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ABSTRACT

Report 89 pages, 1 book, 10 figures, 9 tables, 54 references, 6 appendices.

CERVICAL CANCER, CERVICAL PREMALIGNANT LESIONS, HUMAN
PAPILLOMAVIRUS, PHOTODYNAMIC THERAPY, CERVICAL INTRAEPITHELIAL
NEOPLASIA

The subject of the study is the diagnosis and treatment of background and precancerous
diseases of the cervix associated with human papillomavirus (HPV).

The aim of the work is to develop innovative technologies that enhance the effectiveness
of diagnosis and treatment of background and precancerous conditions of the cervix associated
with HPV.

Scientific novelty: For the first time in the Republic of Kazakhstan, the method of
photodynamic therapy (PDT) was used and optimized with a combination of local and systemic
laser exposure, as well as the testing of the hypothesis regarding the possible cumulative effect of
laser technology with photosensitization and fluorescent diagnostics using a photosensitizer for
diagnosing and treating cervical dysplasia associated with HPV.

In our study, we determined that married women and those with a history of abortions were
most prone to developing cervical dysplasia (CIN), and could be included in the risk group for
CIN (p=0.02 and p=0.03, respectively). Overall, among 150 patients, the most frequently detected
HPV genotype was type 16 (44%), followed by types 31 (13.2%), 52 (10.5%), and 58 (10.5%).
The prevalence of HPV types 52 and 58 significantly differed depending on the severity of
dysplasia, being more common in severe cases (p=0.01 and p=0.03, respectively).

Our study showed that fluorescent diagnostics indicated brighter fluorescence in the severe
dysplasia group compared to the moderate dysplasia group, suggesting that the greater the number
of atypical cells, the brighter the fluorescence.

Assessment of complete regression of the pathological process at 12 months post-PDT
showed that the complete recovery rate in the moderate dysplasia group was 96.1%, while the
recovery rate for the severe dysplasia group was 92.3%. Our therapy demonstrated better results
compared to international data, where the recovery rate for severe dysplasia ranged from 66.7% to
92.73%, while for moderate dysplasia it varied from 57.1% to 83.3%. However, statistical analysis
revealed differences in treatment outcomes between the severe and moderate CIN groups,
indicating that the presence of more than two identified STIs prior to PDT could be a factor
reducing treatment effectiveness (p=0.003).

We also demonstrated that PDT stimulates the release and expression of various pro-
inflammatory mediators from the area subjected to PDT, activating the immune response against

the virus and promoting the healing of the cervix. In particular, levels of IL-6 and TNF-a on the
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5th day after PDT were significantly higher in the severe dysplasia group compared to the
moderate dysplasia group (p<0.001).

As part of the study, the genetic variability of the HLA system (HLA-DQBI1; HLA-DQAZ2;
TAP2; HLA-C) in patients with cervical dysplasia based on HPV types was analyzed for the first
time in the world. Polymorphic variants rs62619945 and rs200904145 in the HLA-DQA2 gene
showed significant influence on carriers of HPV type 18 compared to carriers of other HPV
variants (p=0.01 and p=0.008, respectively), while the prevalence of polymorphic variants
1s9276437, rs200904145, 1rs34730447, and rs201291459 in the HLA-DQA2 gene was highest
among HPV type 51 carriers compared to carriers of other HPV variants (p=0.03, p=0.004, p=0.03,
and p=0.004, respectively). Thus, our results indicate that alleles of the HLA-DQA?2 gene play a
role in the persistence of HPV types 18 and 51, as well as in the immune response to the virus in
Kazakh women.

All of the above results formed the basis for the algorithm we developed for managing
patients with oncogenic types of HPV for practical application. The proposed approach within
medical services includes the following stages: screening, preventive rehabilitation, managed
oncogenesis, sub-managed oncogenesis, and unmanaged oncogenesis. The approach suggested in
the algorithm for using PDT in cases of HPV persistence is based on the collection and analysis of
data reflecting individual patterns of oncogenesis. The algorithm accounts for the sequence of
biological processes, starting from immune response instability with HPV and ending with
irreversible changes in cervical cancer. This approach allows for management of the duration of
the "pre-disease" period. Furthermore, understanding the causes of abnormal immune responses
related to genetic risk factors may help develop new strategies for managing HPV infection and
associated diseases aimed at improving clinical effectiveness in combined strategies against
cervical cancer. Such implementation into medical practice may contribute to reducing the burden
of HPV in the medium term through early intervention at the level of risk factors.

Degree of implementation: The new technology is a scientific product for practical
application and is significant for future research directions and shifting the focus of clinical
practice.

Area of application: personalized medicine, population medicine, clinical medicine,

epidemiology, public health.
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TERMS AND DEFINITIONS

In this research report, the following terms are used with their respective definitions:

Human Papillomavirus
(HPV)

Genotype

Genotyping

Personalized Medicine
Genome-Wide Association
Study (GWAS)

Gene Polymorphisms
(Genetic Polymorphism)

Cervical Cancer

Pharmacogenetics

Pharmacogenomics

Phenotype

Photodynamic Therapy and

Fluorescence Diagnostics

a group of highly prevalent and genetically diverse DNA-
containing viruses that affect the epithelium of skin and
mucous membranes. Human papillomavirus belongs to the
papillomavirus family. Depending on their oncogenic
potential, high-risk (types 16, 18, 31, 33, 35, 39, 45, 51, 52,
56, 58, 59) and low-risk (types 6, 11, 42, 43, 44) oncogenic
risk types are distinguished.

the combination of alleles of a gene or locus in a specific
organism.

the process of determining a genotype.

a set of methods for the prevention of pathological
conditions, diagnosis, and treatment based on individual
patient characteristics.

a field of biological (usually biomedical) research related
to the study of associations between genomic variants and
phenotypic traits.

the diversity of gene alleles (different forms of the same
gene), which leads to the diversity of intra-species traits.

a malignant tumor originating from the mucous membrane
of the cervix (ectocervix or endocervix).

a branch of medical genetics and clinical pharmacology
that studies the hereditary features of drug effects'
variability and predicts the effectiveness and safety of drug
use in patients.

a branch of pharmaceuticals and pharmacology that studies
genetic variations in each person's response to medication.

a set of characteristics inherent to an individual at a certain
stage of development.

a systemic and local-regional method for diagnosing and
treating malignant neoplasms. The method is based on the
selective accumulation of specific photosensitizing agents

(photosensitizers) in pathological tissues, including tumor
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Photolon

Photosensitizer

tissue, capable of causing photochemical reactions in
biological tissues after exposure to light of a certain
wavelength.

a third-generation photosensitizer for photodynamic
diagnosis and therapy. The photosensitizer Photolon, based
on chlorin EB6, is currently one of the five approved agents
for clinical use in photodynamic diagnosis and therapy of
malignant neoplasms.

medicinal preparations capable of accumulating in affected
tissues in higher quantities compared to healthy tissues.
When the examined organ is irradiated with low-intensity
laser radiation, the affected areas are visually detected

through fluorescence or using laser-fiber spectral analysis.



LIST OF ABBREVIATIONS AND DESIGNATIONS
In this research report, the following abbreviations and designations are used:

The Hospital Hospital of the President’s Affairs Administration of the
Republic of Kazakhstan

IVLB Intravenous Laser Blood Irradiation

WHO World Health Organization

HPV Human Papillomavirus

HR-HPV High-Risk Human Papillomavirus

Cl Clinical Trials

R&D Research and Development

CBC Complete Blood Count

cC Cervical Cancer

SPDT ILBI Systemic Photodynamic Therapy during Intravenous Laser
Blood Irradiation

USA United States of America

FD Fluorescence Diagnostics

FDI Fluorescence Diagnostic Investigation

PDT Photodynamic Therapy

TNF Tumor Necrosis Factor

PS Photosensitizer

CIN Cervical Intraepithelial Neoplasia

SHEQAC MSHE RK Science and Higher Education Quality Assurance Committee

of the Ministry of Science and Higher Education of the
Republic of Kazakhstan



INTRODUCTION

Among all cases of cancer worldwide, approximately 15% to 20% are associated with viral
infections, making oncogenic viruses significant risk factors for cancer development [1]. One of
the most well-known infectious oncogenic agents is the human papillomavirus (HPV), responsible
for 31.1% of all cancer cases caused by infectious diseases and for 99.7% of cervical cancer cases
in women [1, 2]. Although 90% of HPV infections are temporary and are cleared by the immune
system within 12-24 months after exposure, some persistent strains of HPV can lead to
uncontrolled proliferation of infected cells, resulting in precancerous or tumor changes in the host's
body [3].

Cervical cancer ranks fourth among the most common cancers in women, with over 80%
of cases linked to the presence of oncogenic HPV that persists in the body. In 2020, approximately
604,127 cases of cervical cancer were reported globally, with 341,680 resulting in death [4].
Cervical cancer accounts for 7.7% of cancer mortality among women [5]. The five-year survival
rate for women with cervical cancer in 2020 varied by country, ranging from 37% to 77% [5].

Overall, the mortality rate from cervical cancer in developing countries is 18 times higher
than in more affluent Western countries [5]. This disparity is attributed to a lack of public
awareness, socioeconomic factors, absence of HPV vaccination, and limited access to screening
programs, along with delays or inadequate treatment [6].

The reduction of cervical cancer incidence is linked to the implementation of the WHO-
initiated triple intervention strategy in 2018 aimed at eliminating cervical cancer as a public health
issue in the 21st century: vaccinating 90% of girls under the age of 15, conducting two rounds of
integrated HPV-based screening for 70% of women aged 35 to 45, and treating at least 90% of all
precancerous lesions identified during screening [5].

In the Republic of Kazakhstan, cervical cancer is the second most prevalent cancer among
women and the second most frequent disease among women aged 15 to 44 [7, 8]. According to
the mandatory cancer screening program in Kazakhstan, women aged 30 to 70 are screened every
four years. In 2021, 757,454 women in this age group were screened, with precancerous conditions
identified in 0.99% (7,498) of women, and cervical cancer diagnosed in 0.04% (319) of them. The
cervical cancer mortality rate in Kazakhstan was 6.0 per 100,000 women in 2021 [4, 9], sharply
contrasting with mortality rates in Western Asia or Western Europe, which were 1.9 and 2.2 per
100,000 women, respectively [3, 4].

Cervical cancer is a visually accessible form of tumor, and with the use of available and
informative diagnostic methods, such as the Pap smear, colposcopy, and testing for high-risk HPV
DNA, precancerous changes can be detected early, allowing for timely treatment. This can

significantly reduce the risk of developing cervical cancer [3].
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In line to prevent cervical cancer, the treatment of precancerous and background conditions
should be comprehensive and effective. At the same time, it is crucial to preserve the anatomical
and functional integrity of the cervix, which is important for the health of a woman's reproductive
system.

The aim of the project is to develop innovative technologies that enhance the effectiveness
of diagnosing and treating HPV-associated background and precancerous conditions of the cervix.
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MAIN PART OF THE REPORT ON SCIENTIFIC RESEARCH WORK

1 Persistent HPV Infection as the Primary Cause of Precancerous Cervical
Conditions

With the popularization of cervical cancer screening in recent years, HPV infection is
increasingly being detected. Persistent HPV infection has been identified as the primary cause of
cervical dysplasia, a precursor to invasive cervical cancer. There are more than 120 different types
of HPV, which their risk of causing cervical cancer can classify. HPV types 16, 18, 31, 33, 35, 39,
45,51, 52, 56, 58, 59, 68, 73, and 82 are considered high-risk for cancer development, while types
6, 11, 42, 43, and 44 are classified as low-risk and are associated with most benign lesions of the
anogenital area, such as genital warts [10, 11].

Most cases of cervical cancer worldwide are linked to the persistence of oncogenic HPV,
particularly types 16 and 18, which are widely distributed globally [10, 12]. High-risk oncogenic
HPV types can lead to the development of precancerous cervical dysplasia through the integration
of HPV oncogenes into the host genome [13]. HPV infects the basal cells of the squamous
epithelium of the cervix. Once inside the host cell, HPV DNA replicates as the basal cells
differentiate and progress toward the epithelial surface [14]. The expression of HPV genes
becomes independent of the differentiation status of the infected epithelial cells, and the
uncontrolled expression of the viral genome leads to a significant increase in the expression of two
HPV oncoproteins (E6 and E7) [14]. This results in the loss of normal control over the epithelial
cell cycle, and cells begin to exhibit morphological features of basaloid-type cells in the upper half
of the cervical epithelium [14]. These features can be observed during colposcopy after the
application of acetic acid to the cervix.

Unlike some other viral infections, HPV evades activation of the innate immune system
due to the absence of viremia or cell destruction following the initial infection in the cervix [14].
The explanation for eliminating HPV is based on specific immunological responses that require
both cellular and competent humoral responses [15]. Changes in the mechanisms of the cellular
immune response are responsible for the inability to clear HPV. On the other hand, it has been
shown that immune tolerance promotes viral persistence and cancer progression [16]. Viral
proteins inactivate two major tumor suppressor proteins (p53 and retinoblastoma protein (pRb)),
leading to disruptions in DNA repair mechanisms and rapid cell proliferation [16]. This initiates a
mechanism of sequential carcinogenesis with specific stages and progression of pathological
processes in the cervix.

The results of cervical dysplasia screening are best interpreted using the unified and well-
established Bethesda system [17]. This system includes the category of squamous intraepithelial

lesions (SIL), covering the spectrum of squamous changes from low-grade intraepithelial lesions
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(LSIL) (traditionally classified as cervical intraepithelial neoplasia I (CIN 1) or "mild dysplasia™)
to high-grade squamous intraepithelial lesions (HSIL) (traditionally classified as CIN 11/CIN III
or "moderate dysplasia™) and ultimately invasive squamous cell carcinoma [17]. Thus, SIL is
closely linked to the early detection or prevention of cervical cancer [17]. There is evidence that
normalization of the immune response at the level of low-grade dysplasia can halt and reverse
carcinogenesis [13].

With an 80% prevalence of HPV globally, persistent infection develops in no more than
10% of infected individuals, while the remaining 70% maintain a transient infection. However,
merely having a positive high-risk HPV status is insufficient for the development of cervical
cancer. The onset of the disease requires interaction between poorly understood genetic and
environmental factors [15, 16].

1.1 Photodynamic Therapy for Treating HPV-Associated Cervical Dysplasia

Traditional treatment methods for cervical dysplasia and HPV infection, such as radiation
therapy, chemotherapy, cryotherapy, and surgical excision using laser or electrosurgical
procedures, are invasive. These methods can lead to various side effects and complications,
including bleeding, cervical stenosis, and serious issues in subsequent pregnancies, such as
miscarriages, preterm births, and decreased fertility [18]. Additionally, the use of conventional
treatments may result in multiple drug resistance, leading to ineffective treatment and disease
recurrence. In many cases, HPV continues to persist, facilitating the progression of carcinogenesis
[19]. Given that HPV-positive dysplasia is common among women of reproductive age and that
the likelihood of reinfection remains high even after treatment, it is essential to develop effective
strategies that minimise the risk of residual disease, malignancy, and reinfection while also
preserving the patient's fertility. PDT stands out as a promising and highly selective therapeutic
method in this context [19, 20]. To enhance the effectiveness of treatment for HPV-associated
cervical conditions, a combined approach utilizing laser technologies has been proposed, involving
the use of local PDT in conjunction with systemic photodynamic intravenous laser blood
irradiation (ILBR) [21].

The mechanism of action of intravenous laser blood irradiation is based on its
photobiological effects. In tissues saturated with light quanta, physical and chemical
rearrangements of protein polymers occur, leading to changes in enzyme activity and the
structural-functional properties of cell membranes. As a result of SPLBI, erythrocyte membrane
permeability and deformability increase, aggregation capacity decreases, and the level of ATP 2,3-
DPG rises [22, 23]. Consequently, the oxygen-transport function of the blood improves. In
leukocytes, the activity of membrane receptors increases, DNA synthesis is activated, phagocytic

properties are enhanced, and the secretion of bactericidal cationic proteins, rheological and
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growth-stimulating factors, and interleukins is boosted. This also activates DNA repair enzyme
systems and alters the reactivity of immunocompetent cells [24].

In platelets, the structure of membranes is modified, stimulating rheological factors, while
plasma shows increased bactericidal, antioxidant, and proteolytic properties, as well as enhanced
complement activity, lysozyme, natural and immune antibodies, and changes in coagulation and
anticoagulation properties, with a significant decrease in lipid peroxidation products [19, 22].
These effects suggest a positive systemic immunological response, leading to prolonged virus
elimination.

Fluorescent monitoring of the accumulation of photosensitizer in the lesion and its "burn-
out" during laser irradiation is a necessary component of PDT, allowing for the standardization

and optimization of treatment conditions.

1.2 PDT Mechanism of Action

Activation of the photosensitizer (PS) by light of the appropriate wavelength leads to the
transition of the PS from its ground electronic state (SO) to one of its excited states (Sn) [37]. In
biological environments, the excited PS then returns to its lowest excited state (S1) through internal
conversion. From here, the photosensitizer can return to its ground state via heat dissipation,
fluorescence emission, or conversion through intersystem crossing (ISC) to its lowest triplet state
[37, 38]. This long-lived triplet state can lose energy through phosphorescence emission or energy
transfer to the surrounding environment via collisional energy transfer. In the presence of
molecular oxygen, the triplet oxygen (*0:) is converted to highly reactive singlet oxygen (Oz),
which in turn leads to the formation of reactive oxygen species (ROS) (Figure 1), ultimately
causing damage to vital cellular targets nearby [37, 38].
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Figure 1 — Antitumor Mechanisms of Photodynamic Therapy [24].
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The Jablonski diagram illustrates the absorption of light by the photosensitizer from its
ground state, leading to the formation of a short-lived excited singlet state. This state can lose
energy through fluorescence, internal conversion to heat, or transition to a long-lived triplet state
of the photosensitizer, which is capable of undergoing photochemistry. This photochemistry
subsequently results in the local generation of reactive oxygen species (ROS), which are cytotoxic
to tumor and endothelial cells.

Key Terms: HSP: Heat shock proteins; hv: Light; ISC: Intersystem crossing; PDT:
Photodynamic therapy; SO: Ground state; S1: First excited singlet state; S2: Second excited singlet
state; T1: Triplet excited state.

It is important to note that only the simultaneous presence of all three components in PDT
will lead to a significant photodynamic effect. Thus, even with less selective accumulation of the
photosensitizer (PS) in the target tissue, the selectivity of PDT can be adjusted based on the

presence or absence of one of the other two components.

1.3 Fluorescent Diagnosis of Precancerous Changes in the Cervix

The sensitivity of the method should be high enough to detect early-stage cervical dysplasia
(LSIL). However, the procedure must also be simple, painless, and practical for implementation
during routine examinations or screening programs. One of the most promising techniques for
early diagnosis is known as optical biopsy. The term "optical biopsy" refers to any methodology
that uses the interaction of light with tissue to obtain information about tissue morphology without
the need for excision [39].

Precancerous and cancerous tissues differ from healthy tissues in their morphology and cell
growth rates, leading to changes in optical characteristics. Most optical methods used in
diagnostics are based on various types of spectroscopy, such as fluorescent, near infrared, and
diffuse reflectance spectroscopy; however, the most widely used methods in clinical practice are
those based on fluorescent phenomena. The adoption and applicability of these methods in clinical
practice are determined by their diagnostic effectiveness, simplicity, and relatively low cost.
Additionally, optical biopsy is non-invasive and can be repeated multiple times. Another
advantage is that the contrast between healthy and pathological tissue can be enhanced using
exogenous fluorescent agents or their precursors.

When entering the bloodstream, the photosensitizer (PS) binds to serum proteins, forming
complex compounds [40]. These PS-protein complexes are absorbed by endothelial cells in blood
capillaries, after which they bind to the vessel adventitia and enter the extracellular matrix,
subsequently accumulating and becoming retained in pathologically altered cells. The mechanism
of action involves exciting the molecule with short-wavelength light, such as ultraviolet light,

causing it to emit a quantum of light with a longer wavelength when transitioning from the excited
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state to the ground state [38]. Due to the high selectivity of the PS for precancerous cells, exciting
it with blue light yields a distinct red fluorescent contrast between the precancerous tissue and the
surrounding healthy tissue.

Fluorescent diagnostic methods for early forms of cancer have extremely high sensitivity,
reaching up to 90%, but lower specificity. Because the penetration depth of the excitation radiation
is limited, these methods can detect pathological foci located in the superficial layers of mucous
membranes of hollow organs. The source of diagnostic information comes from the visual
assessment of fluorescent images or the quantitative analysis of laser-induced fluorescence spectra
measured in vivo at the tissue surface (the method of local fluorescent spectroscopy, LFS) [40].
When observing fluorescent images, pathological foci are identified by their abnormal
fluorescence intensity against the background of healthy tissue fluorescence in the green spectral
region. The verification of fluorescent images during LFS enhances the predictive value of
fluorescent diagnostic methods.

The application of photodynamic (PD) methods in the comprehensive diagnosis of
precancerous changes in the cervix enhances diagnostic efficiency by identifying the localization
and size of lesions, contributing to more complete visualization for subsequent treatment [40]. The
primary parameter for the reliability of this diagnostic method is the histological confirmation of
the dysplastic status of fluorescent foci. Furthermore, there is a correlation between the degree of
tissue dysplasia and fluorescence intensity. Fluorescent visualization can facilitate the detection of
subclinical lesions.

Numerous randomized clinical trials have been conducted to determine the diagnostic
value of fluorescent colposcopy compared to standard colposcopy, with the collection of biopsy
material from tissues exhibiting clear fluorescent signals [28-30]. These studies assessed accuracy,
sensitivity, specificity, and positive and negative predictive values [28, 29]. The results
demonstrated a high potential for fluorescent colposcopy as a method for secondary screening of
cervical pathology [30]. The high selectivity for tumours and low toxicity to healthy tissues make
photosensitizer-based diagnostics a promising tool for the non-invasive identification and

assessment of the severity (LSIL or HSIL) of cervical dysplasia.

1.4 Immune Response to PDT

An ideal method for treating cervical dysplasia should lead to local tumor regression and
eradication, while also inducing a systemic antitumor immune response capable of effectively
destroying HPV-infected epithelial cells without harming normal tissues. Photodynamic therapy
(PDT) may meet these expectations, as it induces acute inflammation and recruits immune cells to

target distant tumors [31].
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Activation of the innate immune response is crucial for the subsequent induction of
adaptive immunity [32]. The innate immune response consists of all protective mechanisms that
lack immunological memory [32]. Thus, a defining characteristic of innate responses is their
consistency, regardless of how frequently an antigen is encountered. The innate immune response
involves various immune cells that participate in the first line of defense, and PDT has proven
effective in engaging these cells in the inflammatory reactions of the body to dysplasia [32, 33].

Therefore, PDT initiates a powerful acute inflammatory response by activating the
complement system, leading to a significant accumulation of neutrophils and other inflammatory
cells at the treatment site, which aids in attacking atypical cells [33]. Complement fixation marks
these cells as targets for destruction by the innate immune system. Complement not only acts as a
direct mediator of inflammation but also stimulates cells to release secondary inflammatory
mediators, including cytokines IL-1B, TNF-a, and IL-6 [34]. These factors contribute to the influx
of innate immune cells into the tumor to attack and eliminate dying cancer cells. Numerous studies
have highlighted the importance of PDT-induced inflammation in enhancing antitumor immunity.

After PDT, neutrophils also migrate to draining lymph nodes (DLNs) via high endothelial
venules (HEV) through pathways mediated by IL-17, IL-1f, and MIP2 [33]. This infiltration of
neutrophils into DLNSs is transient and resolves within 24 hours post-PDT. The local and systemic
neutrophilia induced by PDT enhances its effectiveness by destroying tumor tissue and activating
antitumor CD8+ T cells [34, 35]. Several studies have shown that blocking the influx of neutrophils
into tumors and DLNs reduces the effectiveness of PDT and decreases the number of activated
antitumor CD8+ T cells [35].

1.5 Variations in the Variability of HLA-DQAZ2 Gene Sequences in HPV Persistence
Among Kazakh Women

Susceptibility to HPV is influenced by the immune response. A persistently inadequate
immune response allows the virus to initiate and sustain oncogenesis in the cervix. The cytological
picture of cervical intraepithelial neoplasia, which develops asymptomatically, differs from the
potential subsequent cancer, characterized by a high natural regression rate, presenting an
opportunity to seek effective solutions for restoring autoimmune regulation.

The immune response is highly complex. In the early stages, interconnected processes of
virus recognition, clearance, inflammation, and cell death are governed by the innate immune
system. This task is performed by neutrophils, monocytes/macrophages, and dendritic cells
through specialized pattern-recognition receptors. The adaptive immune response is more diverse
and encompasses specialized immune reactions. Successful collaboration between the two types
of immunity during transient HPV infection can clear the virus from a woman's body within up to

15 months.
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If this process fails due to developing cellular changes, a complex and uncontrolled cell
division process begins. These cellular changes are accompanied by the initiation of mechanisms
for the joint synthesis of the viral and host cell genetic material (DNA), resulting in the integration
of the virus into the host's genotype, making it indistinguishable from the immune defense.
Consequently, the processes of proliferation and inhibition of apoptosis begin to progress, leading
to cancer progression: HPV persistence — LSIL — HSIL — cervical malignancy [16].

It is known that the major histocompatibility complex (HLA), whose molecules are
encoded by a dense cluster of genes located at chromosomal locus 6.21.3, plays a crucial role in
ensuring the effectiveness of both innate and adaptive immune responses. This locus is highly
polymorphic, and variations in the sequences of HLA proteins provide host susceptibility or
resistance to many diseases [36]. Somatic mutation profiles are associated with HLA class I and
class Il alleles. HLA class | and class Il are vital for binding and eliminating intracellular and
extracellular foreign antigens.

The genetic variants underlying human susceptibility to high-risk HPV are still poorly
understood [37]. Understanding the immunogenetic influence allows for the identification of
molecular mechanisms that promote HPV persistence, provides a personalized approach for
patients with a genetic risk of uncontrolled immune responses, and helps identify molecular defects
as targets for developing effective strategies to manage HPV progression [38].

The most consistently identified allelic variation conferring protection against virus-
induced cancers is located at locus 6.21.3 within the major histocompatibility complex (HLA)
region, as confirmed in several populations of European and Asian descent [39]. The function of
HLA system genes is to present the host with a cellular mechanism for immune control of the virus
[40]. Primarily, this involves binding, delivering, and loading pathogen antigens onto the surface
of antigen-presenting cells (T-lymphocytes, dendritic cells, macrophages) to ensure their
accessibility to the antigen. The cytotoxic activity of T cells against infected cells plays a critical
role in the adaptive immune response.

While HLA class | (HLA-DQB1, HLA-C, TAP2) mainly provides the early immune
response, HLA class 1l (HLA-DQAZ?) is involved in long-term immunity, including antibody
production and immunological memory. HLA-DQB1 and HLA-DQAZ2 play important roles in
eliminating intracellular and extracellular foreign antigens, presenting two proteins that bind
peptide fragments of the viral antigen macromolecule and form foreign antigens that stimulate the
immune response [16, 38]. The HLA-C gene protein presents small peptides from within the cell
and assists the TAP2 gene protein in transporting the viral antigen to the surface of CD8+ T cells,

allowing the body to monitor for intracellular infections and mutations [16].
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Different HLA alleles, by binding to various peptide fragments of the viral antigen
macromolecule, form a diverse array of foreign antigens, which are then transported to the surface
of antigen-presenting cells to interact with CD4+ and CD8+ T lymphocytes [41]. In this process,
subtle differences in amino acid sequences are crucial for antigen elimination.

Polymorphisms in the HLA-DQB1 gene determine the specificity of antigen peptide
binding. Associations have been recorded between HLA-DQB1 alleles and HPV types in cervical
cancer, linked to weaker binding with HPV peptides compared to other alleles, leading to a more
attenuated immune response [42]. Additionally, there is information regarding the influence of
polymorphisms in the regulatory region of HLA-DQB1 on the expression of HLA molecules [43].

Thus, immunogenetic variability is an important reason for viral persistence, and
identifying significant HLA genotypes enhances the interpretation of immunogenetic risks. In our
study, 24 polymorphisms were identified (HLA-DQBL1 -5; HLA-DQA2 — 11; TAP2 -4; HLA-C -
4) that are involved in HPV persistence [41].
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2 Materials and Methods

2.1 Conducting a Retrospective Cross-Sectional Comparative Analysis

The study was a retrospective cross-sectional comparative analysis of data from screening
for early detection of cervical cancer (CC), conducted over an interval of 7 years. The study
population consisted of Kazakh women over the age of 18 who were under medical supervision at
the Hospital.

The Hospital has a well-organized cohort of women over 18 years old, totaling more than
10,000 individuals. Since 2016, as part of mandatory preventive examinations, all women undergo
gynecological check-ups, which include liquid cytological analysis of cervical smears stained
using the Papanicolaou method. In the case of atypical results, PCR detection and quantitative
determination of HPV DNA genotypes 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, and 59, which are
of high oncogenic risk, are performed. If the test is positive, colposcopy is conducted. The Hospital
ensures timely screening and has a notification system to track abnormal results and actively invite
patients, prioritizing screening. The staff consists of highly qualified professionals at all stages of
the screening process.

The study involved a retrospective analysis of PCR real-time and liquid cytology findings
performed at the BMC UDP laboratory during the periods from January 1, 2016, to December 31,
2016, and from January 1, 2022, to December 31, 2022. The results examined were obtained from
Kazakh women aged 18 and older who presented at the Hospital for scheduled cervical cancer
screening. A separate group included results from women with a known diagnosis of cervical
cancer.

2.1.1 Data Sources

For the epidemiological analysis, the following sources were used:

- "Report on Malignant Diseases" (form No. 7) for the Republic of Kazakhstan for the years 2016
and 2022.

- Data from reports by the National Center for Healthy Lifestyle Promotion on the results of
screening examinations for target population groups in Kazakhstan for 2016 and 2022.

- Data from the Hospital's laboratory service regarding the results of cytological examinations of
cervical smears stained using the Papanicolaou method, as well as real-time PCR for detecting
high-risk HPV DNA (12 genotypes).

- Data from the "Infomed™ information database of the Hospital: demographic, clinical, and

laboratory data.

2.2 Study Design and Patient Selection
A total of 200 Kazakh women participated in the case-control study. The recruitment of

patients was carried out in the therapeutic department of the Hospital of the Medical Center of the
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Office of the President of the Republic of Kazakhstan in the period from January 2023 to
December 2024.

To optimize the study, some changes were made to the study protocol. Firstly, we increased
the age threshold, because older patients have different types of HPV and more aggressive types
of tumours and need a minimally invasive treatment method with a positive effect. Secondly, the
main group included patients after surgery and conization, in whom these types of treatment did
not show the desired effects. Thirdly, the interim examination interval included the 5th day after
the PDT session (Protocol Ne 2 from 01.03.2023 r.) (Figure 2).

200 women of Kazakh nationality, aged 18-45, who have been diagnosed with CIN
and HPWV

ASSAYS
Complete Blood Count, Immunological Markers (CID3, CD4, CDS8, CID16, CID56,
CID19, levels of interleukins (IL.-1 and IL.-6) and tumour necrosis factor. PCR Testing
for Ureaplasmosis, Mycoplasmosis, and Candidiasis. Colcoscopia

Control group 50 patients Main group of 150 patients (PIDT)
(antiviral therapy)
ol i // Surveys -\

Surveys

S days, 3, and 12 months
3, and 12 months

ASSAYS
Complete Blood Count,
* Immunological Markers
Immunological Markers (CD3, CD4, CDS8, CD16,
(CD3., CD4, CDS8, CD16, CD56, CD19, levels of

. €D56, CD19, levels of interleukins (IL-1 and IL-6)
interleukins (IL-1 and IL-6) and tumour necrosis factor.
and tumour necrosis factor. PCR Testing for

PCR Testing for

ASSAYS
Complete Blood Count,

Ureaplasmosis,

Ureaplasmosis, Mycoplasmosis, and

Mycoplasmosis, and

Candidiasis. Colcoscopia
\ Candidiasis. Colcoscopia / \_ ki) olcoscop /

Figure 2 — Algorithm of comprehensive measures for this project
Inclusion criteria for the study:
- Female gender;
- Age 18-48;
- Established diagnosis of CIN;
- Positive PCR test for HPV;
- Kazakh nationality.
Exclusion criteria from the study:
- Age under 18 or over 48;
- Mentally or legally incapacitated individuals, preventing informed consent;
- Pregnant or breastfeeding women;
- Acute gonococcal and non-gonococcal infections of the urethra and lower reproductive tract;
- Severe and decompensated liver and kidney diseases, cardiovascular conditions;
- Autoimmune diseases;

— Cancer;
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— Porphyria and other photoallergic conditions;

- Use of anticoagulants.

2.3 HPV Isolation Procedure

The study involved collecting cervical and cervical canal samples using liquid cytology
with special staining according to the Papanicolaou method. After a gynaecologist collected the
smear using a Rovers Cervex-Brush® with a detachable tip from two points (the epithelium of the
endocervix and the exocervix), the tip containing the biological material was placed in a container
with a special preservative, BD SurePath. Following the “washing” of the cells through
centrifugation, the partially homogenized material was applied in a single layer onto a glass slide
for analysis and stained using the Papanicolaou method.

After assessing the amount of material according to the Bethesda classification system (The
2001 Bethesda System terminology), the cytologist provided a conclusion based on the quality of
the material. Participants were included in the study if diagnosed with a low-grade squamous
intraepithelial lesion (LSIL) (mild dysplasia (CIN 1)) or high-grade squamous intraepithelial
lesion (HSIL) (moderate (CIN 2) and severe dysplasia (CIN 3)).

The same material was used for the detection and quantitative assessment of HPV DNA.
DNA extraction was performed manually using Extraction-100 kits (Vector Best, Novosibirsk).
The analyses were conducted using real-time polymerase chain reaction (PCR) on an open-type
CFX 96 amplifier (BioRad). Amplification was carried out using reagent kits for the differential
detection and quantitative assessment of HPV DNA for types 16, 18, 31, 33, 35, 39, 45, 51, 52,
56, 58, and 59, which are associated with high carcinogenic risk.

All necessary operations for analysis and result documentation were performed using the

RealBestDiagnostic software program.

2.4 Conducting Whole Exome Sequencing

Participants in the study underwent targeted exome sequencing of DNA. Blood was
collected from the cubital vein in a volume of 2 ml using a blood collection system in vacuum
tubes with the anticoagulant EDTA and then centrifuged to obtain the cellular component.
Genomic DNA was extracted from the cellular residue using the commercial PureLink® Genomic
DNA Kits, following the manufacturer’s instructions. Candidate genes that may play a potential
role in immune protection and inflammation were selected for targeted sequencing based on
published studies in the Scopus database. The list of candidate genes also included those with a
high degree of damage among biopsy samples from tumors of various localizations.

Sequencing of the amplified fragments was performed using the Ton PGM™ gystem. A
molecular genetic method (NGS technology) was used for semiconductor sequencing of DNA

sequences—nucleotide incorporation with proton (H+) detection on a microchip, with read lengths
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of 200/400 nucleotides, according to the protocol. Bioinformatics analysis was conducted using
the Ion Reporter™ Software, specifically lon Reporter 5.16, with the “AmpliSeq Exome single
sample (Germline)” analysis module. Further bioinformatics processing of the data was performed
using filters that included the display of 300 candidate genes, taking into account their relevance
to parameters related to the technical aspects of the experiment. Variants with an allele frequency

of less than 0.3 and coverage of less than 30 were thus excluded.

2.5 PDT Protocol

PDT is performed from day 5 till day 12 of menstrual cycle. The first stage is intravenous
administration of PS-FOTOLON (RUME “Belmedpreparaty”, Republic of Belarus),
concentration - 1.2 mg/kg body weight for 30 minutes. The drug is certified in the Republic of
Kazakhstan (Marketing Authorisation P N015948/01).

The first step involves the intravenous administration of the photosensitizer. Photolon is
available as a lyophilized powder for infusion preparation. The vial may contain 25, 50, or 100 mg
of the dry active substance—Trisodium Chlorin E6. According to the drug's instructions, it is
administered intravenously in doses ranging from 1.0 to 3.0 mg/kg of body weight, depending on
the disease type, location, and extent of the pathological process. The dose used in this study was
1.2 mg/kg.

The second stage is fluorescent diagnostics (FD) to monitor photosensitizer accumulation.
To do thisa LED light source is used (Polironic LLC, Russia), range - 405 nm and a yellow optical
filter is installed on a video colposcope (SLV-101 HDm, Lithuania) to cut off ultraviolet radiation
and record the red fluorescence of pathologically altered tissues. photosensitizer fluorescence was
used to judge the size and extent of the pathological lesion

The third stage is cervical canal irradiation utilizing a diffuser with a working part length
of 4 cm and exocervix photoactivation using a macro-lens that transmits radiation from Lahta-
Milon laser device (Kvalitek LLC, Russia), wavelength - 662 nm. The following parameters were
calculated before photoactivation: power radiant density; and calculation of exposure duration for
the diffuser and macro-lens according to previously described formulas [1]. The dose of laser
energy to the cervical canal and cervix in patients with LSIL is 250 J/cm?; in patients with HSIL -
350 J/cm?. The power density did not exceed 400 mW/cm2 to avoid tissue overheating.
Fluorescence examinations are carried out after photoactivation to detect photosensitizer

photobleaching in pathological tissues.

2.6 Clinical evaluation
All patients underwent cervical biopsy and liquid-based cytology before treatment. Based

on these results, patients were divided into 2 groups according to the Bethesda system: low-grade
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squamous intraepithelial lesion (LSIL) and high-grade squamous intraepithelial lesion (HSIL).
Liquid-based cytology was performed 3 months after PDT.
Cumulative response rate (CRR)) was calculated using this formula:

Number of responders
x 100%

Total number of participants

2.7 Assessment of the Immune Status of Study Participants

To conduct a primary study of immune status and identify significant disruptions in the
immune system, the following indicators are analyzed: CD3+ T lymphocytes, CD3+ B
lymphocytes, CD3+ CD4+ T helpers, CD3+ CD8+ cytotoxic T lymphocytes, the CD4/CD8 ratio,
CD16+ CD56+ natural Killers, interleukin 1, interleukin 6, and tumor necrosis factor (TNF-a).

The immunological status of patients was analyzed using flow cytometry, a technique
designed to characterize cells in a fluid stream. Parameters are automatically recorded and
subjected to computer processing, with the results visualized as graphs. This method allows the
investigation of parameters based on light scattering, including forward (cell size) and side scatter
(granularity). Further analysis was based on the detection of fluorescent dyes associated with the
cells. Monoclonal antibodies or other reagents marked with dyes are used to identify marker
molecules on the cell surface (and, with additional cell processing, inside the cell).

When whole blood is added to the reagents, the dye-labeled antibodies in the reagent
specifically bind to antigens on the surface of leukocytes. During the measurement (data
collection) process, cells pass through a laser beam and scatter its light. Stained cells fluoresce.
The data from the scattering and fluorescence signals detected by the instrument provide
information about cell size, internal complexity, and the relative intensity of fluorescence.

Conducting the study:

— Vortex the tube with the sample, then place the tube in the analyser’s carousel starting from the
first position and securely close the door.

— On the analyser’s screen, enter the patient's ID number in the "Name" field under "Worklist,"
choose "6-color TBNK" in the "Panel” field, and enter the absolute count of lymphocytes obtained
from the patient's complete blood analysis into "Column #3."

— On the top panel of tools, click on the icon with two tubes and an arrow. In the pop-up
information window, select "Yes," enter the date, and click "Save."

The research was performed automatically, and the results appeared on the screen; later the
results could be opened “Worklist” — “Status”.

Determined indicators of cellular immunity:

— CD3+ T-lymphocytes;
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CD3+CDA4+T helper cells;
CD3+CD8+ cytotoxic T-lymphocytes;

CD19+ B-lymphocytes;
CD16+CD56+ natural killer cells;
CD4/CD8 — immunoregulatory index (CD4/CD8 ratio).
Thus, the immunological method (determining indicators of cellular immunity) of

examining patients has been optimized through computerization and visualization of the obtained

data in the form of graphs.

2.8 Statistical analysis
Quantitative data were presented as mean values and standard deviations (M£SD)
and treated as continuous variables. Qualitative data were represented as frequencies and
proportions. Variables were dichotomised: the presence of marriage, miscarriages, and abortions
(yes/no). A significance level of p<0.05 was considered to determine statistically significant
differences. Data analysis was performed using SPSS 26.0 statistical software.

The frequency of polymorphic gene variants between groups was compared using the
Pearson y? test. Groups were dichotomized based on HPV carriage. Comparisons were made
between HPV 16 carriers and carriers of other HPV types, between HPV 18 carriers and carriers
of other types, and between HPV 51 carriers and carriers of other HPV types. These specific types
were chosen for analysis due to their widespread prevalence in the population. Statistical

calculations were conducted using SPSS 26.0 software.

2.9 Conducting a Systematic Review to Evaluate the Safety and Efficacy of
Photodynamic Therapy for Treating Cervical Dysplasia

The systematic review utilized the following inclusion criteria: types of study designs, such
as case-control studies, cohort studies, and randomized controlled trials; cases involving cervical
dysplasia, squamous intraepithelial lesions, or cervical intraepithelial neoplasia confirmed by
biopsy and/or cytology; application of PDT as a mono-therapy or in conjunction with another
therapy; all wavelengths and light sources; studies with or without comparators; all clinical
outcomes, including but not limited to the HPV eradication rate (HER), the complete response rate
(CRR) of lesions, and any adverse effects; and a minimum follow-up period of more than three
months. Additionally, we consider dimensions such as country, age, and CIN grade.

After selecting papers three researchers independently reviewed all of them by titles and
abstract and obtained relevant papers. In the event of any discrepancies between the reviewers,
they were resolved through discussion and consensus to reach a final decision. The relevant data

was entered into a spreadsheet for comparative analysis, and if all reviewers agreed, the study was
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included in the Mendeley data pool and some duplicated articles were extracted through that tool.
During the full-text screening, we excluded studies that did not meet the criteria we had previously
specified for inclusion.

The information from the included articles was gathered by three researchers independently
using a previously designed data collection form. The following data were extracted from each
study: the first author, country, study design, number of patients, median age, follow-up period,
type of CIN, intervention, measurement tools, and results with CRR. In the event of any
discrepancies between the reviewers, they were resolved through discussion and consensus to
reach a final decision.

Joanna Briggs Institute (JBI) tool was applied by three researchers independently to
estimate the risk of bias in each separate study. Domains like sequence generation, allocation
concealment, blinding, incomplete outcome data, selective outcome reporting, and other threats to
validity were considered to determine the risk of possible biases. The scale for evaluation consists
of three levels of bias: high risk of bias indicates probable bias that seriously weakens confidence
in the results if one or more key domains were assessed to be negative. For a low risk of bias which
is unlikely to alter the results, all key domains should be positive. If domains raise some doubt
about the results and the risk of bias, the last one will be assessed as unclear.

2.10 Ethics

This study adheres to the principles of the Helsinki Declaration of 1964 and Good Clinical
Practice. The research was approved by The Medical Centre Hospital of President’s Affairs
Administration of the Republic of Kazakhstan Local Bioethics with Protocol Ne3 issued on 9
August 2022 and was conducted under its recommendations. All participants were informed about
the study and provided written consent to participate, as well as to use their data for research and

educational purposes, ensuring the confidentiality of their personal information.
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3 Results of Own Research

3.1 Epidemiological Trends in Screening for Early Detection of Cervical Cancer: A
Case Study of a Municipal Hospital

The retrospective analysis of PCR and liquid cytology results performed in the hospital
laboratory between 2016 and 2022 revealed an increase in cervical cancer incidence from 314.4 to
341.92 per 100,000, primarily due to a rise in cases among women under 35 years of age.
According to our study, in 2016, there were 210 cases of LSIL (2.2%), with 123 being newly
identified. In contrast, in 2022, 499 patients were observed (3.48%), with 189 being newly
diagnosed.

For HSIL, in 2016, there were 122 patients (1.32% of the population), with 21 newly
identified cases. By 2022, this number had increased to 219 (1.53%), with 52 newly diagnosed
cases.

Age distribution of newly identified cervical lesions per 100,000 population showed an
increase from 0 to 431.03 among patients under 30 years, and from 219.42 to 264.55 for those
aged 30-34. There was a significant shift in the predominant age for newly diagnosed lesions from
60 years and older to 40-44 years (from 839.33 to 43.45 and from 196.08 to 491.95, respectively).

Despite the increase in the coverage of cytological examinations in the hospital from 54%
in 2016 to 87% in 2022, there was no corresponding rise in HSIL registrations. Notably, among
primary cases of severe dysplasia, the detection of HPV increased from 66.67% to 85.71%,
indicating high effectiveness of primary HPV genotype testing.

Additionally, there are epidemiological risks associated with the potential expansion of the
influence of other HPV genotypes and an increase in co-infection cases with multiple HPV
genotypes in the development of cervical cancer. Specifically, the decrease in the proportion of
identified genotypes 16 and 18 in cases of dysplasia and cervical cancer from 97.5% to 79.5% in
favor of other genotypes may indirectly indicate a change in the virulence of HPV.

3.2 Clinical and demographic indicators of study participants

According to the study results, the age of patients in the main group ranged from 18 to 48
years, with a median of 36.8+6.4 years (18-48) in the LSIL group and 35.9+6.4 years (27-48) in
the HSIL group. Twenty patients were younger than 30 years, 83 patients were aged 30 to 39, and
47 patients were older than 39. LSIL was detected in 123 patients during previous examinations
before PDT, while HSIL was found in 27 patients. The distribution of groups is illustrated in Figure
3.
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Bl 21.37% Age Group before 30
B 49.57% Age Group 30-39
Em 29.06% Age Group 40-48

HSIL

Bl 21.37% Age Group before 30
B 49.57% Age Group 30-39
Em 29.06% Age Group 40-48

HSIL

Figure 3 — Grouping of patients by age depending on the severity of dysplasia:
A. Patients with LSIL before PDT; b. Patients with LSIL before PDT

The average age of patients with LSIL was higher compared to those with HSIL. However,
these differences were not statistically significant (p=0.56). Both LSIL and HSIL groups were
predominantly composed of married women. In the LSIL group, the ratio of married to unmarried
women did not significantly differ, while in the HSIL group, the number of married women
significantly exceeded that of unmarried women (p=0.02). The incidence of miscarriages among
women with HSIL was much higher than in patients with LSIL; however, these differences were
not statistically significant (p=0.28). Medical abortions were performed nearly twice as often
among women with HSIL compared to those with LSIL (p=0.05) (Table 1). Thus, married women
and those with a history of abortions were more prone to developing HSIL and LSIL, indicating

they may be at higher risk for developing cervical dysplasia.

Table 1 — Descriptive statistics based on the severity of dysplasia

LSIL (n=109) HSIL (n=22) P
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Continuation of table 1

Mean age (M£SD) 36,8+6,4 35,9+6,4 0,56
In marriage
Yes 68 (55,1%) 22(81,8%) 0,02
No 55 (44,9%) 5(18,2%)
Miscarriages
Yes 28 (22.76%) 12 (44.45%) 028
No 95 (77.24%) 15 (55.56%)
Abortions
0 101(82,6%) 17(63,6%) 0,05
1 22(17,4%) 10(36,4%)

The most common type of HPV in both LSIL and HSIL is HPV 16. However, its frequency
was higher in cases of severe dysplasia (HSIL). Nonetheless, these differences were not
statistically significant (p=0.60). HPV 31 was somewhat less common but was also more prevalent
among patients with HSIL (p=0.23). The frequency of HPV types 52 and 58 significantly differed
based on the severity of dysplasia, occurring more frequently in severe cases (p=0.01 and p=0.03,
respectively). The prevalence of HPV 33, HPV 51, and HPV 56 was also higher among women
with HSIL; however, there were no statistically significant differences in the frequency of these
HPV types between LSIL and HSIL (p=0.43, p=0.10, p=0.43, respectively). HPV 35 was also
more frequently observed in cases of severe dysplasia. In contrast, HPV types 18, 39, and 59 were
more commonly found among women with LSIL than those with HSIL, although these differences
were not statistically significant (p=0.78, p=0.86, p=0.55). Notably, HPV types 45, 66, and 68
were found exclusively in women with LSIL. The distribution of groups is illustrated in Figure 1.

The analysis focused on the prevalence of leading HPV types and the course of HPV
infection in different groups. Among 117 patients with LSIL, 85 (72.6%) had a single HPV type,
classified as a mono-infection, with HPV type 16 being the most common. The remaining 32
patients (27.4%) had LSIL and HSIL associated with two or more HPV types, classified as a multi-
infection, where HPV type 16 also predominated. Of the 26 patients with HSIL, 12 (46.2%) had a
mono-infection, while the others suffered from multi-infections. Overall, among 143 patients, the
most frequently detected HPV genotype was type 16 (44%), followed by types 31 (13.2%), 52
(10.5%), and 58 (10.5%). HPV type 18 was found in 6.2% of cases.

The most statistically significant results were observed for HPV types 58 and 52 (p=0.03
and p=0.01, respectively). Consequently, patients with HPV types 58 and 52 fall into the risk group
(Table 2).
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Table 2 — Descriptive statistics of the distribution of HPV types

Types of HPV LSIL (n=123) HSIL (n=27) p

HPV 16 43(39,5%) 9(40,9%) 0.60
HPV 18 8(7,3%) 1(4,5%) 0.78
HPV 31 14(12,8%) 5(22,7%) 0.23
HPV 33 9(8,3%) 3(13,6%) 0.43
HPV 35 8(7,3%) 2(9,1%) 0.78
HPV 39 6(6,4%) 1(4,5%) 0.86
HPV 45 10(0,9%) 0

HPV 51 11(1,1%) 1(4,5%) 0,10
HPV 59 9(8,3%) 1(4,5%) 0,55
HPV 56 9(8,3%) 3(13,6%) 0,43
HPV 58 10(0,9%) 6(27,3%) 0,03
HPV 52 11(1,1%) 6(27,3%) 0,01
HPV 66 3(2,8%) 0

HPV 68 2(1,8%) 0

In the LSIL study group, 20 patients (17.1%) had a history of treatment with destructive
methods for HSIL—4 patients for HSIL and 16 for LSIL. In 17 cases, diathermoelectroconization
of the cervix was performed, and 3 patients underwent LEEP excision. All patients showed LSIL
in cytological examination results after surgical treatment. The remaining 97 patients in the group
had a first-time diagnosis of LSIL and had not received any treatment before FDT.

In the HSIL study group, 6 patients (23.1%) had undergone diathermoelectroconization of
the cervix for LSIL between 2009 and 2015, with disease recurrence identified in 2023. HSIL was
first diagnosed in 20 patients based on cervical biopsy results.

To investigate potential factors affecting treatment outcomes, we divided patients into
groups with primary cervical dysplasia—2117 (97 patients with LSIL and 20 with HSIL) and those
after surgical treatments—26 (20 patients with LSIL and 6 patients with HSIL). Three months
later, the pathological regression rate in the primary dysplasia group was 90.6% (106/117), while
the regression rate in the surgical treatment group was 88.5% (23/26). The 2 value was 0.11, with

p=0.72 > 0.05, indicating no statistically significant differences.

3.3 Patient treatment history
In the LSIL group, 20 patients (17.1%) had a history of treatment using destructive
methods: 4 cases for HSIL and 16 cases for LSIL. Conization of the cervix was performed in 17
instances, and LEEP excision was done for three patients. All patients showed LSIL in cytological
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examinations after surgical treatment. Among the remaining 97 patients in the group, the diagnosis
of LSIL was made for the first time, and they had not received any treatment before PDT.

As regards the HSIL group, 6 patients (23.1%) had undergone conization of the cervix for
LSIL between 2009 and 2015, with a recurrence of the disease detected in 2023. HSIL was
identified based on cervical biopsy results for the first time in 20 patients.

To study possible factors influencing treatment outcomes, we divided patients into groups
with primary cervical dysplasia—117 (97 patients with LSIL and 20 with HSIL)—and those who
had undergone surgical treatment—26 (20 patients with LSIL and 6 with HSIL). After 3 months,
the rate of pathological regression in the primary dysplasia group was 90.6% (106/117), while the
regression rate in the group with a history of surgical treatment was 88.5% (23/26). The value of
y*> was 0.11 (p=0.72), indicating no statistical differences.

Sexually transmitted infections (STIs) were detected in 52 out of 143 patients during
preparation for the PDT procedure. Ureaplasma was detected in 37 cases, Gardnerella vaginalis
in 34 cases, Mycoplasma in 7 cases, and Chlamydia trachomatis in 1 case. Patients with STIs were
divided into two groups: the first group consisted of 27 individuals with a single type of infection,
and the second group included 25 individuals with a combination of different infections.
Conservative therapy for these infections was not planned before the start of PDT in this study.
The presence of one or more infections was considered only as a factor that might influence the
outcomes of cervical dysplasia treatment with PDT.

In the group with only one type of STI, regression of dysplasia occurred in 25 out of 27
patients. The two patients who did not respond to PDT were diagnosed with LSIL. In the group
with more than two STIs, disease regression was seen in 19 out of 25 patients, meaning 6 patients
did not respond to PDT, 5 of whom had LSIL. Statistical analysis revealed differences in treatment
outcomes between these groups, suggesting that having more than two identified STIs before PDT

may be a factor reducing treatment effectiveness, with a y> value of 8.92 (p=0.003).

3.4 Development of a method for treating background and precancerous diseases of
the cervix with PDT

The essence of the developed technical solution is a method for treating background and
precancerous diseases of the cervix, which involves the intravenous administration of a
photosensitizer, followed by photomodification of the blood and fluorescent diagnostics,
culminating in photodynamic therapy of the cervix and cervical canal. This method is
distinguished by the intravenous administration of the photosensitizer "Photolon" at a dose of 1.2
mg/kg of the patient's body weight; 30 minutes later, photomodification of the blood is performed
using the "Lachta-Milon" device with a wavelength of 662 nm, an output power of 100 mW, and

an exposure time of 30 minutes using a main optical fiber "Polironik"” and interchangeable sterile
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nozzles for intravenous irradiation. Three hours after the administration of the photosensitizer,
under the control of fluorescent diagnostics, subsequent irradiation of the cervical canal is
performed using flexible diffusing optical fibers with a scattering length of 4 cm, a power of 500-
700 mW, for 14-21 minutes, and the outer portion of the cervix is irradiated using external optical
fibers with a power of 600-1200 mW for 6-20 minutes, delivering energy density to the focal point
of 250-400 J/cm?. After irradiation, fluorescent diagnostics are conducted using an LED
illuminator with a wavelength of 400+15 nm to assess the effectiveness of the treatment provided.

The first stage involves the intravenous administration of the photosensitizer. Photolon is
available as a lyophilized powder for infusion preparation. The vial may contain 25, 50, or 100 mg
of the dry active substance—chlorin E6. According to the drug instructions, it is administered
intravenously in doses ranging from 1.0 to 3.0 mg/kg of body weight, depending on the type of
disease, its localization, and the extent of the pathological process. The dose used in our study was
1.2 mg/kg.

To prepare the Photolon solution, 50 ml of a 0.9% NaCl solution is added to the powder in
the vial and thoroughly mixed until fully dissolved. The following formula is used to calculate the
necessary amount of the drug to achieve the desired dose:

(NxmxV) /4
N — the required concentration of the photosensitizer, which in this study is 1.2 mg/kg;
m — the mass of the patient in kg;
V — the volume of the 0.9% NaCl solution used to dissolve the powder in the vial, with a
maximum volume of 50 ml;
A — the amount of active substance in the vial, which in this study is 100 mg.

For example, for a patient weighing 70 kg, 42 ml of the drug is needed to achieve a dose
of 1.2 mg/kg. The calculated amount of the drug is then dissolved in 200 ml of saline and
administered intravenously over 30 minutes.

Three hours after administration, the photosensitizer redistributes in pathological and
healthy cells/tissues with maximum contrast. The second stage involves fluorescent diagnostics
(FD) to monitor the accumulation of the photosensitizer. A LED light source with a wavelength
range of 400+15 nm is used, and a yellow optical filter is placed on the video colposcope to block
ultraviolet radiation and record the red fluorescence of pathologically altered tissues. The
fluorescence of the photosensitizer is used to determine the size and extent of the pathological
lesion.

The third stage involves irradiating the cervix using a diffuser with a working length of 4
cm and photoactivation of the exocervix using a macro lens that transmits radiation from a laser

device with a wavelength of 662 nm. Before photoactivation, the following parameters are
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calculated: light flux power and exposure time for the diffuser and macro lens according to
previously described formulas (13). The laser energy dose for the cervix in patients with LSIL is
250 J/em?; for patients with HSIL, it is 350 J/cm?. The power density does not exceed 400 mW/cm?
to avoid overheating the tissues. Fluorescent studies are conducted after photoactivation to detect
photobleaching of the photosensitizer in pathological tissues.

The results three months after PDT were evaluated for treatment effectiveness based on
standard criteria (WHO), taking into account the dynamics of tumor size changes and
morphological control data:

- Complete Effect (CE) — complete disappearance of all disease manifestations, confirmed three
months after treatment by laboratory and instrumental diagnostic methods.

- Partial Effect (PE) — visual improvement observed during examinations and colposcopy,
confirmed three months after treatment by laboratory and instrumental diagnostic methods,
indicated by a transition from severe dysplasia to ASCUS.

- Stabilization (S) — visual improvement noted during examinations and colposcopy, confirmed
three months after treatment by laboratory and instrumental diagnostic methods.

- Progression (P) — no visual changes during examinations and colposcopy, or the appearance of

new foci observed colposcopically, confirmed by laboratory and instrumental diagnostic methods.

3.4.1 Conducting Systemic Photomodification of Blood

Systemic photomodification of blood is performed 30 minutes after the intravenous
administration of the photosensitizer. This involves intravenous irradiation of blood in the cubital
vein of the opposite arm using a fiber optic device with an attachment for ILBI on laser machines
with a wavelength of 662 nm. The procedure is carried out under the following parameters: laser

source power of 100 mW and an irradiation time of 30 minutes.

3.4.2 Development of Fluorescent Diagnostics Technology

In our study, fluorescent diagnostics were performed to determine the tumor boundaries
before photodynamic therapy (PDT). Patients were administered a photosensitizer at a dose of 1.2
mg/kg body weight over a period of 30 minutes. Three hours after the administration, the
photosensitizer was evenly distributed in the pathological cells, creating maximum contrast.

To track the accumulation of the photosensitizer, we used LED light sources operating in
the range of 400+15 nm, along with a yellow filter mounted on the video colposcope. This filter
blocks ultraviolet radiation and allows for the registration of red fluorescence from pathologically
altered tissues when exposed to ultraviolet light. Thus, we utilized the fluorescence of the
photosensitizer to assess the size and extent of the pathological lesion before local photoactivation.
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After completing the photoactivation, fluorescent control was conducted to document the
effect of complete photosensitizer depletion and evaluate the effectiveness of the radiation dose

administered.

3.4.3 Development of a Method for Assessing Fluorescent Diagnostics

In most cases, the fluorescence boundary matched the images from the colposcopy (Figures
4 A, Band 6 A, B). The device used for fluorescent diagnostics in this study (LED 405 nm +
yellow optical filter) does not allow for quantitative data on the accumulation of the agent;
therefore, the assessment of fluorescence is qualitative, based on the brightness displayed on the
video colposcope screen.

In our study, the HSIL group exhibited brighter fluorescence compared to the LSIL group,

indicating that the greater the number of atypical cells, the brighter the fluorescence.

Figure 4 — Colposcopy of a 31-year-old patient
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Patient parity — 1. In 2022, the patient underwent conization of the cervix due to LSIL. At
the beginning of 2023, during a follow-up examination, a cytological study was conducted, and
the diagnosis of LSIL and HPV type 16 was confirmed. A. During the colposcopy of the cervix,
the external os is slit-like, and there is a polyp on a stalk with a smooth surface in the lumen of the
cervical canal. After treatment with a 3% solution of acetic acid, the abnormal colposcopy picture
I: the metaplastic epithelium acquires a delicate acetowhite colour. B. A bright red glow of the
cervical canal polyp and around the external os is observed during fluorescence diagnostics. C. On
the 5th day after FDT, the cervix is swollen, hyperemic, with a dense fibrinous coating on the
surface and petechial hemorrhages. D. At the follow-up examination three months later, complete
epithelialization of the cervix with mature epithelium is observed. Cytological study: NILM,;
according to PCR data from the cervical canal discharge, high-risk oncogenic types of HPV are

not detected.

3.4.4 Conducting Local PDT for the Cervix

The patient is positioned on a gynecological chair. Photodynamic therapy (PDT) of the
cervix is performed under local anesthesia. Based on the obtained data during fluorescence
diagnostics and the prevalence of the pathological process, a protocol for cervical PDT is planned.
The following devices are used as sources of laser radiation: "Lachta-Milon™ - a laser for PDT.
Light guides: a cylindrical diffusion-type light guide with a scattering length of 4 cm and a light
guide with micro or macro lenses.

Irradiation of the cervical canal using a flexible cylindrical diffusion-type light guide
allows for adequate photoactivation throughout the entire length of the cervical canal. The
diameter of the instrument is approximately 2 mm, allowing it to be inserted without the need to
dilate the cervical canal. Light exposure is conducted in a pulsed generation mode with a duty
cycle of 1.4. The total exposure time ranges from 14 to 21 minutes, depending on the required
radiation dose (200-350 J/cm?).

Following this, the vaginal portion of the cervix and, if necessary, the vaginal vaults and
walls are subjected to PDT. Irradiation is performed at a distance with a light emission diameter
ranging from 1 to 3 cm. The number and size of the treatment fields are selected individually.

To calculate the light dose, the average power is used. The exposure time is determined
using the following formula:

T =DIP,

— T =time of light exposure (minutes);
— DD = required energy density (J/cm?);
— PP =power density (W/cm?).
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Power densities during photodynamic therapy (PDT) can range from 100 to 400 mW/cm?;
further increases in power density can lead to hyperthermia. The energy density, or radiation dose
delivered to the pathological areas, ranges from 150 to 400 J/cm?. The output power of the laser
source is monitored with an external meter before, during, and after each irradiation session.
Control of power density distribution across the irradiated surface is conducted after each
adjustment of the laser or light guide and after changing the light guide instrument. To protect the
eyes of the physician and surrounding staff during irradiation, special protective goggles designed

for use with lasers, supplied by the manufacturer of the laser equipment, are utilized.

3.5 Assessment of the Safety of PDT

The safety of PDT was assessed throughout the entire treatment process. All patients
adhered to the light protection guidelines for two days. Complications, such as swelling around
the eyes, were reported in two patients, which was linked to a violation of light protection
measures. It is recommended to use sunscreen from the first day of photodynamic sensitizer
administration and to take antioxidants (vitamins C, E, p-carotene) to prevent phototoxic skin
reactions.

Immediately after the procedure, all patients reported dull pain in the lower abdomen and
transient burning sensations. Gastrointestinal symptoms (nausea, vomiting) were observed in
27.8% of cases due to intoxication. The early postoperative period was accompanied by an increase
in body temperature to 37.8+0.5°C. During PDT, 62.5% (94 patients) reported mild burning, 7.8%
(12 patients) experienced moderate burning, 12.7% (19 patients) felt severe burning, while 17%
(26 patients) reported no burning sensation. Additionally, 31.7% (48 patients) experienced mild
itching, 4.5% (7 patients) reported moderate itching, 5.6% (8 patients) experienced severe itching,
while 58.2% (88 patients) had no itching. All these symptoms were temporary and accompanied
by spontaneous remission.

Among 150 patients, 2-3 months after PDT, side effects were noted, including
endometriosis in 17.2% (26 patients), menstrual cycle disturbances in 21.9% (33 patients), and
pulling pains in the lower abdomen in 19.9% (30 patients). However, 41% (62 patients) reported
no side effects.

Quality of life assessments for women before and after treatment were evaluated using the
QOL-CS questionnaire. Patients were assessed on physical, psychological, social, and spiritual
well-being before treatment, 3—7 days after treatment, and at 6 months. Comparison based on these

criteria showed that patients' well-being did not suffer.
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3.6 Assessment of PDT Effectiveness in Patients with Cervical Dysplasia at 3 and 12
Months

Treatment outcomes were evaluated at 3 and 12 months after PDT. Three months post-
treatment, complete regression of the pathological process was observed in 75.6% of patients (93
out of 123) in the LSIL group, while 25 patients (20.3%) still had LSIL. The complete recovery
rate for LSIL was therefore 75.6%. In the HSIL group, complete regression was achieved in 92.6%
of patients (25 out of 27), with two patients experiencing persistent HSIL. The complete recovery
rate in the HSIL group was higher than in the LSIL group at 92.6%. All patients with partial
regression underwent repeat PDT.

At the 12-month assessment (as of October 2024), complete recovery was achieved in 101
individuals in the LSIL group (n=105), with 4 patients still having LSIL. The complete recovery
rate in this group was 96.1%. In the HSIL group, complete regression was observed in 12 out of
13 patients, with 1 patient remaining with HSIL. The complete recovery rate for the HSIL group
was 92.3%. According to the study design, 32 patients (18 LSIL, 14 HSIL) are scheduled to
complete relevant tests by the end of 2024.

The complete recovery rate for HPV remission at 12 months was 82.20% (118 out of 97).
HPV 16 was detected in the highest number of participants (6), HPV 33 was found in three
participants, while HPV 31, 39, 51, and 58 were each found in two participants.

Our study indicates that the likelihood of successful PDT application is higher in HSIL
compared to LSIL. This difference may be attributed to lower accumulation of the photosensitizer
and a less pronounced photodynamic reaction in patients with LSIL.

3.7 Systematic Review of the Effectiveness and Safety of PDT in Treating Cervical
Dysplasia Associated with Human Papillomavirus

The results of our study demonstrate that the complete recovery rate for HPV remission
ranges from 66.7% to 92.73%, while for LSIL it fluctuates between 57.1% and 83.3%. The
recurrence rate of the disease varied from 3.3% to 8.9% during the observation period of up to 2
years (Table 3).

Table 3 — Research Characteristics

Country Study design Intervention Results, CRR
China Prospective TG - topical PDT with 10 % ALA | 3 month follow up period
[44] study thermogel (Shanghai Fudan— | for HR-HPV remission:

Zhangjiang Bio- Pharmaceutical Co., | CRR=64.10 % in TG vs
Ltd.) with a 635 nm diode laser | 24.32 % in CG (x2 =
(LD600-C; Wuhan Yage Photo- 12.152, P <0.01) * 9 month
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Electronic Co. Ltd, Wuhan, China),
light 100 J/em2.

Duration: 3 times with 2 weeks interval

irradiation  of

CG —no treatment

follow-up for HR-HPV
remission: CRR=76.92 %%
in TG vs 32.40 % in CG (x2
= 15.202, P < 0.01) « 9-
month follow-up for CIN1
conversion: 83.33 % in TG
vs 0 % in CG (X2 = 7.639,
P < 0.001).

China
[45]

Controlled

Clinical trial

OG - topical PDT with 20 % 5-ALA;
He-Ne laser with 632.8 nm red light,
100 j/em2; CG - high-frequency
electric ion operating treatment.
Duration: 4 times with 1 week interval;

ALA: 3 h before; PDT: 40-50 min

The 6-month follow-up
period for HR-HPV RR:
81.81 % in OG and 52.73 %
in CG (x2 = 4.9381, P <
0.05); <+ The
follow-up period for HR-
HPV RR: 10.91 % in OG
and 7.27 % in CG (x2 =
2.1164, P < 0.05); * Total
RR of HR-HPV DNA:
92.73 % in OG and 60.0 %
in CG (x2 = 4.2615, P <
0.05)

9-month

Korea [46]

Retrospective

study

Photogem intravenously (Moscow,
Russia-2 mg/kg) and red laser light
with a wavelength of 630 nm
(CERALAS; Ceram Optec GmbH,
Bonn, Germany), 150 J/cm2. Grl: only
PDT Gr2: PDT + LEEP/Cone Gra3:
PDT within 3 months after LEEP/Cone
Gr4: PDT after 12 months after
LEEP/Cone due to CIN
Duration: Photogem was administered

48 h before laser.

recurrent

CRR of HR-HPV DNA: ¢ 3-
month follow-up period:
89.8 % (44/49); « 12-month
follow-up period: 87.0 %
(40/46); Total CRR of PDT
at 12 months follow up:
98.1 % (52/53)Grl: CIN2:
100 % (2/2), CIN3: 100 %
(6/6), CIS: 80 % (4/5). CRR
=100 % (13/13)

Germany [47]

Prospective,
randomized,
double-blind,

placebo-

TG — HAL vaginal suppositories 100
mg; red coherent light with h
wavelength of 633 nm (Biolitec,

Germany), 50 J/cm2 CG - placebo
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controlled,
Phase lla

vaginal suppositories+PDTfollow-up
only. Duration: 2 times with 1 month
interval; HAL/placebo: 5 h before;

PDT: 17 min

40.0 % (4/10) and follow-up
group: 0 % (0/6)], p = 0.040
CR of HPV: « TG: 73.3 %
(112/15 PP)

CG: 50 % (5/10 PP)
[placebo+PDT: 28.6 %(2/7)
and follow-up group: 100 %
(3/3)], p=0.397

Germany[48]

Double-blind
randomized
placebo-
controlled,
dose-finding
study, Phase Ilb

topical treatments of HAL
hydrochloride 0.2 %, 1 %, 5 % TGL1.:
HAL 5 % TG2: HAL 1 % TG3: HAL
02 % CG:

HAL/placebo: 5 h before; automatic

placebo Duration:

illumination for 4.6 h.

There
significant
CIN1 and CIN1/2, also in
HAL1 % and HALO0.2 %
compared to the placebo
group. CRR in CIN2: 3
months: TG - 95 % (18/ 19),
Placebo — 57 % (12/ 21), p
= 0.009 6 months: TG - 95
% (18/ 19), Placebo — 62 %
(13/ 21), p = 0.021 CRR in
HR-HPV: 3 months: TG -
83 % (5/6), Placebo — 0 %
(0/6) 6 months: TG - 83 %
(5/6), Placebo — 33 % (2/6)

Dose-related

is no statistically

result in the

response in
CIN2+HPV eradication: 6
months: HAL5 % - 84 %
(16/19), HAL1 % - 48 %.
(14/29), HALO.2 % - 42 %
(8/19), Placebo — 38 % (8/
21)

Korea [49]

retrospective

study

TG: photogem sensitizer and 632 nm
diode (Biolitec,
Germanphotoprintfrin sensitizer and
630 (Diomed,
Cambridge, UK), 240 J/cm2. Duration:

laser Ceralas,

nm diode laser
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2 cycles with 1- or 2- months interval
(every cycle with 2 days interval)

Brazil [50]

Randomized
Clinical trial

TG: 20 % MAL cream application and
CerCa 150 System leds emitting at 630
nm, 80-180 J/cm2 of fluency; CG:
only cervix illumination (n = 8) or only
MAL cream application (n = 6)
Duration: 2 times with 1-week interval;
MAL: 1 or 3 h before PDT.

42 of 56 patients with CIN1
had CRR=75 % for 1 (12.5
%) and 2 (62.5 %) years of
follow-up period; CIN1
remained in 5.4 %, CIN2

progression in 8.9 %, CIN1
recurrence in 8.9 % within 2
years after PDT. For CIN
2/3 patients, CRR=90 %
after 1 (30 %) and 2 (60 %)
years of follow-up period.
Placebo group: abstention -
2857 % and

persistence - 14.3 %;

lesion

China [51]

Prospective
study

TG: 20 % 5-ALA and LED- IB type,
wavelength of 633 nm (Wuhan Ya
Daylight Electric Technology Co.
LTD) and 80 J/cm2. Duration: 3 or 6
times with 1 week interval; PDT: 30

min

CR - 57.14 % for 1 and 2
years of follow-up period
CRR in HR-HPV: 3 months
= 7532 % (58/ 77), 6
months = 80.52 % (62/ 77),
12 months = 81.82 % (63/
77). CRR of CIN1 at 6
months follow up = 88.31
%, at 12 months follow up =
94.81 %

Japan [52]

a clinical trial,
Prospective

study

20 % 5-Aminolaevulinic acid (5ALA),

633 nm light, 1000-150 J/ cm2
Duration: 2 times with 1-2-week
interval

Positive effects = 96.1 %
CRR = 70.6 % CR of HPV
= 79.4 % Recurrence = 3.7
% (1/51)

China [53]

Retrospective

analysis

5ALA and LD600-C photodynamic
(Wuhan Yage
Optic Electronic nic Technique Co.,
Ltd.) 635 nm red light wave at 80

mW/cm2. Duration: 3 times with 1-2-

therapy instrument

40

After 6 months of follow-
up: the EG=HPV CR-79.0
%, LSIL reversal rate - 80.6
%, CG = HPV CR - 62.3 %,
LSIL reversal rate - 64.2 %
(P<0.05)
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week interval; ALA: 34 h before;

PDT: 30 min
China [54] Retrospective 20 % 5-ALA thermosensitive gel | 6 months after ALA-PDT:
analysis (Shanghai Fudan-Zhang Jiang Bio- | Residual lesion rate —9.1 %

Pharmaceutical Co, Ltd) and light | (3/33), p = 0.004 The HPV
irradiation at 635 nm and 100 J/ cm2. | clearance rate — 66.7 %, p =
Duration: 6 times with 1 week interval; | 0.01 Recurrence rate — 3.3%
ALA: 3 h before; PDT: 30 min at 2 years follow up, p =
0.021

Adverse events were reported in 8 (66%) of the studies, with the most common being

cervical stenosis, abdominal pain, vaginal pain, and localized edema. A total of five types of local
and intravenous applications were primarily used, along with lasers of various wavelengths and
intensities. However, all studies demonstrated relatively similar results. According to the data
obtained, PDT showed favorable outcomes but did not have a significant impact on the treatment
of cervical dysplasia. It is important to emphasize that the effectiveness of PDT for treating
cervical dysplasia associated with HPV may vary depending on several factors, including the type
of PDT agent used, dosage, duration and frequency of administration, severity and location of

lesions, and the body's immunological response.

3.8 post-PDT inflammation and immune cell examination

All patients underwent blood and immune cell examination (absolute number of
leukocytes, neutrophils, lymphocytes, monocytes, etc.) and complete blood count (Table 4). As
shown in Table 1, patients on the 5th day after PDT exhibited a significant rise in leukocytes,
neutrophils, monocytes, and ESR, indicating a notable inflammatory response. In 126 patients, a
body temperature exceeding 37 °C was observed on day 2 post-PDT, which resolved on its own
within 3-4 days.
Table 4 — CBC parameters in patients before, on day 5 post-PDT and 3 months after PDT

Patient group
Blood Reference Blood sample
parameter range period LSIL (n=117) HSIL (n=26)
127 (120-137)
before PDT 129 (127-136)
Hemoglobin, Day 5 post 123 (113- 122 (117-
120,0-140,0 p1<0,001 p1<0,001
g/l PDT | 130) 128)
3 months after | 128 (117- 126 (121
p2=0,001 p2=0,001
PDT 134) 136)
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before PDT 38,4 (35,9-40,5) 38,8 (37,4-41,0)
Day 5 post 36,6 (34,4— 37,1 (34,8-
) p1<0,001 p1<0,001
Hematocrit, PDT | 39,2) 38,5)
32,0-46,0
% 38,1 (35,6—
3 months after | 38,0 (35,9—
p2=0,001 39,8) p2=0,001
PDT 39,7)
before PDT 4,41 (4,22-4,64) 4,39 (4,28-4,52)
Day 5 post 4,27 (3,97- 4,12 (4,01-
Erythrocytes, p1<0,001 p1<0,001
3,9-4,7 PDT | 4,5) 4,36)
107M2/1
3 months after | 4,38 (4,14—
p2=0,001 | 4,16-4,40 p2=0,001
PDT 4,65)
before PDT 5,94 (5,18-6,94) 5,77 (5,21-6,51)
Day 5 post 9,01 (7,69- | p1<0,001 | 9,12 (8,16— | p1<0,001
Leukocytes,
4,0-9,0 PDT % 11,4) 11,2)
1079/
3 months after | 6,05 (5,18- | p»<0,001 | 5,5(4,86- | p2<0,001
PDT 6,95) 6,78)
before PDT 3,35 (2,87-4,02) 3,21 (2,81-3,51)
] Day 5 post 6,61 (5,3— | p2<0,001 | 6,05 (5,22— | p:<0,001
Neutrophils,
1,7-7,7 PDT 1 8,08) 7,03)
1079/1
3 months after | 3,4 (2,81- | p2<0,001 | 3,05(2,59- | p.<0,001
PDT 4,01) 4,28)
before PDT 0,44 (0,39-0,53) 0,43 (0,38-0,47)
Day 5 post 0,64 (0,54— | p1<0,001 | 0,61 (0,56 | pi<0,001
Monocytes,
0,0-0,6 PDT % 0,75) 0,73)
1079/
3 months after | 0,46 (0,37— | p»<0,001 | 0,45 (0,35- | p»<0,001
PDT 0,55) 0,5)
before PDT 269 (232-319) 270 (235-296)
Day 5 post 288 (240- p2<0,05 278 (252— p1=0,5
Platelets,
150,0-400,0 PDT 331) 310)
1079/1
3 months after | 276 (226— p2=0,4 281 (238- p2=0,5
PDT 311) 337)
before PDT 15 (8-24) 11 (7-16)
Day 5 post 46 (37-70) | p1<0,001 | 45 (29-55) | p1<0,001
ESR, mm/h 2,0-20,0 PDT %
3 months after 13 (7-21) p2<0,001 9 (5-20) p2<0,001

PDT
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Lymphocytes,
%

19,0-40,0

before PDT 31,5 (27,4-35,8) 31,2 (28,9-34,8)
Day 5 post | 19,3 (16,03— | p1<0,001 | 20,57 (15,8— | pi<0,001
PDT | 23,4) 24,7)
3 months after | 31,5 (26,8— | p»<0,001 | 34,7 (26,2— | p»<0,001
PDT 36,9) 36,8)

Note: pl - differences in blood parameters before PDT and 5 days post PDT.
p2 - differences in blood parameters between results 5 days post PDT and 3 months after the procedure.
Although PDT provides local action, 5 days after inflammation started on the cervix it

manifested itself in the form of a systemic reaction which was accompanied by significant

neutrocytosis, ESR increase and other indicators of reactive inflammation.

Analysis of cell immunity state was carried out; main cell populations (T-cells, B-cells,

natural Killers) and T-lymphocyte subpopulations (T-helper cells, CTLs) were determined for the

primary study of the immunological status and pro-inflammatory cytokines (IL-1, IL- 6, TNF-a)

(Table 5).
Table 5 — Immunological blood indicators in patients before and 5 days post-PDT
Blood Patient group
Reference sample
Parameter )
range Period
LSIL (n=117) HSIL (n=26)
before 1,32(1,11- 1,51(1,12—
CD3+T-
PDT 1,67) 1,75)
lymphocytes, 0,95-1,8 =4 p2>0,05 p1<0,05
ays
1079/1 Y 1,34(1,1-1,63) 1,46(1,21-1,9)
post PDT
before 73,8(69,5—
CD3+T- 75,43(73-77,8)
PDT 78,9)
lymphocytes, 55,0-80,0 p1>0,05 p2>0,05
5 days 77,1(74,4—
% 75(71,2-79)
post PDT 79,7)
before 0,19(0,15- 0,18(0,15-
CD3+B-
PDT 0,24) 0,24)
lymphocytes, 0,15-0,4 p1>0,05 p2>0,05
5 days 0,18(0,13- 0,16(0,13-
10M9/1
post PDT 0,24) 0,22)
before 9,63(8,74—
11(8,54-13,2)
CD3+B- PDT 11,4)
lymphocytes, 6,0-19,0 5 days p2>0,05 p>0,05
% post PDT | 10 (8,07-13,0) 9,43(8,32-10)
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CD3+ before 0,77(0,63- 0,86(0,74—
CD4+T- PDT 0,96) 1,04)
0,57-1,1 p1>0,05 p2>0,05
helper cells, 5 days post 0,87(0,79-
0,78(0,65-1,0)
1079/1 PDT 1,09)
CD3+ before 43,37(38,3— 44,9(42,1-
CD4+T- PDT 48,4) 50,7)
31,0-51,0 p1>0,05 p2>0,05
helper cells, 5 days post | 44,4(39,5- 46,5(43,2—
% PDT 48,6) 49,5)
before
0,47(0,4-0,64) 0,5(0,41-0,61)
CD3+ CD8+ PDT
0,45-0,85 p1>0,05 p2>0,05
CTLs, 1079/ 5 days post 0,49(0,38-
0,45(0,36-0,6)
PDT 0,69)
before 27,8(22,5-
27,7(23-32,5)
CD3+ CD8+ PDT 31,1)
19,0-35,0 p1>0,05 p2>0,05
CTLs, % 5 days post 27,4(22,44—
26,4(23,1-31)
PDT 30,7)
before
1,6(1,2-2) 1,6(1,32-2,2)
PDT
CD4/CDS8, % 1,5-2,0 p1>0,05 p1<0,05
5 days post
1,7(1,5-2) 1,8(1,5-2,2)
PDT
before 0,21(0,14— 0,24(0,21-
CD16+
PDT 0,35) 0,29)
CD56+ NK 0,18-0,42 p1>0,05 p2>0,05
5 days post | 0,21(0,14— 0,22(0,17-
cells, 109/
PDT 0,31) 0,25)
before 12,95(9,99-
CD16+ 12(8,28-17,8) | p:>0,05 p1>0,05
PDT 15,2)
CD56+ NK 7,0-20,0
5 days post | 12,6(8,04— 12,3(9,57—
cells, %
PDT 16,4) 13,8)
before 0,098(0,0- 0,098(0,098—
Interleukin-1, PDT 1,33) 1,12)
0-11,0 p1<0,001 p1<0,001
pg/mi 5 days post | 0,725(0,098— 0,714(0,098—
PDT 1,31) 0,89)
before 1,32(0,46— 1,18(0,22—
Interleukin-6, PDT 2,46) 2,08) p1<0,001
0,0-3,4 p2<0,001
pg/ml 5 days post | 4,15(0,098— 8,41(0,6— p3<0,01
PDT 10,41) 12,66)
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before | 0,098(0,0- 0,16(0,098—
TNF-a, PDT | 0,71) 1,15) p1<0,001
0,0-6,0 p1<0,001
pg/ml 5days | 0,67(0,098— 3,01(0,098— | ps<0,01
post PDT | 2,09) 4,61)

Note:
pl - differences in parameters before PDT and 5 days post PDT.
p3 — differences in parameters between LSIL and HSIL groups on day 5 post PDT.

There were no statistically significant differences in the levels of circulating immune
complexes in the C3 and C4 complement components of peripheral blood in patients on day 5
post-PDT. However, systemic reactions were associated with increased levels of traditional
inflammatory indicators and proinflammatory cytokines. A statistically significant difference
between patient groups was observed using the chi-square test. Specifically, IL-6 and TNF-a levels
on day 5 post-PDT were higher in the HSIL group compared to the LSIL group. The ¥ value for
IL-6 was 8.89, and for TNF-q, it was 9.27, with a significance level of p<0.01.

Work carried out on the example of one patient:

Patient HWOCO020.

Clinical diagnosis: severe cervical dysplasia. HPV 45+,

Operation: 05/12/2023 photodynamic therapy. She underwent the manipulation
moderately. From the anamnesis: Pregnancies: 2, Childbirth: 1, Abortions: 1. Contraception:
barrier. Gynaecological operations: none. Planning a pregnancy - yes.

Cytological examination of smears stained by Papanicolaou. The specimen was prepared
using liquid cytology. The quality of the drug is adequate. In the submitted material, against the
background of neutrophilic leukocytes, cells of the superficial, intermediate layers of multilayered
squamous epithelium and metaplastic cells with signs of low-grade squamous intraepithelial
lesions were found. Among them, in clusters, there are glandular epithelial cells without signs of

atypia. Conclusion: "Features of Low-Grade Squamous Intraepithelial Lesion (LSIL)."
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Figure 5 — Cytological examination of smears stained by Papanicolaou. Signs of LSIL

Figure 6 — Colposcopy of a 31-year-old patient.
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Medical history: patient parity - 1, did not visit a gynecologist for 4 years. The patient got
a pap smear and was tested for HPV (PCR method) at periodic screening in February 2023, which
revealed moderate cervical intraepithelial neoplasia - HSIL and highly oncogenic HPV 31 type.
A. Standard colposcopy reveals areas of acetowhite epithelium at the 12 o'clock position, with
atypical epithelium appearing as a mosaic and punctation (capillary projections appear as fine,
uniformly spaced red spots). Pearly clusters are observed at the edges of the transformation zone,
which are clear indicators of HPV infection. B. Fluorescent colposcopy visualizes lesions that are
bright raspberry in colour (such patterns are often seen in cases of severe dysplasia and cancer),
complementing and enhancing traditional colposcopy examination. C. On the 5th day, extensive
dense scabbing is observed following photodynamic therapy. D. The cervix after PDT at 3 months.

The vascular response of the cervix, characterized by cyanosis, is observed immediately
after PDT (Fig.6). Subsequently, the inflammatory reaction intensifies in the surrounding tissues,
manifesting as fibrin formation on the cervix by the 5th-day post-PDT, which leads to necrosis of
the affected areas. Approximately 18-21 days after PDT, the necrotic eschar is rejected, and
epithelial regeneration begins. Thus, during colposcopic examination using Photolon, no
differentiated cells were found over time, indicating the effectiveness of laser technologies with

photosensitization.
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The immune status of the patient was assessed using a panel of T and B lymphocytes and

analyzed with a fluorescent cytometer.
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Figure 7 — Immunological picture of the patient before PDT

In the examined peripheral blood sample, the lymphocytes are within the normal range in
both absolute and relative values, constituting 27.2% (1.30 x 1079/L). The subpopulation
composition of lymphocytes includes all T-V-NK subpopulations. The total number of T-
lymphocytes (CD3+) is within the normal range. However, there is an observed imbalance in the
content of the major T-cell populations (CD3+CD4+/CD3+CD8+), which is due to fewer T-helper
cells (CD3+CD4+). The number of B-lymphocytes (CD3-CD19+) and natural killer cells
(CD16+CD56+) is within the normal range.
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Figure 8 — Immunological picture of the patient on the 5th day after PDT
In the examined peripheral blood sample, the absolute count of lymphocytes remains
within the normal range at 1.42 x 10"9/L, but the relative percentage has decreased to 15.8%. The
total number of T-lymphocytes (CD3+) and T-helper cells (CD3+CD4+) are within the normal
range. However, the immunoregulatory index (CD4/CD8) remains reduced at 1.4.
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Figure 9 — Immunological picture of the patient 3 months after PDT

In the peripheral blood sample under study, the number of lymphocytes and their
subpopulation composition were within normal limits. The immunoregulatory index (CD4/CD8)
remains reduced to 1.3. Conclusion: The immunoregulatory index depends on the CD4/CD8 ratio;
a reduced value indicates a deterioration in the functioning of the immune system and indicates
that the function of protective cells in the body is weakened. This is usually observed in pathologies
accompanied by immunodeficiency: infectious diseases, congenital immunodeficiency, any
protracted and chronic diseases.

Thus, during a colposcopic study using Photolon, no differentiated cells were detected over
time, which indicates the effectiveness of laser technologies with photosensitization.

3.9 Results of Targeted Exome Sequencing of DNA from Study Participants

3.9.1 Frequency of Genes and Polymorphic Variants of HLA System Genes

According to the results of exome sequencing, four significant genes (HLA-DQB1, HLA-
DQAZ2, TAP2, HLA-C) were identified concerning the persistence of three types of HPV (16, 18,
51) in cervical intraepithelial neoplasia (CIN). The allelic polymorphism of each of the significant

genes was investigated (see Table 2).
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In our research, HLA-DQB1 gene, the most common polymorphic variants were found
among HPV 16 carriers, while variants of sequence variability in the HLA-DQBL1 gene were rarely
observed in HPV 18 carriers.

The frequency of changes in the HLA-DQAZ2 gene was higher among HPV 18 carriers.
Specifically, polymorphic variants such as rs62619945 (C/A), rs199931222 (G/A), and
rs200904145 (A/G) were recorded (Table 6).

Changes in the TAR2 gene were most frequently observed in women with HPV 51.
Polymorphic variants rs241447 (T/C), rs241449 (C/A), and rs241448 (A/G) occurred in nearly 9%
of HPV 51 carriers, while they were present in only 5% of HPV 16 carriers. Sequence variability
in the TAR2 gene was virtually absent in HPV 18 carriers.

Regarding the HLA-C gene, polymorphic variants rs2308585 (G/A, C, T), rs1050326 (C/A,
G, T), rs2308618 (G/A, C), and rs241448 (A/G) were found in HPV 16 carriers. Although only
rs1050326 (C/A, G, T) and rs241448 (A/G) were observed in HPV 18 carriers, their frequency
was higher compared to the same polymorphic variants in HPV 16 carriers. In HPV 51 carriers,
polymorphic variants rs1050326 (C/A, G, T), rs2308618 (G/A, C), and rs241448 (A/G) were
present, with the frequency of rs1050326 (C/A, G, T) significantly higher compared to its
frequency in HPV 16 and 18 carriers.

Table 6 — Frequency of occurrence of genes and polymorphic variants of genes of the HLA system
identified by whole exome sequencing

Gene/polymorphism HPV16 (n=52) HPV18 (n=9) HPV51 (n=12)
HLA-DQB1
rs1063322 7(13,2%) 0 1(8,33%)
rs9273527 5(9,43%) 0 1(8,33%)
rs74188963 1(1,89%) 0 0
rs9273511 0 0 1(8,33%)
rs3213490 2(3,77%) 0 1(8,33%)
HLA-DQA2
rs62619945 10(18,9%) 5(55,6%) 5 (41,7%)
rs2051600 3 (5,66%) 0 1(8,33%)
rs115121776 7 (13,2%) 3() 3 (25%)
rs9276437 5 (9,43%) 0 3 (25%)
rs138296677 7 (13,2%) 0 1(8,33%)
rs199931222 14 (26,4%) 4(44,4%) 3(25,0%)
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rs142901825 8 (15,1%) 0 1(8,33%)
rs1129956 16 (30,2%) 3(33,3%) 4 (33,3%)
rs34730447 1 (1,89%) 0 2 (16,7%)
rs200904145 6 (11,3%) 4(44.4%) 4 (33,3%)
rs201291459 1(1,89%) 0 2 (16,7%)
HLA-C

rs2308585 2 (3,77%) 0 1 (8,33%)
rs1050326 2 (3,77%) 1(10%) 2 (16,7%)
rs2308618 3 (5,66%) 0 0

rs1131104 4 (7,54%) 1(10%) 1 (8,33%)

3.9.2 Comparison of Sequence Variability Frequencies in HLA Genes Among Patients
with Dysplasia Based on the presence of HPV 16

When comparing the frequency of polymorphic variants in the HLA-DQB1 gene through
whole-exome sequencing, an overrepresentation of variants rs1063322 and rs3213490 was
observed among HPV 16 carriers compared to patients with other HPV variants (Table 7).
However, these differences were not statistically significant. Other sequence changes identified in
the gene (rs9273527, rs74188963, rs9273511) were more prevalent in patients with different HPV
variants. The frequency of polymorphic variants in the HLA-DQAZ2 gene among HPV 16 patients

did not significantly differ from the frequency of polymorphic variants in carriers of other HPV

types.

Despite the highest frequency of sequence changes in the HLA-C gene identified through
whole-exome sequencing being attributed to HPV 16, these differences were also not statistically

significant.

Table 7 — Comparison of the frequency of occurrence of sequence variability variants in the genes

of the HLA system in patients with dysplasia depending on the carriage of HPV 16

Gene/polymorphism | HPV 18 carriers Carriers of other HPV variants p
(n=53) (n=200)
HLA-DQB1
rs1063322 7 4 0,10
rs9273527 2 3 0,98
rs74188963 1 1 0,78
rs9273511 0 4 0,09
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rs3213490 2 1 0,35
HLA-DQA2
rs62619945 10 15 0,96
rs2051600 3 2 0,36
rs115121776 7 12 0,73
19276437 5 7 0,93
rs138296677 7 8 0,60
rs199931222 14 14 0,25
rs142901825 8 9 0,55
rs1129956 16 23 0,93
rs34730447 1 3 0,52
rs200904145 6 11 0,64
rs201291459 1 3 0,52
HLA-C
rs2308585 2 1 0,35
rs1050326 2 6 0,36
rs2308618 3 2 0,36
rs1131104 4 4 0,57

3.9.3 Comparison of Sequence Variability Frequencies in HLA Genes Among Patients
with Dysplasia Based on the presence of HPV 18

In the analysis of the frequency of polymorphic variants in the HLA-DQB1 gene through
whole-exome sequencing, it was found that sequence changes such as rs1063322, rs3213490,
rs9273527, rs74188963, and rs9273511, which were present in other HPV carriers, were virtually
absent among HPV 18 carriers (Table 8).

Regarding the HLA-DQAZ2 gene, the frequency of the polymorphic variant rs62619945
was significantly higher among HPV 18 carriers (55.6%) compared to carriers of other HPV
variants (20.5%), with these differences being statistically significant (p=0.01). A similar
statistically significant prevalence was observed for the polymorphic variant rs200904145 among
HPV 18 carriers (44.4%, p=0.008). Other polymorphic variants, such as rs2051600, rs9276437,
rs138296677, rs142901825, rs34730447, and rs201291459, were rarely found among HPV 18
carriers (Table 4).

In examining the frequency of polymorphic variants in the HLA-C gene, it was noted that

sequence changes such as rs1050326 and rs1131104, which were present in other carriers,
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appeared only in isolated cases among HPV 18 carriers. Additionally, polymorphic variants
rs2308585 and rs2308618 were not found in our sample of HPV 18 carriers.
Table 8 — Comparison of the frequency of occurrence of sequence variability variants in the gene

in patients with dysplasia depending on the carriage of HPV 18

Gene/polymorphism | HPV 18 carriers (n=9) | Carriers of other HPV variants p
(n=200)
HLA-DQB1
rs1063322 0 11 0,32
rs9273527 0 5 0,51
rs74188963 0 2 0,78
rs9273511 0 4 0,56
rs3213490 0 3 0,61
HLA-DQAZ2
rs62619945 5 (55,6%) 25 (20,5%) 0,01
rs2051600 0 5 0,51
rs115121776 3 16 0,15
rs9276437 0 12 0,30
rs138296677 0 15 0,24
rs199931222 4 24 0,14
rs142901825 0 17 0,20
rs1129956 3 36 0,99
rs34730447 0 4 0,56
rs200904145 4 (44,4%) 13 (10,7%) 0,008
rs201291459 0 4 0,56
HLA-C
rs2308585 0 3 0,61
rs1050326 1 7 0,59
rs2308618 0 5 0,51
rs1131104 1 7 0,59

3.9.4 Comparison of Sequence Variability Frequencies in HLA Genes Among Patients
with Dysplasia Based on the presence of HPV 51

In the analysis of sequence changes in the HLA-DQB1 gene among HPV 51 carriers, it
was found that polymorphic variants such as rs1063322, rs9273527, rs9273511, and rs3213490,
which were present in other HPV carriers, occurred only in isolated cases in HPV 51 carriers
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(Table 5). The polymorphic variant rs74188963 was virtually absent in our sample of HPV 51
carriers.

When comparing the frequency of polymorphic variants in the HLA-DQAZ2 gene, it was
observed that the frequency of the polymorphic variant rs9276437 was highest among HPV 51
carriers (25%) compared to carriers of other HPV variants (6.6%), with these differences being
statistically significant (p=0.03). A similar statistically significant prevalence was noted for
polymorphic variants rs200904145, rs34730447, and rs201291459 among HPV 51 carriers (Table
5).

In contrast, the frequency of polymorphic variants in the HLA-C gene among HPV 51
patients did not significantly differ from that of carriers of other HPV variants (Table 9).

Table 9 — Comparison of the frequency of occurrence of sequence variability variants in

the gene in patients with dysplasia depending on the carriage of HPV 51

Gene/polymorphism | 51 carriers (n=12) Carriers of other HPV p
variants (n =200)
HLA-DQB1
rs1063322 1 10 0,99
rs9273527 1 4 0,39
rs74188963 0 2 0,65
rs9273511 1 3 0,27
rs3213490 1 2 0,14
HLA-DQAZ2
rs62619945 5 (41,7%) 25 (20.5%) 0,11
rs2051600 4 1 0,39
rs115121776 3 16 0,28
rs9276437 3 (25%) 8 (6,6%) 0,03
rs138296677 1 14 0,72
rs199931222 3 25 0,75
rs142901825 1 16 0,62
rs1129956 4 35 0,78
rs34730447 2 (16,7%) 2 (1,6%) 0,004
rs200904145 4 (30,7%) 13(10,6%) 0,03
rs201291459 2 (16,7%) 2 (1,6%) 0,004
HLA-C
rs2308585 1 2 0,14
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rs1050326 2 6 0,11
rs2308618 0 5 0,47
rs1131104 1 7 0,74

Cpemu 4 rtenoB (HLA-DQB1; HLA-DQA2; TAP 2; HLA-C), 3HaunmMbIX B
nepcuctupoBanuu nHdekuu 3 tunoB (16,18,51) BITY BeicOKOTrO prcKa y Ka3aXxCKUX KCHIIUH C
JTUCIIIA3UEH MEHKU MaTKH, TouMopdu3mel 1562619945, rs200904145, rs347304447, rs9276437,
rs2012911459, rs241447 rena HLA-DQA?2 nipoaeMOHCTpUPOBAIN 3HAYUMOE BIIHSHUE.

3.10 The Algorithm for Managing Patients With Cervical Dysplasia

Risk management for the development of cervical cancer in HPV infection includes a series
of sequential measures supported by objective evidence of their effectiveness for various health
levels: preventive measures, PDT, and invasive interventions.

Within the framework of healthcare management, the following stages are outlined:
screening, preventive rehabilitation, managed oncogenesis, sub-managed oncogenesis, and
unmanaged oncogenesis (Figure 10).

— Screening Stage: The goal is to identify the risk of developing cervical cancer. Starting at age
20, it is recommended to perform PCR testing for 12 high-risk HPV genotypes every four years.
If the result is positive, cytological evaluation should follow.

— Preventive Rehabilitation Stage: This stage focuses on patients without LSIL who have tested
HPV-positive two or more times in the past 24 months. The aim is to prolong the "pre-dysplasia™
period. Key tasks include correcting reversible immune disorders through behavioral and
preventive measures, as well as establishing a healthy cervical microbiota to prevent HPV invasion
into the epithelium. Changes in the cervical epithelium and monitoring of qualitative and
quantitative HPV genotype indicators are conducted every six months.

— Managed Oncogenesis Stage: Attention is directed toward patients with cervical dysplasia and
HPV. The primary objective is to limit HPV invasion into the epithelium. Cervical cytology and
qualitative HPV assessment are performed quarterly. If high-risk genetic markers are present and
there is progression in cytological findings, the possibility of photodynamic therapy (PDT) is
considered.

— Sub-Managed Oncogenesis Stage: Patients with HSIL and HPV face the challenge of slowing
HPV integration into the host DNA. Qualitative HPV assessment is also conducted quarterly. A
comprehensive PDT procedure is performed, with repetition if necessary. If high-risk genetic
markers are identified, oncological surveillance is added three months after PDT, and a decision

regarding surgical treatment is made.
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— Unmanaged Oncogenesis Stage: This stage focuses on patients with HSIL. The goal is to
maintain the immune function of the cervix for as long as possible. The main activities during this
period include oncological surveillance and timely invasive intervention. PDT plays a supportive

role, with the possibility of reapplication if there is improvement in cytological findings or
deterioration in the patient's condition.
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Figure 10 — Algorithm for the management of patients with high-risk HPV types
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CONCLUSION

For the first time in Kazakhstan, photodynamic therapy (PDT) was used with a combination
of local and systemic laser treatment for HPV-associated precancerous diseases of the cervix. A
significant advantage of PDT is the preservation of the anatomical structure of the cervix, as
demonstrated in our study. Moreover, PDT is comparable to accepted invasive and surgical
treatment methods in terms of long-term remission rates, while the consequences of destructive
treatment methods can lead to obstetric complications.

During the implementation of the program, several factors were identified that should be
considered when prescribing PDT for women with cervical lesions due to HPV:

1. The example of a well-organized cohort demonstrated additional opportunities for
effective cervical cancer screening. It became evident that the rise in cervical dysplasia cases is
predominantly due to newly identified cases in women under 35, indicating the need to include
women aged 20 and older in screening. Given the reproductive age, expanding access to non-
invasive treatment methods is becoming increasingly important. The higher effectiveness of HPV
genotype testing compared to cytology suggests its priority as a primary screening test.

2. There is a clear need to adjust the cervical cancer screening strategy in Kazakhstan.
Additionally, changes in the trends of cervical dysplasia associated with HPV may generate new
scientific hypotheses for further research, the results of which could shift the focus of clinical
practice.

3. According to epidemiological observations, married women and those with a history of
abortions were most prone to developing HSIL and LSIL and may be included in the risk group
for cervical dysplasia. Overall, among 150 patients, the most frequently detected HPV genotype
was type 16, followed by types 31, 52, and 58. However, HPV types 52 and 58 were more
commonly found in HSIL cases (p=0.01 and p=0.03, respectively).

4. The evaluation of complete regression of the pathological process 12 months after PDT
showed that the rates of complete recovery in the LSIL and HSIL groups were 96.1% and 92.3%,
respectively. In contrast, our systematic analysis of the effectiveness of PDT in other countries
revealed that the complete recovery rate for the LSIL group ranged from 57.1% to 83.3%. In global
practice, the organic acid 5-aminolevulinic acid (5-ALA) and its derivative, hematoporphyrin-
levulinic acid (HAL), are used as photosensitizers. The advantages of the photosensitizer we used,
Photolon, compared to 5-ALA include a significantly higher quantum efficiency of singlet oxygen
(Photolon —0.7; 5-ALA — approximately 0.2-0.3). The peak absorption band of Photolon is around
662 nm, while for 5-ALA it is 630 nm, which facilitates deeper light penetration. Additionally, the
series of chlorin photosensitizers exhibits greater endothelial tropism compared to its predecessor,

protoporphyrin IX, making chlorin compounds more effective for treating precancerous conditions
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and tumors due to their more pronounced vascular effects. However, it is worth noting that
statistical analysis revealed differences in our treatment outcomes between the LSIL and HSIL
groups, indicating that the presence of more than two diagnosed STIs prior to PDT may be a factor
that reduces treatment efficacy.

5. The study evaluated the impact of the systemic inflammatory response triggered by the
photosensitizer after PDT on HPV-associated cervical dysplasia. Systemic reactions observed five
days post-PDT were linked to elevated levels of traditional inflammatory markers and pro-
inflammatory cytokines, indicating an active immune response against atypical cells. Among the
factors influencing immune regulation, lymphocytes play a key role in resolving persistent
infections. Therefore, the ratio of platelets, neutrophils, and lymphocytes (systemic immune-
inflammation index, SIl) may serve as a reliable and cost-effective biomarker for predicting the
risk of recurrence after PDT, particularly in cases of high-grade cervical lesions.

6. For the first time in the world, we investigated genetic variations in the HLA system in
patients with cervical dysplasia based on the type of HPV. The results of our study may suggest
the involvement of HLA-DQAZ2 gene alleles in the persistence of HPV 18 and HPV 51 and the
immune response to the virus in women of Kazakh ethnicity.

The algorithm we developed for managing patients with high-risk HPV types is a scientific
product for practical use and has significance for shifting the focus of clinical practice. This
algorithm is based on the sequence of biological processes that lead from an unstable immune
response to HPV to irreversible pathological changes in cervical cancer. Such an approach allows
for the management of the duration of the "pre-disease" period.

Implementing this in medical practice can reduce the burden of HPV in the medium term
through early intervention at the level of risk factors. Understanding the causes of abnormal
immune responses based on genetic risk factors may broaden strategies for managing HPV
infections and associated diseases. Additionally, the preliminary patterns we identified could be
valuable in the ongoing search for scientific ideas to enhance the clinical utility of combined
strategies for managing the development of cervical cancer.
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Caymann: AsjccB ADB., PhD, pykopojmiens CIykObl AHATHTHYSCKOH
noazepxka TOO «lenrp uHGOpMammoHHRX TexHouoruli  «avy»» (ne
adduuponanTmiit unen JIKE).

Pe3vIbhTATHI FON0COBANKS (KBOPYM HMeCTCSH):

«an - 10,

«apoTus» - 0,

«po3aepxarcsy - (.

Pemnan:  Yreepaure sagmoumreneHplii  oruer JID  «Paspaborka
HHHOBAUMOEHEIX TEXHONOIMI, LOBBIIARIMX 3OOEKTHUBIOCTL AWAIHOCTHKE H
nevendss  (QOHOBEIX M mpefonyxonesux  3a00iepaHM  MeAKM  MaTku,
ACCOTHMPOBAHHBLLX BUPYCOM [NAITHIIIOMEL HEJIOBSXAY,

Hpeacenarenn Komnecuu AdapaxManor A.C,

Cexperaps Komuccun Kacnesa b.C.

APPENDIX E
Informed consent
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HH®OPMHAPFOBAHHOE COTIACHE HA YYACTHE B HCCIETOBAHHH

CopepmeRHOISTHEE YIaCTHHE

(#HO)

Hecnenogarensesmi  meETp: bomeEmma Memmmemckore DeErTpa  YopamenEs  Jemaws
IIpessnerTa Pecoryimars KazaxcTan

I'mapEEE BocnenoBaTeNE: 0.0 H., podeccop llagasapos Hacpyma AGoywiasseEa

Haspamme wmccmencsamEEs: PaspaboTka HEHOBAIHOHHBIY TEIHOJOTHE, NOBLIIIANIIHI
3¢peRTHEHOCTE THATHOCTHEHE H J6UeHHS (POHOBRIX H HPEeI0ONYIOJIEBHRIX 3aboaesaHmi
MefKH MATKH, ACCONHHPIBAHALI EHPYCOM NaNLI0ME! YeA0BEK:.

HHSOPMAITHA 114 YUACTHHEKA HCCITETOBAHWA

Mu npermamaen Bac & y9acTHEI B HAYIHOM HCCAEJOBAHEH, OPOECIHMOMY B Bomemmme
Mepmmuacrore nerTpa Yopasnesrs Jemans [Tpezmnenra Pecorytmess Kazaxeram r. Acrama
{(manes- boneaEma).

Wik xom, arofs Ba 3gam:

+ YuacTHEe B 3T0M HCCAEI0BAHHH AEIRETCH S00P0E0IBHEDRL.

* BrMomEeTe OTEARTECE OT YIACTHE B HOCOSNOBAHEH HITH BEIETH H3 HETO B MEOG08 BDEME.
B mofoM coygae BaM He OyIeT OTKA3IAHO B TOM, Ha 9T0 BH HMeeTe Opage, He OYIVIH yIaCTHHEOM
HOCIETOBIHHA.

+ Boswomso, Bame yoacTse B Hecleq0BsaHEE He MpEHecET Bau mononBEETesROE O0IE3EL
OpEaso B peIyIETATE ECCIEN0BARES MBI MOESM IOTYIHT: SEAHEY, KOTCPERE B GYIVINEM OpEEeCYT
TONB3Y DPYTEM JTEIAM.

* 'V BEEOTOPEI JOmE MOTYT GEITH IHYHEE, PEIHETHOSHEE EIH APYIHE B3NIEIEL, ECTOPEE
SATPYIHAKT YIacTHe B BEccnenobase. Ecom v Bac ecTe Takse Barmamsl, momaryECcTa, ofcymETe
HX CO CBOHM BPa9oM HIH JpPYTHME COSIHANHCTEME IO TOTO, EAK COTTAcHTRECE Ha YIacTHE.

[TpesEme wen Bel gamsTe cormacEe Ha YIaCTHE B HOCIEIOEIEEH, HE CIEMA, 00CYIHTE BCE C
mothsM paloTHEEOM TaHHOH BoNLHEN BTH co CEBONME NpY3hiME, pONCTECHHHEAME, JeTaTTEHM
BpaToM HIH JPYTHMH CHRTHATHCTAME

OEHpaeMas OpONOIEETEIEEOCTE YIACcTHA B HeclenosaREe — 24 wmecama (04.01.2023-
31.122024r)

[IputmEETemEEee (MIAEHpYEMOS) EQIHYSCTEO HCORETYEMBIX B Hocmemosammm: 1350
OANHEHTOE.

1. HAJBEAHWE HCCIIEJOBAHHA:

#PaspaboTsa HEHHCOBAMHOEHE TeXHOIOTHE, MOERINAKIIHEY 3§ e THEROCTE THATHOCTHER
H neusHES OHOBBX H NpeNONyXONSBRX 3a00IcBAHHE IIeHEH MATEH, ACCONHHPOBAHHEDL
BHPYCOM NAMHUIOMEL SEI0EEEY

1. IEJIb HCCIIE TOBAHWA
PazpaboTsa HEHOBATHOHEOH TEXHONOTHH, DOBRINANMER 3d(eXTHEROCTE ITHATHOCTHEH
H Je¢9eHER GOHOBRX H OpeIolyXoIeBhl IOPaEeHHN MeikE MATEH, accomEHEposanmsr BITD.

3. OIIHCAHWE HCCIIETOBAHHA:

Bau 6yIVT DpoBeIess cIeNYEOIINE METCNE HCCTEI0BAHER.
¥ THCTOJOTHUECKOS HCCHSTOBAHHE KNSTOE NEPEHEANEEOTG KAHANA;

1 Bepens 1
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MHTOIOTHIECKOE HCCIeI0BaRHe;

(oToHEAMEY ecEAT TEpAHT,

nabopaTopHEOE HecleNpBaHHe (KaTecTBEHHEE B KoneascTeenme [P ga BITO);

[P mearsccTHERa DOICBEX HE(QeKIHE (YpealiasaMos, MEEMLTAIMOS, KaETHI03);
ecEHE HMMYHNIOTHISCEEE MeTom Hocnegosamms: CD3, CDd, CDS,

CD19, CD16, CD 56; peTepnefivun 1. mETepneizms 6, farTop HEEposa OIYXoIH; (GymeT

OpOEIECIETECH 3350p EPOEH H3 BeHE JIA OUpeleN=HES 3THX DOKE3aTensi).

v I TEHSTHYECKOTO HCCHENOBAHHE GYIET B3INTA KPOBb H3 IOKTEBOH BEHE B

KOmEIecTEE 2,5 M.

e LA

4. YCIIOBHA OILTATEVBO3MOXKHEIE PACXOJBIL:
3a OpoBefeHEe BCEX IHATHOCTHYSCKHX NPONEIyP BXOIANEX B OPOTPaMMy HCCIeLoBaHHES
Bu onnaussats Be Gyzere. Omrata BaM, Kax yoacTHHEY HCCIeIOBIHHA He OPeIyCMOTPEHA.

5. IIPENCKASYEMBIE PHCKH H HEYIOBCTBA:

[ToTernEamsENE HeyooicIBa H PHCEH, CEASAHHEE C HCCISIOBAHHEM, HE NpeBLITAIOT
HeyoolCTE H PHCECE OPH OpoBefeHHH (oTomEadmaeckod Tepamer ($]T) m seenemmol
tEsHOmOTHTeCKOH J03H doToceRcHOEmEaTopa $oTomow.

VuacTHe B HOCIRNOBAHHE MOEET DOTpefoBaTh GOmee IIHTeIbHOE H MEPHONHIECEOS
OOCEMMEHHE Bpada, 4Wem oOnMEnE npEem KoETponnbme ofcoeqoBaEEE — ODocae
foTomEEaMETecKol TepanHE Gymer nposenemo gepes 1, 3. 6, 12 mec. Bo spems mpopenenns
OpoUenypsl GOTOIHEAMETECECH TEPANHE BOSMOEEH OONeE0H CHHIpOM PAIHYHOH CTEOEHH
BEIPUEEHHOCTH (0T TYBCTEA EOECHHE 0 Pe3kHX GomeH) B 308 00Ny9eHH, GOIEBHE OIIYIIEHRT
B 30He BOSNeHCTBHT MOTYT COXPAHSTBCE OT wacoB O0 1 CYT., peiEc OTMewacTcE
MOBHINEHEE TEMIOEPAaTYPH O0 cyGdefputaemx madp Ha 2 cyTKH ODocle OpONeTypsl, 9T0 MOKeT
OHITH COeNCTEHEM PAIBHTHA ACENTHIECKOTO BOCIATEHHS NOCIe EHYTPHIOIOCTHCTC DPOBETeHHE
$IT.

Bosmommm annepregeckme pearmEn. B rewemme 1-2 mec nocne seegemms $C npe
BO3IeHCTERH COMHETHOTO CEETA BOSMOEHE (OTOTORCHIECKHS pearEy koE®. [IpH moBImesss
TeMIEPATYPH I0 CyOdeipRTbEsx nefp, TPERHTOPHOM NoEMmensHE ATl coemEaTsHOS TeTeHHE
He Tpe0yeTca, NpOIDEAIOTCH MEPCOPEATH B COCTBETCTEHHE ¢ paspafoTamscH mporpasnaci. B

IENoM TacTOTa OCICEHEHEHE He NpeBRmaeT 5%,

6. OFHTAEMAA TTOMTB3A:
Boepssie Gy@yT HIYIEHH TeHSTHISCKHE H HMMYHOIOTHISCKHe OCo0eHHOCTH
BpOEEHHCTO HMMYHHOTO OTESTA H CES3AHHEE ¢ HEMH [OEA3aTelH BHPYCHO-GIKTepEATBHOE

HaIpy=EH H OOeHeHa 3{jerTHEHOCTE BHYTPHEEHHOTO Na3epHOTC OONYUeHHS EPOEH IUIH
OHATHOCTHEH H JIf9eHHY (OHOBHX H OPEIOOYXOISERX DOODASEHEH MNeHEH MaTEH,
SCCONHEPOEIHREIX BHPYCOM OamHmoMel Jencsera (BITT).

[Tpenmonaraesee pesynsTaTsl paboTsl MOryT GBITE B MepCOEKTHES MHPOKD EHEIPEHH B
OPAKTHIECKDE JIPARCOXPAHEHEE.

7. NOTOXEHHE O MPABAX YUACTHHKOR:
VuacTHe B JAHHOM HCCISNOBIHHH SBMEeTCH S0o0poBOIEHEDM. BEl ModeTe oTRa3aTBCHE OT

VIACTHE B HCCIEICBANHE HIH NPEXPETHTL YIacTHE B mofoe Bpeus. B moGou cryaae Baw me Gymer
OTEE3AHO B TOM, Ha 710 Bil HMeeTe Opaso, e GyIyeH VIACTHEEOM HOCTEIOBIHER.

8. KOH®HIEHITHATRHOCTD:
Hedopmames o Bames y9acTHE B HccleNCBIHEH SETSeTcH KoEQEIeHMHATEECH Mbr

2 Bepens 1
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rapaETHEpyeM, 9o Bame mum e GymeT yEa3aHo OpE TYGIHEANEH PeIYIETATOE HCCUETOBAHEY.
Hedjopuarmis, DoTyaeEHAE B Pe3yIbTaTe 3TOMD HCCHSIOBAHHA (MATEPHANR HCCHSIOBAHHEE),
CHHTAETCE KEOH(HIEHIHATBHOH H GYXeT XPaHETHCE B HALTEEAITHE YCAOBELX, IPeTycMOTpPeHHEX
saxoEoM. OfEano, 3TH MaTepEans HeclenosaEns B Bama qeusat MeHIHECKAE DOKYMeHTANES
MOryT GHITH NOCTYNHE! I8 NPOBEPOK COOTEETCTBYHMIEX NONBENOMCTBEHHEDX OPTaHH3ANG, B
PaMEax JeACTEYIOMHEX 3AK0HCE HIH HHCTDYEITHE.

9. KOMIIEHCATTHA/ TEYEHHE :

B coyuae noBpesneHEH, MOMYIEHHEX B pe3yALTaTe Bamero ywacTHA B HocHeOBAHHH,
KPaTEOCPOTHAY TOCTHTATHIANNE H OpoQeccHOHANHHEIE YXOI, €CIH OoTpeGyeTcE, GyayT
npencraenessl Bau B PTTI «bonssmma Memmmpmcroro merrpa Y opastessas Jenavs [IpesnaerTa
PecoyGmers Kazaxcramy, Geconarse. $HEaHCOBAS KOMIOEHCANHA He OperycuoTpena. Ecmm Bu
momaraeTe, 910 DOMYIEIH OCEpeRIeHHEe, CEA3AHHCE ¢ ITHM HCCAeIOBAHNEM KAl YVIacTHHE 3TOT0
HCCIeNOBaHEd, BE J0MDEHE CBEISTECE © JUETOPOM:

Manazapos Hacpymma ASmynmaessd, oo BEoMepy Tenedoma: +7 777 079 1307

10. 3AREPINEHHE ¥YACTHA:

Bu momeTe DpexpaTHTE YYACTHe B HOCHSNOBAHHE B Mo0oe BpeMT O3 EakHx-THG0
OTPHOATEIRERX MocTencTEEE i Bac. OTeas oT yIacTHE He OTPESHTCH HHKOHM o0pasoM Ha
orecmesEss E Bav Bamero epana B MemEmmEciEX pabormmcs H Bau me Oymer ommasano B
MENHIHHCEEX YCOyrax, Ha koTopsle Ba Edeere npasc. B coyuae npeewmes Bawm pemesws
3IBEpIIETE VUaCTHR pPaHENE OpeNoIaraeMoro cpoka Bel OyoeTe DpoHE(OpMHDOBIEEEL O
OOTEHIHANLAKWE OOCHENcTEERX Bamero pemesss: Bam Gymer DpeipameHce DpoBeleHHE
OONONEHTEARHEX JHATHOCTHYECEHX H Iede0HHX DOpOOeTyp, BXOTENEX E DOPOTPaMMY
HCCTENOBIHH.

11. KOHTAKTHBIE THITA:
Ecmm y Bac BOSHEEART DpofaeMbl EIH BOOPOCH, EacaliHeCH JIHEOTC HOCIEIOBIHHL,

Bamerx npas Kak yEaCTHEES ECCIEI0BAHNE HIH EPETA 0T HCCASNOBIHET, 00PaTHTECh K [IAEHOMY
weenenosaremo: [Ilamasaposy Hacpynne ASnyanaessay, oo modepy Tenedoma: +7 777 079 1307

COI'TACHE YUACTHHEA HCCIETOBAHIA
A opogen (Opodna) oMHCANES TAHEOTO HCCHEIOBAHEE.
Mpe 6513 DpeICTARIEEA BOSMOBEOCTE OOCYIETE £T0 H 3AT3Th BOMpPOCEL
HacTosmen 1 BRpakar cEOe COTTACHe Ha YIacTHE B JAHHOM HOCIeI0BAHHE.
$HO ywacTEEEa

INoomscy yeacTEEEa
Jara

$H0 geenenoBaTanR
INonmeEch BCcIeI0BATENT

Jara
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APPENDIX F

Calendar plan

Lpanoxensye 1.
K HACTOALUEMY TOTOROPY

Ne 38 REP-23 Y or 4 K w Lrebrpct 2023 rona

KAJIEHTAPHBI IUIAH

1. PecnyGankanckoe rocymaperoennoe npeanpustie «BorsHuua Memmunicxoro
uewrpa  Yopasnenusn leaasn  Tpewpenra  Pecnyfauwn  Kazaxcrane  HA - npane
XOIHCTECHHOO BeIeHHS

1.1 Mo nproparery: Hayka o amxauy x sgoponse
12 [lo noamprapitery: MRHOBAMMOANEE HECACTOBAHMA I MEINIINHE H OTLLECTACAHOM
IMPABOOX PUHEHELE
1.3 Mo reme nporpamss: HPH BR18574160 «PaipafioTka HHHOBRUKODREX TexHONOrM,
NOBEIMAXNIX SRHHEKTHRROCTE AHATIOCTAXH H JECend POROBBIN i NPLICIYKONCARIX 300/ eBa N
LCHRH 3ATKY, ACCOMHHPOEARARIX BHPYCOM MANALTOME] HEI0BERN.
1.4 O50an cyMasi nporpustyel 400 128 544,00 (4ernipecTa MHLINOHO ¢TO IRSTUATE BOTEME
TEICKT MATECOT COROK YETHIPE) Tetre (0 THLD?, b TOM MHCTE ¢ peOuBKOH 110 NOREM, 7R BLILOIHCHHA
pabor coraucHo myBExTY 3:
= uia 2023 1oy - p oymdze 223 134 884,00 (upecrit A a1k TTE MAMTHONOR CTO TPHIUGTE
YETHPE TRICHY BOCEMBEOT IMSENBASCAT SeTpe) Tenre (0 thsiE:
- Ba 2024 rox - B eymse 174 993 660,00 (cTo COMBIBUAT HETLIPE MULIIORA HENSTLCNT
ACBAROCTO TPH TEXAYA WOCCTECO0T mocnnecsr) Texre 00 THne,

2. XapawTepHCTHRA HAYYHO-TEXHNMCCKOI DPOAYKUHM (0 KBATHOIKANHOHHLIN
NPH3IHAKAM H 3KOHOMHYCCKAC DOKA TN

2.1 Hanpaenexme pabore): Hayke o sy # jucposhe, HHOORIIACRATS ACCICANBARNA 8
MCIHIMHE # 00WECTIEHIUON JAPALOOXPRICHHI,

2.2 053¢ OPAMSHSKHA: MEMININAA X 3MPABODXPEHEHNE.

2.3 Konesresfi peayTeTar:

- 32 2023 rog. Byaer cYOPMHPOLAN NEePpeUeHn JK3OMOB JUIN TAPrenTAOTO CRKRCHHPORIANS,
sareM oCyWecTien HaBup yUACTHANOE WCCACHIDBAHIMA ATE PEATHsANAn  QOTOAHHEMHICCRON
repanyy {yaee = OIT) y 130 yHacTHOXOB HCCICAOBABHA © YILTOM QEHOTHNHIOCKHX KANHELX.
Byaer copMpeposada Osza pamesn pa 200 yY0CTOMKOB HCCACROBOEHZ, OTODpANAROmMAA
KIHHHYCCXRC DOOSGBKOC'HI. bl (i EII.OMUPRCPOD, IeneTHysCiine 0:06@1][[00'1’“. TCXHHHECCKIOT
XAPSKTePHECTAKE BRITONHSHHMX METOA0R komitexcholl Texaozoran, Byayr onyGmmxoeasst 3
CTATLH DL 0O30PA B HAMLINAX, peroMesosarmnzux KoymreroM nie ofecneneniio kavecria u ediepe
oBpazosskua ® HeykH MRAMACTEPETRA HAayKA W RRcnero ofpazoranus Pecnyfimicn Kataxerax
(zanee- KOKCOTM) i 2 inxmana 12 MCEAYHAPOTHEIX REYHEIX HOpyMaX.

- an 2024 ron, ByacT ohOPMHPOBIH BN PCEOTHIHYECKHX M TCHOTHIAWSCKHX JdIIHLIX,
DNpOBELEHA CTATACTIYICCKAR ODPadOTKY AukubX. ByJsT NpoBcacHn METCPITPCTANER Peay/lIaIon
HAYWIOTD HCCMENMCRANTE C QUPMHPOBANNEM Edy4uoro upoayxra, Dyiyr paspafotannl moswie
HOIXOAE JAATHOCTHRH W Aeseiid (OHCOBIX K IPeiouyXoilenuy jaboneaannd melixs Maixy,
AccouAHpoRANARX ¢ B o posMOXHOCTH LEPCOHANAINPOBUMCTO NOANORA ANK NpodiIosraky
PIIIM, acconwmporawroro ¢ BITY. Byayr onyGoskosaset 3 craten @ (#14) oGsopm B
PEOCAIHPYCMEIN HRYHHEX HINAUMAX 1O HAYYHOMY HANPUSICHHK) TROTPANIMEL, BXOLMiyx B ]
(repsrd), 2 (aropoi), ¥ (W) 3 (1pernii) Xeaprane 1m0 uuakT-GarTopy b Gaze wanunx Web of
Science B (#aw) mmesomix mpowenTiis no CileScore B Gaze Scopus e nenee 50 (narugees),
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Monorpadi, GIeT Luayyen naredl B2 BIOOPCTCHNE KAIXCTRUCKOIO NETCHTHOrO DIOpe W aKT
focapenns, Hamannl MeJoJduecKde PEKOMEHAUHE €  HCHOMBIORANACH IAEUOUENHA 1o
HEILRWCHMOE Hay THO-MeTRINACKOH ONENKe KITNHMHNOCKOro LPUTOX0NE,

2.4 MinerrocnocofirocTs: TIATCHT 1A M3OANETEHAE KESAXCIUICKOL0 NATEHTHOTO (opo.

2.5 Hoywso-rexsnaccknidl ypoRcRE (HoBR3Ha): BYJICT mpoecpeii IHN0TCIa © BOIAOKIOM
KYMYTATERROM 3dipercTe 3 cocTaanmonmx masepaodi rexnonorux ¢ GomoccrerGunsaimedt (GAT):
duiyopecuenTaz AnarAacTHka ¢ nprmenes e GC, olerxa iaaropaay GC apn noxannoi T
¥ CORITOK. Hontee uigyise Suiuse, IOMYHCHIME 1 X0 TPOBCEXIT THOOTEIN HCSISI0BIIL:
JEHE THYCCKHE i HMMYEONOAMCCEHT ocoficHROCTH RPOAICHHDID HMMYHHOTO OTBSTA B CHAZAHHBIC
C HAMH MORAIATENH DAPYCOO-CARTEPRANLNON (ArPyIXH, KNAXOCTHOR LUHMIOJOTHIT I HMMYHO-
LHTOXMMKSeCKet DUCEXH coTepwanns pléinkda GyAyr HAUPANIEHN], HCXCI M3 BOSMORACH
TETCPOreNnocTH 3a50M203ML, Bd POPMUPOIATAE T2PCOHATHIUPCBURHOIY, C YICTOM IICTHIR,
noaxong 3 sexfope OAT.

2.6 Henosmsopasmye Nay $u0-TexX i ecxoi U0yt SCyles TR Tes! MAHEHT AeULROTo
nona KaIEXCKon 3THoca ctapoe |8 ner.

2.7 Bug ¥CIONLIOBIERS PEIVIETATA HAYHHCH 1 (HIH) AEYYHO-TCXUHSECKOH JeRTCMEHOUTH
[paxiaiuos.

3. Haumenosanne pador, CPokn NX PEATHIATHI I PLIYILTATH

[idp |Hexweroenspe pabor 1o | Cpox nemozacxnz® Ohxmjraestiaii pesyiahrar®

EEREUTY ,"[mmmpyun;cnnanuz FTANRIETO | oo e

#l, 3TaNs [ RNMOTECEDE i

2123 ron

1. Omerxa  sdeKrisioce K HABEph MEPT Obiop  MERTYHUPOANEIX

‘ Or30macHOTTYE IPAMCERCMETX DPOPRILILK KCCHSI0DREE
METOLOD  JETRANA  (CHOBMX X ATH OOEOKA EPTFMENTCn &
TPEACTYXONCBEX  uoucuanmil NomE3Y  RAYSHON  OCHORES
MEHKH MOITKH, #CCCLHAPORANHEX HCCIEN03NHNSE i
¢ BIIY, QOpMHpOBAHKA  epEMER

|OKHOMOS WD TEPIHILONG |
‘ CCXBCHADOBANHA, |

.1 Qcaop MY HRECAHED | THBAPS MApT llepeyeds aDTYMCATOB 3AX
NpOGATEAEIX  HCCICADEIHIA, AN | nayTmoly ocuonu |
CpaRHNTETBREH vy ¢ BT, lpmpufmrunauxoﬁ 1
:fm?oa 63:?;:3:: :mxo:lomx, COMIAGHO e |
pexton QT | B IQTIMAN ECCIEN0BREHA,

1.2, DapuupoBanHe NEECTAR IXIOMOE | AHRANE MapT llepecan  3k3oMor  jLu
LA TAPIETHOTD COXBRAIPOBAHILA. TAPTCTHOTO

CUKRUHNOBANNA.

2. Puspudunsa [mavaps | Tlo || Peacisaumy  sumiLisgcson
YCODEPUICIICTBORINIOND, AonGpa rexnoaown AT » 200
sofekTANHOTC | Ge30NacHONe VNIECTRIKOR HCCSOBAINS ¢
METOMTR  JeWCHWA  oHORRX  ® *

LPCIONYX0ICHETS  3aboserannii
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WEAXH MATKN, SCCONHHPOBAINILIX lyueroM  iCHOTHUAYECKIX

¢ BITY, ¢ npuaenennen Jasepisx JIAMHEI,

TEXBEOTOrHI ¢

dorocencndrnansei (OIT] dopvppodmme  CBOINCE
Gaser  mameoax ¥ 2000

VAECTHHXON MCCICTOBRILHA,

b

2.1 Brmomienne ®IT ywacTamkam |svpeps  Jlo [ |Peamnamuz ®AT v 150
HOCMCI0BARHA. roabpx YUACTHHKOD HCCTI0BILLAA,

2.2. QopMBPORAHHE G23KT TARHEX © | RUVEPE Lo 1 | Basa JHHASIX 0|
seutoanensoi QAT HOAGPH sumoaneniofl QUL na lSUi

YHACTHIEKOB HUCHE/(ORANNA. |

3, Pazpudorra METO;1a | AHBapE Jln 1 |Pewnannz aemaz ¥y 150
(MIYOPRCIERTING JTHATAOCTHEH © HOAGPA YIACTHHKOR HECMCAOBMIAS C
nprscAcRreM O npit JoHoBRIN yuetoM  (eUOTHIIICIKIX
1 IPEAONYXORALX 001NN X

| JNEAXH MATKH, ACCOIHAPORAHARIN o
BITY. | DopMHPOLILING Gt
|pamuplx ¥ 150 ydavimekos
HCCC/OBAHHER,

31. | Betuojense Merofa yuacTenxes: |mwapy | Ao | Peamaums weToms y 130
HOCTEAC AN NN, NOCACAYIOMSS Hoa0ps YIACTHHRNR HCCILAOUAOHS.
uatmaosemie 3. 6, 9, 12 Meczoes.

32 Qopupponanye Ga3n JANHEIX O HALAPE Ho 1| basza FEE GRS 0
BLUIOTIT2HAGM MCTONE, yoadpa BLOMANCHAON  METOAe ¥

YYACTAHROB HUCIRUONARHA. |

4., PaspaoTka  MeTOgd  OULCOXH | ARBAPE o 1| Peanysaps metoga ¥ 150
| ULEITOPRHHRY oC nps HOSOPR | yUACTAHKOB HCCHRIORARHT C
npoacaeH noxaneRof OIT. yaeron  (EAOTANINECKHX

MAFWETX.

DopuHPOEAHNS Hasur |

narREX ¥ 150 yRACTHAKOB
- . HCCTUOBALMA,

4.1. B0 THEHTE METOMA YOACTHIXEN | AIBART Mo 1| Banomrcnne Metoan y 150
MCCHIGI0RBARHA,  LOCTCM0uLe woabpz VIACTHHROB HECIEIOBLNMY ‘
nuuonexnc 3, 6, 9, 12 Mecgucs. |

4.2, DopanrposaiHe Dmskl JAHEX 0 AKBIPL o 1| buwsa JIAHECRTX o
ARIMOILEEANOM MCTOIE. Hoxdpz BRILGIDENION MeToae y 150

VHACTHHKOD HEC/IEIDBANAN.

b PaspaiioTka o BHCPUHHE | HULAPD Ho 1| [pusenceue  xomnackerodt
OUTHMATRHOI NpOrpamMMLL HoAGpz pporpanysr ®IT ¥ 150
pposencyns QAT e nomwoid | YUACTRAXOR FICCNCAODRMILA.
apamexauxe BITY,

QopMupondiige  HIYTHOrO
NPCYETS NCCI@TOBAHTIS.

5.1, PexpyTnar M WACHTIUpLKRUMY [ AMAAPE lo 1 | Bemovcane B HCCICI0DAITHE

YUICTHHKOB HUC!1EJIORARII. Hoabpa YYACTHAKOB,
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52 Mpomeaenue TCPOCTHOIO | HHBAPL o 1| baza HAUIELL ob
K30MU0r0 cerpennpasarna JEK HORGPR [ Wecnedyemon
YHECTHHKOD HTCACIODARIA. reacTHaeckoM craryee 200

= VUACTHHKOD HCCMCI0REHIA

33 Izonenenne OLSHKI | ALLAPL o I [Basa TAMNIIX o
UMMYHOTOTHIECKOM  CTATYSA ROAGPR HBMVILOTOTHICCKOM '
YURCTHHEOR HOCHCIOBAERS. craryce 200  yYRCTRHKOB |

HCCIENINRAHAL.

Bymer UPHIUA !
coyOnrkorana | cTaTed Aam
ofzop y HY1AKENH,
FEROMEHOBAHHOM
KOKCOH.

2 DOKIIALA HA
MOEAYHIPOANIIN  HAYARIX
GUpYMax.

54, [Tposeasune ONEHEHA | FRZAPT 7o 1| Basa TAWARIX o
KIAMHBIECROrG cTaTyca uoadps KIHARTCCKOM CTHIYCe
VHACTHHKOR HCCTCI0RAIMNA, VHRCTHHEOS HCCIETORARNI.

5.5. | [IpoBcacee HCCHEONEAN | 410sApL o 1| Omer.
DACHUPUCIPEHEHHOUTH  PUIBHTIA HeADPA
DOHORLIX M IIPEONYXOTeNEX byaer TEHOsTa !
saSomcEarmd  mrefiar  MaTRa, anySanxorana | cTaTen xox
SCCOLMHPOLALNL ¢ B1IY, obaep B [ERHTILIEN !

PEEOMENIUBAHAUM
KOKCOIT,

5.6. Dopsmuposanre 0235 QAHHBIX 10 | HHBADL Ho 1|basa gans=x wa 200

VYRCTHHKIM HEGHEAMINHIA. HOROPH YYUUCTHHROR HOGISAOBAHNA,
OToSpaKAoAYL
RuAuAveckue ecoliennoct,
nagene Guomaprepols,
reEETHYEcENe acoficAROCTH,
TENLUIYECIELE
XAPAXTSEHCTHRH
EBITONHCHELIX NETOLCE
KOMITICKIHON  TCXHONOL MM,
Byaer npsAaTa !
omySimxonaun 1 €T076A KK
ofizop B WIALEMH, |
PCEOMCHCIANIOM
KOKCOH, '

5.7, Oficemeicare  OCBEICMICHAOCTH | AHEADR Jo | | Bed-caiir c KPaTROi
goTeneHnA 0 (BaxTopaX PpHCEA HOAD unpopmargacit )
PASBNTHE W METOJIEAX  NCHCHNS FERTAIATHN Y YHO-
GOHOBHX H  NPCIONYNOACEEX TEXHIMICCKOH UPOLPUsiMLL
Jabonesaumii WeEKN  MATRR,

ECCOLAMDC BAHHEDX BIIU,

79




10
TIPOBOIHMOM HICICIOBAHHH H er0
PRIVILTATAX.
2024 roa
2. | Paspabiorrn Taweops | o 1 Haxosamonyas
| YOUBEPIICHCTBOBHKHOIG, Hoxlps yomunercuag sdiperTrBHad
?zstlnbcxmmoro # 0e300aCOro TeXNOTOCNE MHAPHOCTHKA H
BRTOAN  leuILE @Puum " sevcrms  (OMOBSX ¥
NPEIONYXOACBLK  nGonennmi %
| LWETAXS MITKY, DCCOLUMPOIGANITIY A e
| ¢ BIIY, ¢ nprserensen Nasepinn safonerankdi WeARH MTXH,
| Texnonorni ¢ accammpoyaiarx ¢ BIIY.
dorecencrbmaruned (OT).
JuKMOTeEMe 0 THOOTEIS
HCCNCIOBAINR, HATOMENHCE
B RABICNABIC  JLY'THEIX
| DpOAYXTaN. |

2.1; Qopumrpeaznme §a351 TAHKEDX B 3, | SUVEph HIONL bazi JAHFEX 00 YYACTHHELX |

16, 9, 12 Meoanee KabnmzeHus 18 HCCICCBANEA.
VIECTEHRAME HUQIR UCYHIIHA,

2.2, Anamn PEINILTAIOR | HIOTE oeralps | ANAMITARECKAS COaBXA L0
HOMONMBIOBWEKY  TEXACTOTHR B PESYNLTATAM
BCCOUHALME €  KNHHMSCCKHMAH, HCOO/ILI0BAMNE TCREOIOTAA
HMMY HOIOTFHCCEIMED ] B ACCOTHALKY c
PEHETHTI2CIINK NAHEHLIMY, KIRAHICCKIME,

MM YEOIOTIHCCIHMH n
TeACTHEICKHME NANTITV.

23 DOpMIPOBIHKE  3AINOIERAL 110 | HENIL oxTAfps | UOOCHORIHHEIC BLIBOUW W
OTTHMANBHOE MPOTTEMME PCROMEHAANMH OC HONOMY
BEUTOCILCLIY peapaboTauuoR OOEXOZy K JRUCHNO
TEXUONGIIA JUTA EILBOI 1'PYIINEL thOROBLLY o
NATHEATOK POPMAPCBLEMHE NECDIYXONEBEIN
zaxmoysiey 10 rexaonorny OT 2300 NCEANHH 1IEAKH METRE,
214 nenesoll [pYos DANHSATOX. AccONKApORANARTX ¢ BITH.

3 Pazpaforra METORA | AHBUPS Jo TOPHHpUBIHHE Gaer
QIYOPCCICETIUE JNATHOCTHRY. ¢ HOATPH farEEs 200 ywacTuieon
npancacnuen ®C mpa poneniix HCGNCI0BAHAL.
¥ IPEAIYXOMSREX 3U0CISIARAAX
e MATEH, 3CCOLUAPORIREZEIX Sauudenme no

| BIT. Khper i ee T
HEHDIERYEMATD MCTOOE
CATIOTCSS HCOIEN0BIHHEA,
il DopMuporanHe Ga3E NaHHEIX. KUBADD Heonn Gasit pasnee off yIacTHBRKAX
HECTIRIORIRTA.

3.2 Aams PRIYTETATOB [ ML Orradpe | ukmovernie nao
MCTOTEIOBUHME  TEXBOTOTOH B JfihexTABHOCTA
ACCOLMALIY G HETIESYENOT0 METOLI

| mosyuonorneeknLR i IRIOTeIE HCCNCIOBAHMA.
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f PEHETUECCRHMA AR HHBINIT.

33 DopMUPORANAE SWUDOYEHNE 110 | 0L ORTADPE OBOCHOBAKARIE BRIBOAE K
METOXY INa  USNCEOR  IpyInm PEROMCHIAIMH D0 MCTONY.
UHLHCETOR.

A, Puspafiotka  Merogsa  ouensn [wnsapn  |Jo 1 dopwApoRanue Bask
KDBIFOPAHHAY @C npn HoA0pH mpaekex 200 YIRCTHHKOB
| nposejeuny  norwishoit QAT JCCTICAOBAHIA,

Jasket  MeTof,  Bxo WMt R
OUIOBEYI0 TCXHOMOTHEY, OyIeT FarovelHe o
ofenen ¢ CTOMKM  3peOis apderTnaHouTH
:‘?’ﬁ q," 'x“mmmm;.l "a“’“;';‘:: HCmOaBlyeMoro MeToaa
<opMUpOEALLL oBocHonaIIe DROTESS BCGRANORARIY
EEBOOLI 11 PCXOMCHIAUHE.
l 4.1, DopMupoBiiEe DRIL ARHDBIX, HUBRPH AXTE PekpyTarr u
WICHTHHKRLUN 200
VIACTHHKOD HCCTSOBAHNE,
| noweAyIaMmee HABIRJEHHE
3a 200 yusCTHHKAMKA
TCCICTOBINNE,

4.2, Axanus PLIVIBTUTOD | HIONL Jo 1 | Baxnsouenue 1o
HCUOILIOBAIHAS  TEXHONOMHN B HeAOpR abdexTnsiocTH
ACCOUMARNTHY c ACTIONE3YCMOr0 MCTOAR

| TMMYHOMOTIICCKITNK u TATIOTC3C HCCACIOBAHHA.
1 TCHETHYECKHMH DI,
i |4.3. DQOPMHPOLALRE JALTOTEARN (10 | HFOTh OXTADPE OGOCHOBAHEEN BRIBOAL M
METONY UTA  NCACBOL  [PYNOIh PERCHMEIIEUAM 110 METTILY.
TDAUHCHTOK, ;
| 5. PaspadoTin » DUEIpEHKe | AFREPE Ho 1|3akmoserme mo  runoTese
; ONTHMATEROMN MpOTPaMMEL | HOROPR HOCIC OB
: nposencEra OAT ana nomuoi QopMuporauKe  HAYYHOTO
| | apuamiues BITY, TPOSIVETE 1o
§ ‘ pazputoTankof
l XOMUDIERCH0H TEXHOMOITH.
‘ 5.1, Cran, CHCTCMATRIANHA o | aHBape HEOTE Croft denomunudersnx ¥ |
5 u3)'-:'cxuc CcoDpuHHEIX u FEHOTHOKIOOKAY  JLAILHEIN,
_ g A LR, CTATHCIHYECRLA  OBpatoTXA
(POPMHPOLILNE (AYHIOR OCHOBLI s
JUIR HHTCPIPETAIONH PC3YITRTATOR e :
HCCCNRINTIR,
5.2 Hixrepnperanaa PEYALTATOR | ATDAPE Jo I |Hoerie HOAXUAEL
| HCCNEN0RAMAA ¢ JOPMHDODRIHEN uoaGpR JHATHOCTMIH 1 Nedenus
REYZHOMO OPOAYETA. GORORKTY b3
TMPEAOTYXOTeHEIX
e ——————————————
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| 2afioneBaHHA Wy MATRY,
avcouripoRaramx ¢ BIIY,
BoaMomHocTH
MCPCORKTNIKPORIAAOTO
10AXOLA ST PO HITETHRR
PIIM, accoustHpORERHOro ¢
BLIY,
3 craten ¥ () ofM0LT B
PCUOCHIMPYEMEIN  HAYYEBIN
HIJAHAAX [0 JAYTHEOMY
HANPAWICIHIO TIPOIPUMMLI,
pxosmuax B 1 (nepuiit), 2
{BTapoit), ¥ (wnd) 3 (Tpenii)
XDAPTEIB N0 HMTAXT-
duxropy 3 Oume  Aaunex
Wab of Science B (i)
MMCHONHX TPCUCHTANL U0
CiteScore s Gajse Scopus He
metree 5O (naTHICUATH),
Moznorpalbmx

5.3. Breaperie KOMONCKCHOI | AR3UPE o I [MTarcAr B2 x3o€pereume
TEXUQIMOIHE W JHAIOCTHKA B HoxOpa KAMAXCITAACKON: NETCHTEOIO
NCHCARS horoBERX b Sicpo.
npeTomyxonceeX  2afoncenHni
LWEHKH MATHH, SUCOLHHPOIALLILIX AKT BHCIPCHHA.
¢ BITY  segenns MCEMAH o
3ab0NICRAARAMA  IOCHKH  MATKH,
acconuyposunwedy ¢ BITY, ¢
HEHWILIDEAEHCM
TICPCOHATHINPOBAHHOID LOAXOUA,

5.4. BrHeccHIIE  OpralomeHui 00| AHHEPE Jo 1| Meroanveckne
EpESMOTPY KIMHRACCKIEX HeaGpa PEROMCHIAIH ¢
UPYIOKONOB  JIHArHOCTRKH I HCNOMIIO I HENM
RN SAKMOMCHEA no

NERBUCHNOEE HaYHHD-
METHUnHCKOR QrenKe
KIKHMYSCKOTO TTPOTOKOIL

5.5, Ofecnedenie 0CBSIOMICHHOCTH | AKBADE o 1|BeG-cafir ¢ pwicoit
HACCTCAHA o (laKTopax pHexn HoR0pA uRGopMarmed.

PUSBHTHE B METOMEX JCUCHHH
POROBEIX M NPE/IONYXOTIENRIX
sabonesanail  meAxHw  MaTRm,
2CCONHHPORAAHEIX BIIY,
l NPOBOIAHMOM HCCICTOBAHKH M CTO
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PesylibTaTan.

TToareTosKE #roroBero oTICTa No
HAYMHO-TEXOKYecKol nporpesMMe,

—

cenTRbps | o Oruer,

npmmﬂ.m
Hozbpa HUTHTS.

Or Jarajumka; Ot Henonwmirrens:
FuseecTHTER TPSCC/ATENS

Axpexiop
I'Y «Komurer navka A

Muimcreperna Azyrr W A MOIHUMHCKONO  MCHITE

Ipeasueira PeemyGisxn

155 GPIGHBE B Anbaen PK.

" <5 Llaneaapon TLA.
~ & (BanECk)

Yo,
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1. Republican state enterprise “Medical Center Hospital of the President’s Affairs
Administration of the Republic of Kazakhstan” with the right of economic management

1.1 Priority: The program's top priority is "Science of Life and Health."

1.2 Sub-priority: The secondary priority is "Innovative Research in Medicine and Public
Health."

1.3 Program Theme: The program's theme is identified as "IRN BR18574160 - The
development of innovative technologies increasing diagnosis and treatment effectiveness of the
cervix background and precancerous diseases associated with HPV™.

1.4 Total Program Budget: The overall budget for this program is 400,128,544.00 (four
hundred million, one hundred twenty-eight thousand, five hundred forty-four) Kazakhstani tenge,
with a breakdown by year:

- For the year 2023: 225,134,884.00 (two hundred twenty-five million, one hundred thirty-
four thousand, eight hundred eighty-four) Kazakhstani tenge.

- For the year 2024: 174,993,660.00 (one hundred seventy-four million, nine hundred
ninety-three thousand, six hundred sixty) Kazakhstani tenge.

2. Characteristics of scientific and technical products according to qualification
criteria and economic indicators

2.1 Work Direction: Life and Health Sciences. Innovative research in medicine and public
health.

2.2 Application Area: Medicine and healthcare.

2.3 Final Outcome:

- In 2023, a list of exomes for targeted sequencing will be established, followed by the
recruitment of research participants for the implementation of photodynamic therapy (hereinafter
referred to as PDT) in 150 research participants, taking into account phenotypic data. A database
will be created for 200 research participants, reflecting clinical characteristics, a panel of
biomarkers, genetic features, and technical specifications of the methods used in the
comprehensive technology. Three articles or reviews will be published in publications
recommended by the list of journals recommended by the committee for quality assurance of
education and science of the MES of the Republic of Kazakhstan (hereinafter referred to as
COCSON) and two presentations at international scientific forums.

- In 2024, a compilation of phenotypic and genotypic data will be generated, and statistical
data processing will be conducted. The results of the scientific research will be interpreted to create
a scientific product. New approaches to the diagnosis and treatment of cervical background and
precancerous diseases associated with HPV will be developed, along with the potential for a
personalized approach to prevent cervical cancer associated with HPV. Three articles and/or
reviews will be published in peer-reviewed scientific publications in the field of the program's
scientific direction, which fall within the 1st, 2nd, and/or 3rd quartile based on impact factor in the
Web of Science database and/or have a CiteScore percentile in Scopus of no less than 50 (fifty). A
monograph will be published, a patent will be obtained from the Kazakhstan Patent Office, and an
implementation report will be issued. Methodological recommendations will be published using
the conclusion of an independent scientific and medical assessment of the clinical protocol.

2.4 Patentability: Patent from the Kazakhstan Patent Office.

2.5 Scientific and Technical Level (Novelty): The hypothesis regarding the possible
cumulative effect of three components of laser technology with photosensitization (PDT) will be
tested: fluorescent diagnostics using PS, evaluation of PS "burnout" during local PDT, and
SFVLOK. New scientific data obtained during the testing of the research hypothesis will focus on
genetic and immunological features of the innate immune response and related indicators of viral-
bacterial load, liquid cytology, and immunocytochemical assessment of p16ink4a content. These
data will be used, considering the potential disease heterogeneity, to develop a personalized
approach for selecting PDT based on endotype.
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2.6 Utilization of scientific and technical products is carried out by female patients of
Kazakh ethnicity aged 18 and older.
2.7 Type of use of the results of scientific and/or scientific-technical activities: Applied.

3. Name of work, timing of their implementation and results

background and precancerous
diseases of the cervix associated
with HPV.

Code |Name of work under the Contract | Deadline* Expected results*

of gnd the main stages of its - fimish

task, |implementation*

stage

2023

1. Assessment of the effectiveness | January March A review of international
and safety of the applied methods specialized studies to
of treatment of precancerous evaluate the arguments in
diseases of the cervix associated favor of the scientific
with HPV. basis of the study and the

creation of a list of
exomes for targeted
sequencing.

1.1. |Review of international | January March A list of arguments for
specialized studies, their the scientific basis of the
comparative analysis with PDT, technology being
detailed consideration of the developed, according to
mechanisms of biological effects the purpose and
of PDT. objectives of the

research.

1.2. |Formation of a list of exomes for | January March List of exomes for
targeted sequencing. targeted sequencing.

2. Development of an improved, |January Until Implementation of
effective and safe method for the November 1 | complex PDT
treatment of background and technology in 200 study
precancerous diseases of the participants, taking into
cervix associated with HPV using account phenotypic data.
laser technologies with Formation of a
photosensitivity (PDT). consolidated database for

200 study participants.

2.1. |Performing PDT on study |January Until Implementation of PDT
participants. November 1 | in 150 study participants.

2.2. |Formation of a database of|January Until Database of PDT
performed PDT. November 1 | performed for 150 study

participants.

3. Development of a fluorescent | January Until Implementation of the
diagnostic method using PDT for November I |method in 150 study

participants, taking into
account phenotypic data
Formation of a database
for 150 study
participants.
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3.1. |Implementation of the method for | January Until Implementation of the
study participants, follow-up for November 1 | method among 150 study
3, 6,9, 12 months. participants.

3.2. | Formation of a database about the | January Until Database on the method
performed method. November 1 |performed by study

participants.

4. Development of a method for|January Until Implementation of the
assessing the “burnout” of the FS November I |method in 150 study
during local PDT. participants, taking into

account phenotypic data.

4.1. |Implementation of the method for | January Until Formation of a database
study participants, follow-up for November 1 | for 150 study
3, 6,9, 12 months. participants.

4.2. |Formation of a database about the | January Until Database on the method
performed method. November 1 | performed on 150 study

participants.

5. Development and implementation | January Until Conducting a
of an optimal PDT program for November 1 | comprehensive PDT
complete eradication of HPV. program for 150 study

participants.

5.1. | Recruitment and identification of | January Until Formation of a scientific
study participants. November 1 | research product.

5.2. |Conducting terget exome DNA |January Until Database on the studied
sequencing of study participants. November 1 | genetic status of 200

study participants.

5.3. |Assessing the immunological|January Until Database on the
status of study participants. November 1 | immunological status of

200 study participants.

1 article or review will be
accepted/published in a
publication
recommended by
COCSON.

2 reports at international
scientific forums.

5.4. |Assessing the clinical status of|January Until Database on the clinical
study participants. November 1 | status of study

participants.

5.5. |Conducting a study of the|January Until Report.
prevalence of the development of November 1 |1 article or review will be
background and  pre-tumor accepted/published in a
diseases of the cervix associated publication
with HPV. recommended by

COCSON.

5.6. |Formation of a database of study | January Until Database for 200 study

participants. November 1 | participants, displaying

clinical features, a panel
of biomarkers, genetic

features, technical
characteristics of the
complex technology
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methods performed. 1
article or review will be
accepted/published in a

publication
recommended by
COCSON.

5.7. | Ensuring public awareness of risk | January Until Website ~ with  brief
factors for the development and November 1 |information about the
methods  of  treatment  of implementation of the
background and precancerous scientific and technical
diseases of the cervix associated program.
with HPV, the ongoing research
and its results.

2024

2. Development of an improved, | January Until Innovative
effective and safe method for the November 1 | comprehensive effective
treatment of background and technology  for  the
precancerous diseases of the diagnosis and treatment
cervix associated with HPV using of  background and
laser technologies with precancerous diseases of
photosensitivity (PDT). the cervix associated

with HPV.

Conclusion  on  the
research hypothesis set
out in the claimed
scientific products.

2.1. |Formation of a database at 3, 6, 9, | January July Database  of  study
12 months of observation of study participants.
participants.

2.2. |Analysis of the results of using|July October Analytical report on the
technology in association with results of using
clinical, immunological and technology in association
genetic data. with clinical,

immunological and
genetic data.

2.3. |Formation of a conclusion on the | July October Substantiated
optimal program for conclusions and
implementing the developed recommendations for a
technology for the target group of new approach to the
patients  Formation of a treatment of background
conclusion on PDT technology for and precancerous
the target group of patients. cervical diseases

associated with HPV.

3. Development of a fluorescent | January Until Formation of a database
diagnostic method using PS for November 1 | of 200 study participants.

background and precancerous
diseases of the cervix associated
with HPV.

Conclusion on  the
effectiveness of  the
method used and the
research hypothesis.
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3.1. |Formation of the database. January July Database  of  study
participants.

3.2. | Analysis of the results of using|July October Conclusion  on  the
technology in association with effectiveness of  the
immunological and genetic data. method used and the

research hypothesis.

3.3. |Formation of a conclusion on the | July October Substantiated
method for the target group of conclusions and
patients. recommendations for the

method.

4. Development of a method for|January Until Formation of a database
assessing the “burnout” of the FS November 1 | 0f 200 study participants.
during local PDT. This method, Conclusion on  the
which is part of the core effectiveness of  the
technology, will be assessed from method used and the
the point of view of the research hypothesis.
effectiveness of various
modifications, and reasonable
conclusions and
recommendations will be formed.

4.1. |Formation of the database. January July Recruitment and
identification of 200
study participants,
follow-up of 200 study
participants.

4.2. |Analysis of the results of using |July Until Conclusion  on  the
technology in association with November 1 | effectiveness of  the
immunological and genetic data. method used and the

research hypothesis.

4.3. | Formation of a conclusion on the | July Until Substantiated
method for the target group of November 1 | conclusions and
patients. recommendations for the

method.

5. Development and implementation | January Until Conclusion on  the
of an optimal PDT program for November 1 | research hypothesis.
complete eradication of HPV. Formation of a scientific

product  using  the
developed complex
technology.

5.1. | Compilation, systematization and | January Until Collection of phenotypic
study of collected and received November I |[and genotypic data,
data, formation of a scientific statistical data
basis for interpreting research processing.
results.

5.2. |Interpretation of research results |January Until New approaches to the
with the formation of a scientific November 1 | diagnosis and treatment

product.

of  background and
precancerous diseases of
the cervix associated
with HPV.
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Possibilities of a
personalized  approach
for the prevention of
HPV-associated cervical
cancer.

3 articles and (or)
reviews in peer-reviewed
scientific publications in
the scientific area of the
program, included in the
Ist (first), 2nd (second),
and (or) 3rd (third)
quartile by impact factor
in the Web of Science
database and (or ) having
a CiteScore percentile in
the Scopus database of at

least 50 (fifty).
Monograph
5.3. |Introduction of complex | January Until Patent for an invention
technology for the diagnosis and November 1 |from the Kazakhstan
treatment of background and Patent Bureau.
precancerous cervical diseases Act of implementation.
associated with HPV  and
management of women with
HPV-associated cervical diseases
using a personalized approach.
5.4. |Making proposals for revising|January Until Methodological
clinical protocols for diagnosis November 1 |recommendations using
and treatment. the conclusion of an
independent  scientific
and medical assessment
of the clinical protocol.
5.5. | Ensuring public awareness of risk | January Until Website  with  brief
factors for the development and November 1 | information.
methods  of  treatment  of
background and precancerous
diseases of the cervix associated
with HPV, the ongoing research
and its results.
5.6. | Preparation of the final report on | cenTsi6pp | Until Report accepted by
the scientific and technical November I |NCSTE

program.
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