conclude the current state and the examples of per-
sonalization by medical field.

ONCOLOGY AND CANCER TREATMENT
Individualized chemotherapeutic drugs containing
a dose calculated for a particular patient enable the
doctorto achieve the maximum therapeutic effect with
minimal side effects in diagnosing tumors, monitoring
the effectiveness of radiation and chemotherapy [38].
Orphan diseases. Today, the problem of orphan dis-
eases in Ukraine and the world is extremely relevant.
According to the European Committee of Experts for
Rare Diseases (EUCERD), the total number of different
orphan diseases reaches 8 thousand. Most of them
require personalized treatment, which is the only way
to save patients with orphan diseases [24, 34].
Hereditary genetic diseases, and congenital defects
of the central nervous system, hereditary mental
disorders, neurological diseases (epilepsy, migraine,
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Parkinson'’s disease, Alzheimer’s disease, amyotrophic
lateral sclerosis, etc.). A combination of non-pharma-
cological and pharmacological treatments makes up
a personalized patient management scheme [39, 40].

Metabolic diseases of metabolism, cardiac diseases,
diabetes mellitus, neurodegenerative diseases of the
bone and joints, connective tissue diseases, lung dis-
eases, and allergic diseases. A number of markers that
help to identify the leading pathogenetic mechanismin
each case become a guide to a personalized approach
to patient treatment. Personalized medicine is already
a reality for gastroenterology and cardiology. Aller-
gen-specific immunotherapy (ASIT) is one of the first
personalized treatments in allergology, the essence of
which is the administration of allergens to the patient
that cause allergic reactions in him [31, 39].

RESPONSE TO IMMUNOPROPHYLAXIS

To date, genetic loci associated with the maintenance
of a vaccine-induced immune response have been
studied [40].

Anotherimportant area of personalized intervention
is anti-aging, nutritional genetics, stem cell treatment,
regenerative and—another separate area—reproduc-
tive medicine. Targeted sequencing embodies the em-
bodiment of the wildest dreams of prenatal medicine
representatives: determining the extracellular DNA
of the fetus circulating in the mother’s blood allows
diagnosing chromosomal rearrangements (Down,
Edwards, Patau, Turner syndromes) and the likelihood
of aneuploidy from the 5th week of pregnancy [29].

CONCLUSIONS

Personalized medicine using scientificand technologi-
cal progress, achievements in the field of preventive and
health-saving technologies, focused on programming
and shaping the optimal health trajectory is the basis
for preserving the health of the nation.

However, for the implementation of personalized
medicine in Ukraine, it is necessary to have awareness
of the medical community about the possibilities of
using molecular genetic profiling, competence to con-
duct risk assessment with the participation of several
specialists, with the involvement of the patient in de-
cision-making on treatment and diagnostic measures.
The main tools for the widespread implementation of
personalized medicine in Ukraine are qualified special-
ists, a wide network of molecular genetic diagnostics
and pharmacogenetics laboratories, the development
of competencies among healthcare providers and the
development of personalized pharmacy.



Medical genetics as a basis for personalized medicine in contemporary Ukraine

The expected result is the widespread implementa-
tion of diagnostic and treatment programs using per-
sonalized protocols based on the state of the individual
patient’s body at a specific time.

PROSPECTS FOR FURTHER RESEARCH

We are developing a mechanism for implementing
personalized medicine for broad integration into
healthcare. We are preparing recommendations and

effective strategies to overcome the existing barriers
and use the potential of personalized medicine to
improve health outcomes. An important initiative is to
engage all stakeholders, including a multidisciplinary
team of healthcare professionals, researchers, scientists,
policy makers, and patients, to actively participate in a
transformative healthcare paradigm shift. This change
will be more precise, predictable, patient-centered,
and tailored to individual needs, ultimately leading to
better health outcomes and quality of life for citizens.
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