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Abstract: Objective: The study aimed to identify key trends in modern oncology by analysing developments and 
innovations in early cancer diagnosis and treatment methods. Using a comparative analysis of scientific and healthcare 
systems in Albania, Bulgaria, Kyrgyzstan, and Uzbekistan, the study examined innovative diagnostic approaches such 
as liquid biopsy, biomarker discovery, genetic testing, advanced imaging techniques, and artificial intelligence 
algorithms.	
  	
  
Methods: For treatment, it highlighted immunotherapy, personalised medicine, cellular, targeted, and combination 
therapies, as well as the development of radiopharmaceuticals and 3D modelling for surgical planning.  

Results: Key findings revealed that the lack of economic support for research is the primary barrier to innovation in all 
four countries. Bulgaria, benefiting from European Union membership, demonstrated the highest potential for advancing 
oncology due to its stronger scientific, technical, regulatory, and social indicators. In contrast, Albania's transition 
economy and Kyrgyzstan’s social and geographical challenges significantly hinder progress. The findings underline the 
need for enhanced economic investment, international cooperation, and regulatory support to address disparities and 
foster the implementation of innovative oncology practices globally.  

Conclusion: This regional analysis provides insights into how tailored approaches can bridge the gap between low- and 
high-income countries in advancing cancer care. 
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1. INTRODUCTION 

Cancer remains one of the leading causes of death 
in the world. The search for new approaches to their 
diagnosis and treatment is an urgent task, the 
successful implementation of which will significantly 
increase the survival rate of patients and improve their 
quality of life during and after treatment. As cancer is a 
global problem, the study of modern developments and 
innovations aimed at its early detection and 
subsequent treatment should cover the socio-
economic, environmental and genetic factors inherent 
in different regions that affect the level of healthcare in 
the countries that belong to them. Even though the 
search for effective methods of early detection and 
treatment of cancer is one of the top priorities of 
modern medicine, the complexity of cancer biology, 
tumour heterogeneity and treatment resistance remains 
the main issue [1]. These challenges manifest in 
clinical settings through difficulties in identifying specific 
tumour subtypes, developing tailored therapies, and 
addressing variable patient responses to treatment due  
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to genetic and molecular diversity. Moreover, treatment 
resistance often results in relapses and limited 
effectiveness of traditional therapies, demanding 
innovative approaches. 

Based on the analysis of metagenomics, genomics, 
transcriptomics and clinical data from 4,160 biopsies of 
metastatic tumours, T.W. Battaglia et al. [2] inves-
tigated the presence and relevance of the microbiome 
in metastatic cancer. This approach identified organ-
specific microbial tropisms and created a pan-
organismal resource of the metastatic tumour micro-
biome. A.M. Tsimberidou et al. [3] deemed precision 
oncology medicine to overcome the complexity of 
tumour biology. The advantage of this approach over 
traditional therapies is that it focuses on the molecular 
characteristics of a particular tumour rather than on the 
type of tumour and stage of the disease. At the same 
time, this approach has certain problems, which were 
analysed by O. Pich et al. [4]. According to scientists, 
these problems are related to the biological complexity 
of tumourigenesis, which affects the processes of can-
cer initiation, prevention, early detection and resistance 
to treatment. To address these challenges, the authors 
propose the expansion of molecular profiling in clinical 
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practice and the introduction of a robust translation 
infrastructure.  

Based on the analysis of the literature on the 
relevant topics, S.S. Senga and R.P. Grose [5] 
concluded that the understanding of the genetics and 
biology of cancer, which has expanded over the past 
decade, requires a revision of its characteristics. 
Therefore, scientists have identified four new signs of 
cancer: dedifferentiation/transdifferentiation, epigenetic 
dysregulation, altered microbiome, and altered 
neuronal signalling. The need to search for new 
characteristic features of cancer is also proved by D. 
Hanahan [6]. Hanahan’s findings highlight that beyond 
molecular markers, the tumour microenvironment and 
its dynamic interplay with host systems require greater 
emphasis to enhance early detection and tailored 
interventions. Among these features, the scientist 
identifies phenotypic plasticity, impaired differentiation, 
non-mutational epigenetic reprogramming, polymorphic 
microbiomes, and senescent cells of different origins in 
the tumour microenvironment. The possibilities of using 
high-dimensional single-cell technologies for the 
analysis of cancer immunotherapy were investigated by 
S.H. Gohil et al. [7]. The main advantage of such 
technologies is the ability to identify tumour 
heterogeneity by tracking individual T-cell clones using 
paired-end sequencing of T-cell receptor genes, which 
will provide the necessary resolution to create clinically 
relevant signatures in immuno-oncology. 

The influence of risk factors on the early evolution of 
cancer was investigated by C.E. Weeden et al. [8]. To 
describe the process under study, the scientists 
analysed how early initiated cells are protected from 
further tumourigenesis and the risk factors that promote 
tumour growth, and based on this, they considered 
strategies for early detection of tumours and assessed 
the prospects for the development of molecular cancer 
prevention. The potential of artificial intelligence-based 
multiomics analysis in cancer medicine was discussed 
by X. He et al. [9]. According to scientists, innovative 
omics technologies make it possible to access 
information from the genome, epigenome, proteome, 
transcriptome, which can be used to determine the 
characteristics of different molecular layers and form a 
holistic view of tumour behaviour. These innovations 
for clinical practice are implemented by combining 
multiomics technology and artificial intelligence 
algorithms, contributing to the development of precision 
cancer medicine – early screening, diagnosis, 
prognosis and assessment of response to therapy. In 
general, the use of multi-omics technologies on the 

artificial intelligence platform will eliminate the existing 
problems of precision medicine, increasing its 
efficiency and, accordingly, the survival rate of patients. 

The above studies analysed developments and 
innovations for the diagnosis and treatment of cancer, 
but given the global nature of the problem, did not 
address certain local features that may affect the 
development or implementation of these developments 
in the healthcare sectors of different regions. For this 
study, materials were selected based on inclusion 
criteria that prioritized publications from peer-reviewed 
journals, systematic reviews, and clinical trials indexed 
in databases such as PubMed, Scopus, and Web of 
Science. Articles were excluded if they lacked empirical 
evidence or region-specific data. The study aims to 
determine the effectiveness of modern approaches to 
the early detection and treatment of cancer. The 
rationale for choosing Albania, Bulgaria, Kyrgyzstan, 
and Uzbekistan lies in their unique healthcare 
dynamics, reflecting diverse socio-economic conditions 
and resource allocations. These countries represent 
regions with varying levels of scientific, regulatory, and 
infrastructural support, providing a comprehensive 
framework for understanding oncology’s development 
under differing constraints. The study objectives were 
to identify what factors can influence the different levels 
of development and implementation of such 
approaches and to analyse, in the example of Southern 
Europe and Central Asia, which regional features can 
facilitate and impede these processes. 

2. METHODS 

The study of modern developments and innovations 
in the early detection and subsequent treatment of 
cancer involved an analysis of relevant scientific 
sources in oncology, immunology, genetics, molecular 
biology and epidemiology. References were collected 
from publications in PubMed, Google Scholar, Web of 
Science, and Scopus databases using keywords: 
“cancer”, “oncology”, “tumour”, “new technologies in 
cancer diagnosis/treatment”, “personalised cancer 
medicine”, “precision medicine”, “genetic analysis”, 
“epigenetics”, “bioinformatics”, “multiomics”, “gene 
sequencing”, “T-cells”, “artificial intelligence in cancer 
diagnosis/treatment”, “nanotechnology in cancer 
diagnosis/treatment”. Following the specifics of the 
research, the search was limited by the year of 
publication – materials from 2020 to 2024 were 
selected for review. A total of 24 publications were 
selected. 

To determine the factors that may influence the 
processes of scientific development and implemen-
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tation of certain developments and innovations in 
clinical practice, a literature search was conducted: 
“ways to introduce innovations in oncology”, “stages of 
development/implementation of new cancer 
treatments”, “barriers/obstacles to the development/ 
implementation of new cancer treatments”, “factors 
influencing the development/implementation of 
innovations in early cancer detection”, “stages of 
clinical trials”, “technical/economic/ethical issues of 
clinical trials”, “financing of cancer research”, “cost-
effectiveness of cancer research”, “access to cancer 
treatment”, “grants for cancer research”, “commerciali-
sation of cancer research”, “economic/environmental/ 
epidemiological factors affecting cancer research”. A 
total of 5 scientific sources were selected for further 
analysis. 

The impact of regional peculiarities that may 
facilitate or impede the development and 
implementation of modern developments and 
innovations in early detection and subsequent 
treatment of cancer was determined based on the 
analysis of the healthcare profiles of the Southern 
European countries of the Balkan region – Albania and 
Bulgaria and the Central Asian countries – Kyrgyzstan 
and Uzbekistan. To this end, the epidemiological 
situation of cancer was assessed in each country 
separately, in the region to which it belongs, and 
globally. For this purpose, statistics from the 
International Agency for Research on Cancer [10-16] 
World Health Organization [17-20] were used. The 
current level of technical, scientific and economic 
capabilities of these countries was also assessed. 
Based on descriptive statistics, socio-economic, 
climatic, demographic and genetic factors were 
identified and the level of their influence (facilitating or 
hindering) on the development and implementation of 
innovative approaches to the detection, treatment and 
prognosis of cancer in the countries of these regions 
was assessed. The obtained metrics were compared 
between these countries, between the general 
indicators of the region and the world. Based on these 
comparisons, the influence of regional aspects on the 
level of development of innovations in the field of 
cancer control was assessed. 

3. RESULTS 

Modern oncology is in a period of active 
development due to the complex influence of many 
factors that interact with each other and contribute to 
constant changes in approaches to the diagnosis, 
treatment and prevention of cancer. The most effective 

new developments that facilitate the early detection of 
cancer include liquid biopsy, new imaging methods, the 
use of artificial intelligence, the discovery of new 
biomarkers, and the use of genetic tests to identify a 
patient’s genetic predisposition to cancer. 

Liquid biopsy is an innovative method of cancer 
diagnosis that analyses blood for DNA fragments of 
cancer cells that contain information about genetic 
mutations of the tumour – circulating tumour DNA 
(ctDNA); RNA molecules that encode proteins 
necessary for the growth and survival of cancer cells – 
circulating tumour RNA (ctRNA) and whole cancer cells 
circulating in the blood – circulating tumour cells 
(CTCs). The analysis of these components was used to 
identify tumours at early stages when they are still 
small and traditional methods cannot always diagnose 
the disease. Compared to other types of biopsies, such 
as surgical biopsy, liquid biopsy is a minimally invasive 
method, which greatly simplifies the diagnostic 
procedure and allows for an increase in the number of 
biopsies, which makes it possible to monitor the 
dynamics of the disease, the effectiveness of 
treatment, and to detect relapses and resistance to 
therapy. In addition, liquid biopsy can detect even a 
small number of cancer cells and provide detailed 
information about the genetic characteristics of 
tumours, which characterises it as a highly sensitive 
and informative diagnostic method [21]. Currently, 
efforts to develop liquid biopsy technology are aimed at 
developing new cancer markers, expanding the range 
of tumours for which this method can be used, and 
reducing the cost of the procedure. Thus, the 
advantages of this method make it possible to consider 
it in the future as a routine procedure for diagnosing 
and monitoring cancer, which will significantly improve 
treatment outcomes and improve the quality of life of 
patients. 

Advances in imaging have improved the resolution 
of magnetic resonance imaging (MRI), positron 
emission tomography with computed tomography 
(PET-CT) and ultrasound and made it possible to 
detect the smallest changes in tissue, which is critical 
for early cancer diagnosis. Modern MRI devices can 
assess functional activity in different parts of the organs 
and, thanks to the use of special contrast agents, better 
visualise tumours and determine the level of their blood 
supply [22]. The high sensitivity of PET-CT makes it 
possible to detect tumours at early stages, when they 
are still invisible to other imaging methods, to 
determine the presence of distant metastases and to 
assess the metabolic activity of tumours (growth rate 
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and metabolic features) [23]. Ultrasound can be used 
to assess the mobility of organs and tissues in real 
time, while Dopplerography allows to assessment of 
blood flow in blood vessels [24]. Even though this 
method is less sensitive and informative than MRI and 
PET-CT, its advantage is the low cost of the procedure. 
Advances in computer technology, the search for new 
contrast agents and the development of more accurate 
image processing algorithms are expanding the 
prospects for further improvements in oncology 
imaging, which will increase diagnostic accuracy and 
expand access to more patients. 

Artificial intelligence, especially machine learning 
algorithms, is revolutionising medical diagnostics in 
general and cancer diagnostics in particular. This 
technology can analyse large amounts of medical 
information (MRI, PET-CT, ultrasound, X-rays) and 
detecting the smallest fragments that are identified as 
signs of cancer [25]. The use of artificial intelligence in 
oncology significantly reduces the possibility of error, 
as the analysis of machine learning algorithms is free 
from human error. Therefore, such algorithms provide 
highly accurate, objective and fast diagnostics, which 
allows for early detection of cancer when treatment is 
most effective. Before artificial intelligence can be fully 
involved in the process of diagnosing cancer, important 
issues related to this technology need to be addressed. 
Among them, the main ones are ensuring the quality of 
data used to train algorithms; interpretation of results (it 
is important that the doctor understands how the 
algorithm makes decisions and, in case of a 
contradictory result, can analyse it); addressing ethical 
issues, for example, the extent of the doctor’s 
responsibility for making decisions based on the results 
of artificial intelligence. Despite these challenges, 
artificial intelligence technology has great potential in 
cancer diagnostics, as it can make it more accurate, 
faster, and more accessible to patients. 

Many modern developments related to early cancer 
detection prioritise the search for new biomarkers as 
important indicators of health and disease. The main 
technologies used for this purpose include the analysis 
of biological fluids (blood, urine, cerebrospinal fluid) to 
detect abnormal proteins, genes or other molecules 
associated with cancer; tissue biopsy to examine the 
tumour and surrounding tissues using mass 
spectrometry, microarray hybridisation and other 
instrumental methods; and omics technologies that 
allow for the simultaneous analysis of thousands of 
genes, proteins or metabolites [26]. An important tool 
for improving the accuracy and speed of each of these 

technologies is artificial intelligence, whose machine 
learning algorithms can analyse large amounts of data 
and identifying complex relationships between various 
biological parameters. Given the complexity of cancer 
biology and the diversity of its types, the search for 
biomarkers is a lengthy process that yields important 
results. Examples of discovered biomarkers include 
prostate-specific antigen (PSA), a biomarker for 
prostate cancer [27], CA-125, a biomarker for ovarian 
cancer [28], carcinoembryonic antigen is a biomarker 
for colon and other cancers [29], and human epidermal 
growth factor 2 is a biomarker for breast, ovarian and 
gastric cancer [30]. The search for cancer biomarkers 
is developing dynamically, as, in addition to the 
possibility of early detection of tumours, it can help 
establish new targets for therapy and develop effective 
medicines based on them. 

The development of genetic tests is important for 
cancer prevention, as it can be used to identify the 
risks of cancer before the first symptoms appear. This 
method cannot be considered diagnostic in the literal 
sense, as it determines the presence of gene mutations 
that increase the risk of developing cancer [31]. 
Genetic tests are important for people who have a 
family history of cancer or who belong to ethnic groups 
with an increased risk of certain types of cancer, as 
well as for patients with a diagnosed disease to predict 
the course of the disease and select the best 
treatment. The most analysed genes are those 
associated with an increased risk of breast, ovarian, 
colon, pancreatic and prostate cancer. The 
development of genetic cancer tests is important in 
modern oncology, so the search for new genes whose 
mutations increase the risk of cancer is a key objective 
of this area. The most promising areas of research 
aimed at developing effective cancer treatments 
include immunotherapy, targeted therapy, combination 
therapy, personalised medicine, cell therapy, 3D 
printing, and the development of radiopharmaceuticals 
[32]. 

Unlike traditional treatments (chemotherapy or 
radiotherapy), which often affect healthy cells, 
immunotherapy, as an innovative area of oncology, 
aims to stimulate the body’s immune system to fight 
cancer cells, so it is more specifically targeted at 
tumour cells [33]. This ability of immunotherapy is 
realised due to the ability of immune cells, in particular 
T-lymphocytes, to recognise cancer cells as foreign 
and attack them. The natural immune mechanism can 
be inhibited, as some cancer cells produce substances 
that suppress the immune system, while the use of 
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immunotherapy helps to neutralise these substances 
and activate an adequate immune response. 
Immunotherapy has several ways of affecting tumours 
through checkpoint inhibitors – drugs that block 
molecules on the surface of cancer and immune cells 
that can suppress the immune response; through 
monoclonal antibodies – proteins that recognise 
specific proteins on the surface of cancer cells and 
mark them for destruction by immune cells; through 
cellular immunotherapy, a method that involves the 
extraction of a patient’s immune cells, their modification 
in the laboratory to increase their effectiveness in 
destroying cancer cells and returning the already 
modified cells to the patient’s body; through the use of 
immunomodulators, substances that stimulate the 
immune system, helping it to fight cancer cells more 
effectively. The advantages of immunotherapy over 
conventional cancer treatment, in addition to high 
efficacy and fewer side effects, are the long-lasting 
therapeutic effect, which is ensured by the ability of the 
immune system to “remember” cancer cells and 
activate them in response to their occurrence even 
after treatment. Currently, improvement of 
immunotherapy method is being carried out in several 
areas: identification of tumour treatment, resistance to 
immunotherapy, reduction of the cost of 
immunotherapy drugs and reduction of side effects, 
including autoimmune reactions, symptoms resulting 
from massive cancer cell death, neurological disorders, 
heart and kidney disorders. 

The innovation of the targeted therapy approach is 
related to the fact that it targets specific molecular 
changes in cancer cells, blocking their growth, unlike 
traditional chemotherapy, which affects all rapidly 
dividing cells in the body. Targeted therapy has several 
mechanisms of action. It can block the signalling 
pathways that stimulate cancer cell growth, suspending 
their proliferation; inhibit tumour angiogenesis, 
depriving the tumour of a source of resources for 
growth; enhance the immune response to recognise 
and destroy cancer cells; and induce apoptosis. The 
main advantages of targeted therapy are specificity, 
which minimises side effects on healthy tissues, low 
toxicity, which allows for long-term therapy, and the 
possibility of combining with other treatments to 
achieve a synergistic effect [34]. Research into this 
therapeutic approach is still ongoing to address its 
limitations, which include the likelihood of cancer cells 
developing resistance to targeted drugs and their high 
cost. 

A method of utilising a stem and immune cell from a 
patient, known as cancer cell therapy, is one of the 

most promising approaches to treating cancer. The 
immune and stem cells of the patient involved in cell 
therapy, when returned to the body after modification, 
perform important functions: immune cells effectively 
recognise and destroy cancer cells, while stem cells 
restore damaged tissues and organs and create a 
microenvironment unfavourable to tumour growth. Both 
types of cells can be used to transport drugs directly to 
the tumour, increasing the effectiveness of treatment 
and reducing the risk of side effects. According to the 
type of cell involved, there are several types of therapy. 
In chimeric antigen receptor-T (CAR-T) cell therapy, 
the patient’s T cells are genetically modified by adding 
a CAR to them, which recognises specific antigens on 
the surface of cancer cells. In the process of adaptive 
cell transfer, the patient’s T cells are multiplied in the 
laboratory and introduced back into the body to fight 
the tumour [35]. Stem cell therapy involves the use of 
the anti-inflammatory and regenerative effects of 
mesenchymal stem cells and the differentiation ability 
of induced pluripotent stem cells, which are used to 
repair damaged tissues [36]. Current research in the 
field of cell therapy technology is aimed at creating 
personalised immune cells for each patient, using new 
cell types, such as natural killer cells and gamma-delta 
T cells, and developing new methods for modulating 
the immune response. 

Therapy with radiopharmaceuticals – drugs 
containing radioactive isotopes that are directed 
directly to cancer cells, destroying them from the 
inside. The drug is administered intravenously. A 
radioactive isotope is combined with a carrier (often an 
antibody or small molecule) that has a high affinity for 
specific molecules on the surface of cancer cells. It 
transports the radioactive isotope to the tumour, where 
it accumulates in cancer cells and emits energy that 
damages the DNA of these cells, leading to their death 
[37]. Important research is currently underway in the 
field of radiopharmaceutical therapy. Scientists are 
developing new radioactive isotopes with shorter half-
lives and greater efficiency and are working on new 
carriers to deliver radioactive isotopes to tumours faster 
and more accurately. 3D printing technology has 
become a revolutionary not only in the field of 
prosthetics but also in other areas of medicine, 
including oncology. This technology makes it possible 
to create exact replicas of organs, tissues and tumours 
for treatment planning and the creation of personalised 
implants. Creating a 3D model involves several stages. 
At the first stage, a three-dimensional image of the 
tumour and surrounding tissues is built using CT or 
MRI images; at the second stage, the data is 
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processed using special software; at the third stage, 
the model is printed on a 3D printer using 
biocompatible (non-toxic, bioinert and bioactive) 
materials, such as polymers or metals [38]. 3D models 
in the fight against cancer allow for the planning of 
surgical interventions, enabling surgeons to study the 
patient’s anatomy in detail and determine the optimal 
access to the tumour, develop individual implants, 
adjust the accuracy of radiation targeting the tumour 
while minimising damage to healthy tissues, and create 
training models for surgeons to learn from. Scientists 
are currently working on the development of bioprinting 
technologies that allow the creation of tissues and 
organs from living cells, which will open prospects for 
the creation of personalised transplants, and the 
search for new biocompatible materials that will have 
improved properties and allow for the creation of more 
functional implants. 

Despite the existence of many innovations in cancer 
treatment, none of the developed methods is universal 
and has certain drawbacks and limitations. Therefore, 
along with their improvement, research is being 
conducted on combination therapy as a means of 
achieving a synergistic effect, overcoming tumour 
resistance to certain types of treatment and reducing 
the likelihood of disease recurrence. The most 
promising areas of this therapeutic approach are the 
combination of immune therapy with other treatments 
and the search for new effective combinations of 
chemotherapeutic, targeted and immunotherapeutic 
drugs [39]. The field of personalised medicine is 
currently being actively developed in all areas of 
medicine. It has great prospects of becoming a leading 
treatment method in oncology, as it can be used to 
consider all the unique genetic characteristics of each 
patient, which is highly relevant given the complex 
anatomy of cancer. Genetic analysis of a tumour 
sample can be used to identify mutations in the genes 
that lead to its growth and development and to select 
the type of treatment that will most effectively affect 
these mutations and stop the development of the 
disease [40]. The main advantages of personalised 
medicine are the high efficiency of therapy, reduction of 
side effects and expansion of treatment options for 
patients with rare forms of cancer. Among the current 
developments in this area, an important place is 
occupied by the development of faster and cheaper 
DNA sequencing technologies, the development of 
immuno-oncology and the creation of tumour biobanks 
to compare genetic data of different patients as a basis 
for using machine learning technology for diagnosis 
and treatment. 

There are currently many examples of 
developments used in clinical oncology. CAR-T cell 
therapy, which uses genetically modified T-cells to 
recognise and destroy cancer cells, is carried out using 
axicabtagene ciloleucel, a drug approved for the 
treatment of large B-cell lymphoma and diffuse large B-
cell lymphoma, and tisagenlecleucel, a drug approved 
for the treatment of acute lymphoblastic leukaemia in 
children and young adults [41]. The use of checkpoint 
inhibitor drugs that block the mechanisms that allow 
cancer cells to evade the immune system (nivulumab, 
pembrolizumab, atezolizumab – inhibitors of 
programmed cell death protein 1 (PD-1) and 
Programmed cell death ligand 1 (PD-L1) molecules, 
ipilimumab – cytotoxic T-lymphocyte-associated 
antigen 4 (CTLA-4) inhibitor) [42]. The development of 
drugs that inhibit angiogenesis has led to the 
development of bevacizumab, a drug that blocks the 
action of the vascular endothelial growth factor protein, 
which stimulates the formation of new blood vessels; 
sorlafen, a broad-spectrum drug that inhibits not only 
angiogenesis but also other processes necessary for 
tumour growth; sunitinib is a drug with multikinase 
activity that inhibits tumour growth by blocking several 
signalling pathways; pazopanib is a tyrosine kinase 
inhibitor that blocks tumour growth [43-45]. The study 
of the possibility of blocking the expression of genes 
necessary for the survival of cancer cells accelerated 
the development of patisiran, the first RNA 
interference-based drug approved for clinical use and 
currently used to treat hereditary transthyretin amyloid 
polyneuropathy [46]. 

The most relevant factor that directly affects the 
development and implementation of innovative 
methods of early detection and treatment of cancer is 
the epidemiological situation. However, this process 
also depends largely on the influence of a combination 
of other factors, among which the main ones are the 
scientific, technical, regulatory, economic, social and 
infrastructural levels of the subject of scientific activity. 
Innovations in oncology, such as artificial intelligence 
and personalised medicine, have the potential to bridge 
disparities between high- and low-income countries. 
While high-income nations focus on refining these 
technologies, low-income countries could benefit from 
cost-effective applications that enhance early detection 
and treatment accessibility. Global collaboration, 
including knowledge sharing and subsidising 
technological implementation, is essential to ensure 
that these advancements contribute to reducing the 
global cancer burden and improving healthcare equity. 
The scientific and technical level is determined by the 
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speed of scientific discoveries, technological 
capabilities and strength of ties in international 
cooperation; the regulatory level – by the level of 
legislative and state support for scientific activity, as 
well as the effectiveness of regulatory bodies; the 
economic level – by the level of financing of the 
industry, the price of drugs and the level of competition; 
the social level – by the availability of treatment, public 
awareness and ethical aspects; the infrastructural level 
– by the availability of modern At the level of individual 
countries, the combination of these factors creates 
potential opportunities and limitations, the balance of 
which determines the state of scientific development in 
the field of oncology. The impact of these factors on the 
development and implementation of new approaches to 
early detection and treatment of cancer should be 
considered in the example of the countries of Southern 
Europe and Central Asia, addressing the regional and 
global epidemiological situation (Figure 1). 

According to statistics, the problem of cancer 
morbidity and mortality is quite acute, especially for 
countries in the European region. The morbidity and 
mortality rates in Europe are twice as high as the global 
average and more than 3.5 times higher than in Central 
Asia. There are several probable reasons for this 
situation. Given that the risk of developing cancer 
increases with age, an important reason for the high 
incidence rates in Europe is the ageing of the 
population. A more developed cancer registration 
system allows for a more accurate assessment of 

cancer prevalence. In other regions, especially in low- 
and middle-income countries, the registration system 
may be less effective, leading to underestimation of the 
number of cases. A focus on prevention and early 
diagnosis, as well as greater public awareness, allows 
for early detection of the disease, which can lead to an 
increase in the number of reported cases, but also 
improve the prognosis for patients. This is also 
evidenced by the percentage ratio between morbidity 
and mortality, which is 45% in Europe and 53% in 
Central Asia [47-49]. This epidemiological situation 
creates a demand for and at the same time depends on 
the development of new effective treatments, 
contributing to the involvement of scientific, technical, 
economic, regulatory, social and infrastructure 
resources in this process. 

Analysing the state of modern developments and 
innovations in the early detection and treatment of 
cancer in Albania, it is worth identifying limitations and 
assessing positive trends that affect this process. The 
unfavourable factors that hinder its development 
include insufficient funding for oncology; restricted 
access to the latest technologies, including modern 
equipment, software, and reagents required for 
complex research and development in the field of 
oncology; insufficient funding for scientific research; 
and shortage of qualified personnel – a lack of 
scientists with experience in working with modern 
technologies; weak integration into international 
scientific networks – limited participation of Albanian 

 
Figure 1: Global and regional cancer incidence and mortality statistics for the year. 

Note: due to the lack of up-to-date statistics, the data used is for 2022. 

Source: compiled by the authors based on International Agency for Research on Cancer [10-16]. 
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scientists in international research projects; 
complications in conducting clinical trials and 
registering new drugs due to bureaucratic restrictions; 
lack of efficiency and transparency of regulatory 
bodies, which hinders the development and 
implementation of innovations in the field of oncology; 
problems with the logistics of medicines and medical 
devices, especially in the regions; uneven distribution 
of modern clinic equipment between large cities and 
regions. Potential development paths for cancer 
research and innovation include cooperation with 
international organisations, which facilitates the transfer 
of knowledge and technology, attracts additional 
funding, and allows countries to use the experience of 
other countries with more developed healthcare 
systems, which will help avoid some mistakes and 
accelerate the development of domestic cancer service 
[50]. Positive trends towards improving this situation 
are the increase in modern clinics with high-quality 
equipment in large cities and the rise in public 
awareness of the importance of early cancer diagnosis.  

The factors affecting the decrease in the 
effectiveness of scientific developments in the field of 
oncology in Bulgaria have both similar and more 
specific limitations to those in Albania. These include 
underfunding of research projects in the field of 
oncology, outdated equipment in some medical and 
scientific institutions, limited integration into 
international scientific networks, uneven distribution of 
modern equipment across regions, and a shortage of 
highly qualified personnel due to the emigration of 
scientists and doctors to countries with more developed 
economies. Another important factor in slowing down 
the process of scientific development in oncology is the 
ongoing problems with corruption and inefficiency, 
which, despite the development of the regulatory 
system, have not yet been resolved. Nevertheless, the 
presence of many positive trends indicates Bulgarin’s 
high potential in the field of cancer control. These 
include close cooperation with international 
organisations, attracting investment and assistance 
from European funds to increase the number of 
modern equipment in clinics and research centres, 
developing private clinics to stimulate competition and 
promote the introduction of new technologies, and 
raising public awareness of the importance of early 
cancer diagnosis, stabilisation of the supply of 
medicines and medical devices between the regions of 
the country and opening up new opportunities for 
funding research, more harmonised legislation and 
implementation of European standards in healthcare 
through integration into the European Union [51]. The 

challenges faced by Bulgaria, such as underfunding, 
outdated equipment, and uneven resource distribution, 
mirror similar obstacles in other low- and middle-
income countries. However, Bulgaria's integration into 
the European Union offers a unique advantage through 
access to international funding and regulatory 
frameworks, which may accelerate the adoption of 
modern technologies. Compared to Central Asia, 
where geographic and infrastructural barriers are more 
pronounced, Bulgaria's primary focus on harmonising 
with EU standards demonstrates a different pathway to 
addressing shared challenges in oncology innovation. 

Despite the positive trends, the situation with the 
development of scientific achievements in the field of 
oncology in Albania and Bulgaria is still at a low level. 
This is confirmed by the epidemiological situation in 
both countries. In terms of the number of registered 
cases, they are lower than the European average, but 
in terms of the mortality-to-morbidity ratio, they 
significantly exceed it – in Albania by 17% (62% vs. 
45%), in Bulgaria by 12% (57% vs. 45%), which may 
indicate the insufficient effectiveness of the methods 
used for early detection and subsequent treatment of 
cancer in both countries. The constraints affecting the 
development and implementation of innovations in 
cancer control in Kyrgyzstan include insufficient funding 
for scientific research in the field of oncology; a 
shortage of oncologists, radiologists and other qualified 
personnel, especially in the regions; outdated 
equipment in scientific and medical institutions; poor 
integration into international scientific networks; and 
difficult access for residents of remote regions due to 
the specifics of mountainous terrain; limited access to 
quality water and food, which increases the risk of 
cancer among the population; outdated and non-
adapted legislation that hinders clinical trials and 
registration of new drugs; unstable government policies 
that lead to disruptions in the provision of medical 
facilities and complicate long-term planning; often 
inefficient regulatory authorities that lead to delays in 
registration procedures and bureaucratic issues. 
Positive trends that may have a certain impact on the 
overall situation with the development of this industry 
include cooperation with international organisations, 
the development of private clinics offering a wider 
range of services, including modern treatment 
methods, and a gradual increase in public awareness 
of the importance of early cancer diagnosis [52]. 

Similarly to Kyrgyzstan, limited funding for research, 
a shortage of qualified personnel, poor integration into 
international scientific networks and the lack of modern 
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equipment in the regions are the main issues in the 
development of oncology research and innovation. 
Despite the compliance of the legislation with 
international standards and the satisfactory 
performance of the regulatory authorities, there are still 
certain bureaucratic obstacles in the country that slow 
down the process of scientific development and delay 
the registration of new medicines. Cooperation with 
international organisations, the development of private 
clinics, raising public awareness of the importance of 
early cancer diagnosis, efforts to remove bureaucratic 
obstacles that hinder the process of scientific 
development in oncology, certain state support for the 
oncology sector, and efforts to speed up the 
registration and implementation of scientific 
developments can help reduce the impact of such 
restrictions [53]. 

Currently, the imbalance between restrictions and 
positive trends in Kyrgyzstan harms the development of 
innovations in cancer control. This is evidenced by the 
epidemiological situation. Despite the lower incidence 
rate in the countries compared to the region they are 
part of, the mortality-to-morbidity ratio in Kyrgyzstan 
exceeds the regional rate by 11% (64% vs. 53%), the 
European rate by 19% (64% vs. 45%), in Uzbekistan 
the regional rate by 8% (61% vs. 53%), and the 
European rate by 16% (61% vs. 45%). A common 
problem in all four countries that affects the 
development of oncology R&D and innovation is the 
underfunding of the healthcare sector (Figure 2). 

Bulgaria currently has the highest potential, given 
the positive trends and the level of current healthcare 
expenditure, which can be explained by the expanding 
opportunities for economic growth and research and 

development available in the European Union (Figure 
3). Albania, as a country in transition that is not a 
member of this alliance, has certain difficulties with 
funding, legislation and regulatory factors that hinder 
the development of scientific developments in the fight 
against cancer. Bureaucratic restrictions arising from 
discrepancies between national legislation and 
European standards have a significant impact, making 
it difficult to conduct clinical trials and register new 
drugs. In addition to these limitations, the situation is 
worsened by the demographic factor, with a large 
population creating additional challenges for the 
organisation of an effective healthcare system, and the 
diversity of climatic conditions, which can affect the 
spread of certain types of cancer. Unfavourable social 
and geographical factors in Kyrgyzstan complicate the 
development and implementation of innovations in the 
field of oncology and affect the quality of life of patients 
with cancer. 

The results of the complex and long-term 
development of effective cancer treatment methods 
have already made it possible to transform cancer from 
an incurable disease into a disease that can be 
successfully controlled, ensuring long-term survival and 
improving the quality of life. However, the high mortality 
rate, which accounts for about half of all cases, 
requires increased efforts and stronger international 
cooperation between scientists and doctors around the 
world to accelerate the solution to this common 
problem. 

4. DISCUSSION 

When studying modern developments and 
innovations in the early detection and treatment of 

 
Figure 2: Current healthcare expenditure (% of GDP) in Albania, Bulgaria, Kyrgyzstan and Uzbekistan. 

Note: due to the lack of up-to-date statistics, the data used is for 2021. 

Source: compiled by the authors based on World Health Organization [17-20]. 
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cancer, it is difficult to assess the actual effectiveness 
of methods based on these developments. This is 
caused by some of them being at the testing stage, 
while others are just being introduced into clinical 
practice. Thus, the assessment of their effectiveness is 
based on an analysis of the available characteristics 
and mechanism of action. Therefore, it is necessary to 
compare the results obtained with the results of studies 
containing data on clinical trials of the diagnostic and 
therapeutic methods mentioned in this paper. This 
study is limited by several factors. First, the lack of 
comprehensive real-world clinical trial data on some 
innovations, such as liquid biopsy and advanced 
imaging technologies, restricts the ability to evaluate 
their long-term effectiveness. Additionally, financial 
constraints in low- and middle-income countries often 
delay the implementation of these developments, 
limiting their accessibility. Finally, disparities in 
healthcare infrastructure across the selected regions 
may introduce biases in assessing their applicability 
and success. 

A clinical study of the effectiveness of CA19-9 as a 
reference marker for the early detection of pancreatic 
cancer was conducted by J.F. Fahrmann et al. [54]. 
Using the liquid biopsy method, the researchers 
evaluated 175 blood serum samples collected 5 years 
before the diagnosis of pancreatic cancer and 
compared them with samples from 875 patients 
obtained during screening for other cancers and 
samples from a control group of healthy individuals, 
patients with chronic pancreatitis and non-cancerous 
pancreatic cysts. Assessing the informative value of the 

CA19-9 biomarker, scientists concluded that it can be 
used as a reference marker for the early detection of 
pancreatic cancer and further monitoring of patients at 
risk. It is possible to partially agree with the conclusion 
of the scientists, but it is worth noting that there are 
certain limitations associated with this marker, such as 
insufficient specificity – elevated CA19-9 levels can be 
observed not only in pancreatic cancer but also in other 
diseases of the liver, pancreas and biliary tract. 
Therefore, despite the high sensitivity, it is advisable to 
confirm the results of diagnostics using this marker with 
MRI, PET-CT or ultrasound examinations. 

The efficacy, safety and correlation of the 
toripalimab biomarker in the treatment of recurrent and 
metastatic nasopharyngeal carcinoma was investigated 
by F.H. Wang et al. [55]. In their paper, the researchers 
analysed the results of a Phase II clinical trial 
(POLARIS-02) evaluating the anti-tumour activity of a 
new PD-1 inhibitor for recurrent or metastatic 
nasopharyngeal cancer that is resistant to standard 
chemotherapy. At this stage of the study, toripalimab 
showed efficacy in terms of the duration of clinical 
response and safety in the treatment of recurrent and 
metastatic nasopharyngeal carcinoma. The results of a 
clinical trial conducted by scientists have virtually 
confirmed the benefits of immunotherapy over 
traditional cancer treatment. Toripalimab, as an 
innovative immuno-oncological drug belonging to the 
class of immune checkpoint inhibitors, targets the PD-1 
molecule on the surface of T-lymphocytes [56]. It is this 
mechanism of action that ensures the long-term 
remission recorded in the study patients and the 

 
Figure 3: Healthcare expenditures and cancer outcomes across the regions. 
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effectiveness in the treatment of certain types of 
cancer, in particular nasopharyngeal carcinoma, which 
does not respond to standard therapy. As of today, 
toripalimab has completed 3 phases of clinical trials 
and is approved for use in clinical practice for the 
treatment of melanoma, especially metastatic 
melanoma, non-small cell lung cancer, bladder, head 
and neck cancer [57-59]. This drug is not yet widely 
used for the treatment of nasopharyngeal carcinoma, 
which is due to the limited clinical trial data. Therefore, 
the study of F. H. Wang et al. may be useful in further 
trials to reach unambiguous conclusions about the 
feasibility of its use in the treatment of this type of 
cancer. 

The impact of the introduction of a genetic test on 
the lifetime risk of prostate cancer in general practice 
was assessed by J. Fredsøe et al. [60]. A cluster 
randomised controlled trial determined that men who 
had undergone a genetic test for prostate cancer risk 
and were found to be at high risk had a higher 
propensity to undergo a second PSA test over the next 
two years compared to men with normal genetic risk. 
These results demonstrate the effectiveness of genetic 
tests as an effective tool for the prevention and early 
detection of cancer. Agreeing with the conclusions of 
the scientists, it is worth adding that a significant 
drawback of these tests is their high cost, which limits 
their use in general clinical practice. The authors of the 
publication also emphasise this, noting that among the 
study participants who underwent a genetic test, a 
large proportion were young men with high incomes. 

The theoretical advantages of 3D printing 
technology are proved based on practical experience 
by Y. Chen et al. [61] published the results of a quasi-
randomised clinical trial. During the study, 89 patients 
were divided into 2 groups: the first group included 
patients whose plan for localised thoracoscopic 
segmental lung cancer resection was based on 
preliminary positioning and simulated surgery 
performed using 3D reconstruction of the chest CT 
scan and 3D printing; the second group included 
patients whose surgery planning was based on 
improved 3D reconstruction images obtained during CT 
scanning. The quality indicators of the surgical 
intervention were the speed of the surgical approach, 
the frequency of the surgical method, the duration of 
the operation, intraoperative blood loss, and the 
incidence of postoperative complications. Significant 
differences in these indicators between the two groups 
were in favour of planning the operation using 3D 
printing technology, they had an advantage in the 

speed of approach switching by 10.5%, in the duration 
of the operation by 48 minutes, in the intraoperative 
blood loss by 53.43 ml, in the speed of switching the 
surgical method to lobectomy by 10.5%, but in terms of 
postoperative complications, the technology of using 
3D reconstruction images from CT was superior by 
9.3%. After analysing these results, the researchers 
concluded that planning an operation with 3D printing 
technology makes it easier for surgeons to identify 
nodules more accurately and generally improves the 
accuracy and safety of the surgical procedure. It is 
possible to agree with the authors’ conclusions and add 
that the use of 3D models can be used to anticipate 
difficulties during surgery and find the best way to solve 
them at the preparation stage, reducing the impact of 
hidden risks and increasing the success rate of the 
operation.  

Analysing clinical trials on personalised cancer 
medicine, it can be noted that most of them publish the 
results of phase I trials. Currently, the pharmaceutical 
market does not have a single vaccine for personalised 
cancer treatment that has passed all three phases of 
clinical trials [62, 63]. The reasons for this delay may 
be related to the “youth” of the technology, the 
complexity and high cost of cellular research, and the 
length of time it takes to find the optimal combinations 
of different therapies [64, 65]. Nevertheless, this area 
has high potential and prospects, as evidenced by the 
number of scientific papers and the optimistic results of 
phase I trials. Such results were published by L.A. 
Rojas et al. [66] in a study of the effectiveness of 
personalised RNA-neoantigen vaccines that stimulate 
T cells in pancreatic cancer. The researchers used 
mutational T-cell neoantigens contained in pancreatic 
ductal adenocarcinoma as a target for the vaccine. In 
the Phase I trial of adjuvant autogenous cevumeran, an 
individual neoantigenic vaccine based on uridine 
mRNA lipoplex nanoparticles, scientists synthesised 
mRNA neoantigenic vaccines from surgically removed 
adenocarcinoma tumours. Postoperative treatment for 
patients included immunotherapy against PD-L1 
(atezolizumab), autologous cevumera and a modified 
mFOLFIRINOX chemotherapy regimen of four drugs 
(folic acid, fluorouracil, irinotecan and oxaliplatin). The 
efficacy was determined by the induction of 
neoantigen-specific T cells by the vaccine and 18-
month relapse-free survival. After therapy, the induction 
of high-amplitude neoantigen-specific T cells was 
observed in 50% of patients, with the number of T cells 
multiplied by the vaccine, including repeated 
multiplication after the booster, reaching up to 10% of 
all blood T cells. Relapse-free survival of patients was 
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extended with the vaccine to 13.4 months but did not 
reach the expected 18 months. It is possible to agree 
with the authors’ conclusions that the use of 
atezolizumab adjuvant, autologous cevumeran and 
mFOLFIRINOX induces significant T-cell activity, 
delaying the recurrence of pancreatic cancer, as this 
indicates the effectiveness of the developed vaccine, 
given the high mortality rate of this type of cancer [67, 
68]. However, before the start of phase II trials, it is 
advisable to modify the vaccine to increase the 
recurrence-free survival rate to the planned 18 months. 

As the results of the analysed studies show, the 
development and implementation of new approaches 
aimed at early detection and treatment of cancer is a 
technically complex, resource-intensive and lengthy 
process that brings scientists and doctors closer to 
overcoming the problem of high mortality from this 
disease with each step. Therefore, economic, 
regulatory, social and infrastructural factors must not 
slow down this process but rather contribute to its 
efficiency and acceleration. 

5. CONCLUSIONS 

The search for new methods for the early detection 
and treatment of cancer is a key area of development 
in modern oncology. Among the most effective 
innovative approaches to diagnosing this disease are 
liquid biopsy, the discovery of new biomarkers, 
improved imaging techniques, the use of artificial 
intelligence and genetic testing. Based on these 
approaches, methods have already been developed 
and continue to be developed to detect various types of 
cancer at an early stage, when treatment can be most 
effective. Given the shortcomings and side effects of 
traditional treatments, modern cancer treatment 
developments are aimed at targeting the tumour. The 
most promising of these are immunotherapy, targeted, 
cellular, combined and personalised therapies, the 
development of radiopharmaceuticals, and 3D printing. 

The main factors affecting the process of 
developing and implementing innovative methods of 
cancer diagnosis and treatment include the scientific, 
technical, economic, social, regulatory and 
infrastructural levels of individual research centres or 
the healthcare sector of a particular country or region. 
Comparing the impact of these factors on the oncology 
R&D process in Albania, Bulgaria, Kyrgyzstan, the 
study determined that a common problem for each 
country is insufficient funding for R&D and innovation. 
Bulgaria, as a member of the European Union, 
currently has the greatest opportunities for the 

development of the oncology industry. The limitations 
that slow down cancer research in Albania are due to 
the shortcomings of economic and regulatory 
processes associated with the specifics of a transitional 
economy. The situation with research and development 
in Uzbekistan is complicated by the burden on the 
healthcare system due to the large population and 
climate, which can contribute to the spread of certain 
types of cancer. In addition to these limitations, the 
development of innovations in the fight against cancer 
in Kyrgyzstan is complicated by social and 
geographical factors that hinder scientific development 
and affect the quality of medical care for patients with 
cancer. Comparisons among the selected countries 
reveal shared challenges, such as underfunding and 
limited access to modern technologies, but also 
demonstrate differing approaches to addressing these 
issues. For example, Bulgaria leverages EU resources 
to modernise its oncology infrastructure, while 
Uzbekistan relies on bilateral cooperation with 
international organisations to enhance its capacity. 
Kyrgyzstan faces additional obstacles due to its 
mountainous terrain, which limits access to healthcare, 
whereas Albania's transition economy creates 
regulatory and financial hurdles that impede research 
progress. 

Given that research into new areas of cancer 
diagnosis and treatment is developing under the 
influence of the aforementioned factors, which often 
hinder progress, the primary recommendation of this 
paper is to expand international scientific cooperation 
between researchers and healthcare professionals. 
Such collaboration can accelerate efforts to address 
the global burden of cancer by fostering the exchange 
of knowledge, technologies, and best practices. 
Policymakers should prioritise increased funding for 
oncology research and create incentives for private 
sector investment, while healthcare institutions must 
enhance training and capacity building, particularly in 
under-resourced regions. Researchers should focus on 
developing cost-effective diagnostic and therapeutic 
solutions tailored to regional socio-economic 
conditions. Future research should assess the ethical 
implications of clinical trials in oncology, particularly in 
regions with limited regulatory frameworks, and explore 
the cost-effectiveness of innovative approaches to 
ensure wider accessibility. Investigating region-specific 
interventions that address environmental, social, and 
economic factors influencing cancer incidence and 
treatment outcomes is also essential. Furthermore, 
studies should examine strategies to overcome 
logistical and infrastructural barriers to cancer care in 
remote areas and the role of public awareness 
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initiatives in reducing stigma and promoting early 
diagnosis.  

REFERENCES 

[1] Zub V, Kotuza A, Tolstanov O. Communication of oncological 
patients with oncologists: main problems and problem-
solving strategies. International Journal of Medicine and 
Medical Research 2022; 8(2): 74-82, ,  
https://doi.org/10.11603/ijmmr.2413-6077.2022.2.13594 

[2] Battaglia TW, Mimpen IL, Traets JJ, van Hoeck A, Zeverijn 
LJ, Geurts BS, de Wit GF, Noë M, Hofland I, Vos JL, 
Cornelissen S, Alkemade M, Broeks A, Zuur CL, Cuppen E, 
Wessels L, van de Haar J, Voest E. A pan-cancer analysis of 
the microbiome in metastatic cancer. Cell 2024; 187(9): 
2324-2335. 
https://doi.org/10.1016/j.cell.2024.03.021 

[3] Tsimberidou AM, Fountzilas E, Nikanjam M, Kurzrock R. 
Review of precision cancer medicine: Evolution of the 
treatment paradigm. Cancer Treatment Reviews 2020; 86: 
article 102019.  
https://doi.org/10.1016/j.ctrv.2020.102019 

[4] Pich O, Bailey C, Watkins TB, Zaccaria S, Jamal-Hanjani M, 
Swanton C. The translational challenges of precision 
oncology. Cancer Cell 2022; 40(5): 458-478.  
https://doi.org/10.1016/j.ccell.2022.04.002 

[5] Senga SS, Grose RP. Hallmarks of cancer - The new 
testament. Open Biology 2021; 11: article 200358.  
https://doi.org/10.1098/rsob.200358 

[6] Hanahan D. Hallmarks of cancer: New dimensions. Cancer 
Discovery 2022; 12(1): 31-46.  
https://doi.org/10.1158/2159-8290.CD-21-1059 

[7] Gohil SH, Iorgulescu JB, Braun DA, Keskin DB, Livak KJ. 
Applying high-dimensional single-cell technologies to the 
analysis of cancer immunotherapy. Nature Reviews Clinical 
Oncology 2021; 18(4): 244-256.  
https://doi.org/10.1038/s41571-020-00449-x 

[8] Weeden CE, Hill W, Lim EL, Grönroos E, Swanton C. Impact 
of risk factors on early cancer evolution. Cell 2023; 186(8): 
1541-1563.  
https://doi.org/10.1016/j.cell.2023.03.013 

[9] He X, Liu X, Zuo F, Shi H, Jing J. Artificial intelligence-based 
multi-omics analysis fuels cancer precision medicine. 
Seminars in Cancer Biology 2023; 88: 187-200. 
https://doi.org/10.1016/j.semcancer.2022.12.009 

[10] International Agency for Research on Cancer. World 2022. 
https://gco.iarc.who.int/media/globocan/factsheets/population
s/900-world-fact-sheet.pdf  

[11] International Agency for Research on Cancer. 2022. WHO 
Europe region (EURO). https://gco.iarc.who.int/media/ 
globocan/factsheets/populations/994-who-europe-euro-fact-
sheet.pdf  

[12] International Agency for Research on Cancer. Northern 
Africa, Central and Western Asia hub 2022. https://gco. 
iarc.who.int/media/globocan/factsheets/populations/975-
northern-africa-central-and-western-asia-hub-fact-sheet.pdf  

[13] International Agency for Research on Cancer. Albania 2022. 
https://gco.iarc.who.int/media/globocan/factsheets/population
s/8-albania-fact-sheet.pdf  

[14] International Agency for Research on Cancer. Bulgaria 2022. 
https://gco.iarc.who.int/media/globocan/factsheets/population
s/100-bulgaria-fact-sheet.pdf  

[15] International Agency for Research on Cancer. Kyrgyzstan 
2022. https://gco.iarc.who.int/media/globocan/factsheets/ 
populations/417-kyrgyzstan-fact-sheet.pdf  

[16] International Agency for Research on Cancer. Uzbekistan 
2022. https://gco.iarc.who.int/media/globocan/factsheets/ 
populations/860-uzbekistan-fact-sheet.pdf  

[17] World Health Organization. Health data overview for the 
Republic of Albania 2022. https://data.who.int/countries/008  

[18] World Health Organization. Health data overview for the 
Republic of Bulgaria 2022. https://data.who.int/countries/100  

[19] World Health Organization. Health data overview for the 
Kyrgyz Republic 2022. https://data.who.int/countries/417  

[20] World Health Organization. Health data overview for the 
Republic of Uzbekistan 2022. https://data.who.int/countries/ 
860  

[21] Nikanjam M, Kato S, Kurzrock R. Liquid biopsy: Current 
technology and clinical applications. Journal of Hematology & 
Oncology 2022; 15: article 131. 
https://doi.org/10.1186/s13045-022-01351-y 

[22] Woitek R, Gallagher FA. The use of hyperpolarised 13C-MRI 
in clinical body imaging to probe cancer metabolism. British 
Journal of Cancer 2021; 124(7): 1187-1198. 
https://doi.org/10.1038/s41416-020-01224-6 

[23] Eraj S, Sher DJ. PET/CT: Radiation therapy planning in head 
and neck cancer. PET Clinics 2022; 17(2): 297-305. 
https://doi.org/10.1016/j.cpet.2021.12.007 

[24] Zhang G, Ye HR, Sun Y, Guo ZZ. Ultrasound molecular 
imaging and its applications in cancer diagnosis and therapy. 
ACS Sensors 2022; 7(10): 2857-2864. 
https://doi.org/10.1021/acssensors.2c01468 

[25] Jones OT, Matin RN, Van der Schaar M, Bhayankaram KP, 
Ranmuthu CK, Islam MS, Walter FM. Artificial intelligence 
and machine learning algorithms for early detection of skin 
cancer in community and primary care settings: A systematic 
review. The Lancet Digital Health 2022; 4(6): 466-476. 
https://doi.org/10.1016/S2589-7500(22)00023-1 

[26] López-López Á, López-Gonzálvez Á, Barbas C. 
Metabolomics for searching validated biomarkers in cancer 
studies: A decade in review. Expert Review of Molecular 
Diagnostics 2024; 24(7): 601-626. 
https://doi.org/10.1080/14737159.2024.2368603 

[27] Duffy MJ. Biomarkers for prostate cancer: Prostate-specific 
antigen and beyond. Clinical Chemistry and Laboratory 
Medicine (CCLM) 2020; 58(3): 326-339. 
https://doi.org/10.1515/cclm-2019-0693 

[28] Ranganath A, Sakalecha AK, Darshan AV, Vineela E. MRI 
assessment of ovarian masses and correlating with CA-125. 
Journal of Cancer Research and Therapeutics 2024; 20(3): 
869-873. 
https://doi.org/10.4103/jcrt.jcrt_656_21 

[29] Hou S, Jing J, Wang Y, Du L, Tian B, Xu X, Shi Y. Evaluation 
of clinical diagnostic and prognostic value of preoperative 
serum carcinoembryonic antigen, CA19-9, and CA24-2 for 
colorectal cancer. Alternative Therapies in Health & Medicine 
2023; 29(6): 192-197. https://pubmed.ncbi.nlm.nih.gov/ 
37295009/ 

[30] Talia KL, Banet N, Buza N. The role of HER2 as a 
therapeutic biomarker in gynaecological malignancy: 
Potential for use beyond uterine serous carcinoma. 
Pathology 2023; 55(1): 8-18. 
https://doi.org/10.1016/j.pathol.2022.11.004 

[31] Casolino R, Beer PA, Chakravarty D, Davis MB, Malapelle U, 
Mazzarella L, Biankin AV. Interpreting and integrating 
genomic tests results in clinical cancer care: Overview and 
practical guidance. CA: A Cancer Journal for Clinicians 2024; 
74(3): 264-285.  
https://doi.org/10.3322/caac.21825 

[32] Baidya K, Devi YS, Devi AS, Singh YI, Das D, Mahawar R, 
Devi NN. Hypofractionated radiotherapy with concurrent 
chemotherapy with weekly cisplatin in locally advanced 
relatively radioresistant subsites of head and neck cancers. 
International Journal of Medicine and Medical Research 
2022; 8(2): 24-33. 
https://doi.org/10.11603/ijmmr.2413-6077.2022.2.13118 

 



98     Journal of Cancer Research Updates, 2024, Vol. 13 Goxharaj et al. 

[33] Goodman RS, Johnson DB, Balko JM. Corticosteroids and 
cancer immunotherapy. Clinical Cancer Research 2023; 
29(14): 2580-2587.  
https://doi.org/10.1158/1078-0432.CCR-22-3181 

[34] Huang R, Zhou PK. DNA damage repair: Historical 
perspectives, mechanistic pathways and clinical translation 
for targeted cancer therapy. Signal Transduction and 
Targeted Therapy 2021; 6: article 254.  
https://doi.org/10.1038/s41392-021-00648-7 

[35] Michaelides S, Obeck H, Kechur D, Endres S, Kobold S. 
Migratory engineering of T cells for cancer therapy. Vaccines 
2022; 10(11): article 1845. 
https://doi.org/10.3390/vaccines10111845 

[36] Yin W, Wang J, Jiang L, Kang YJ. Cancer and stem cells. 
Experimental Biology and Medicine 2021; 246(16): 1791-
1801.  
https://doi.org/10.1177/15353702211005390 

[37] Alati S, Singh R, Pomper MG, Rowe SP, Banerjee SR. 
Preclinical development in radiopharmaceutical therapy for 
prostate cancer. Seminars in Nuclear Medicine 2023; 53(5): 
663-686.  
https://doi.org/10.1053/j.semnuclmed.2023.06.007 

[38] Rivas Loya R, Jutte PC, Kwee TC, van Ooijen PM. Computer 
3D modeling of radiofrequency ablation of atypical 
cartilaginous tumours in long bones using finite element 
methods and real patient anatomy. European Radiology 
Experimental 2022; 6: article 21.  
https://doi.org/10.1186/s41747-022-00271-3 

[39] Bholakant R, Dong B, Zhou X, Huang X, Zhao C, Huang D, 
Feijen J. Multi-functional polymeric micelles for 
chemotherapy-based combined cancer therapy. Journal of 
Materials Chemistry B 2021; 9: 8718-8738.  
https://doi.org/10.1039/D1TB01771C 

[40] Custers JA, Davis L, Messiou C, Prins JB, van der Graaf WT. 
The patient perspective in the era of personalized medicine: 
What about scanxiety?” Cancer Medicine 2021; 10(9): 2943-
2945.  
https://doi.org/10.1002/cam4.3889 

[41] Locke FL, Miklos DB, Jacobson CA, Perales MA, Kersten 
MJ, Oluwole OO, Westin JR. Axicabtagene ciloleucel as 
second-line therapy for large B-cell lymphoma. New England 
Journal of Medicine 2022; 386(7): 640-654.  
https://doi.org/10.1056/NEJMoa2116133 

[42] Li Q, Han J, Yang Y, Chen Y. PD-1/PD-L1 checkpoint 
inhibitors in advanced hepatocellular carcinoma 
immunotherapy. Frontiers in Immunology 2022; 13: article 
1070961.  
https://doi.org/10.3389/fimmu.2022.1070961 

[43] Lee A. MYL-1402O: A bevacizumab biosimilar. Targeted 
Oncology 2022; 17(1): 85-88.  
https://doi.org/10.1007/s11523-021-00858-7 

[44] Hazra A, Bose P, Sunita S, Pattanayak SP. Molecular 
epigenetic dynamics in breast carcinogenesis. Archives of 
Pharmacal Research 2021; 44(8): 741-763.  
https://doi.org/10.1007/s12272-021-01348-0 

[45] Koylu B, Tekin F, Aktas BY, Kilickap S, Koksal D. Pazopanib-
induced chylothorax in a patient with renal cell carcinoma. 
Anti-Cancer Drugs 2022; 33(1): 555-557. 
https://doi.org/10.1097/CAD.0000000000001172 

[46] Titze-de-Almeida SS, Brandão PR, Faber I, Titze-de-Almeida 
R. Leading RNA interference therapeutics part 1: Silencing 
hereditary transthyretin amyloidosis, with a focus on 
patisiran. Molecular Diagnosis & Therapy 2020; 24(1): 49-59. 
https://doi.org/10.1007/s40291-019-00434-w 

[47] Sutherland JM. Health services research and government’s 
spending on healthcare programs: A welcome 
misalignment?” Healthcare Policy 2020; 16(2): 6-13.  
https://doi.org/10.12927/hcpol.2020.26358 

[48] Yuce TK, Chung JW, Barnard C, Bilimoria KY. Association of 
state certificate of need regulation with procedural volume, 

market share, and outcomes among Medicare beneficiaries. 
JAMA 2020; 324(20): 2058-2068.  
https://doi.org/10.1001/jama.2020.21115 

[49] Straccamore M, Loreto V, Gravino P. The geography of 
technological innovation dynamics. Scientific Reports 2023; 
13: article 21043.  
https://doi.org/10.1038/s41598-023-48342-8 

[50] Dyba T, Randi G, Bray F, Martos C, Giusti F, Nicholson N, 
Gavin A, Flego M, Neamtiu L, Dimitrova N, Carvalho RN, 
Ferlay J, Bettio M. The European cancer burden in 2020: 
Incidence and mortality estimates for 40 countries and 25 
major cancers. European Journal of Cancer 2021; 157: 308-
347. 
https://doi.org/10.1016/j.ejca.2021.07.039 

[51] Horgan D, Mia R, Erhabor T, Hamdi Y, Dandara C, Lal JA, 
Domgue JF, Ewumi O, Nyawira T, Meyer S, Kondji D, 
Francisco NM, Ikeda S, Chuah C, De Guzman R, Paul A, 
Nallamalla KR, Park WY, Tripathi V, Tripathi R, Johns A, 
Singh MP, Whittaker K, Dube F, Mukherji D, Abu Rasheed 
HM, Kozaric M, Pinto JA, Stefani SD, Augustovski F, Rueda 
M, Alarcon RF, Barrera-Saldana HA. Fighting cancer around 
the world: A framework for action. Healthcare 2022; 10(11): 
article 2125.  
https://doi.org/10.3390/healthcare10112125 

[52] World Health Organization. Towards a healthier Kyrgyz 
Republic: Progress report 2020 on health and sustainable 
development. 2020. https://iris.who.int/handle/10665/338569. 

[53] Komilova NK. Territorial analysis of medical geographical 
conditions of Uzbekistan. Current Research in Behavioral 
Sciences 2021; 2: article 100022.  
https://doi.org/10.1016/j.crbeha.2021.100022 

[54] Fahrmann JF, Schmidt CM, Mao X, Irajizad E, Loftus M, 
Zhang J, Patel N, Vykoukal J, Dennison JB, Long JP, Do KA, 
Zhang J, Chabot JA, Kluger MD, Kastrinos F, Brais L, Babic 
A, Jajoo K, Lee LS, Clancy TE, Ng K, Bullock A, Genkinger J, 
Yip-Schneider MT, Maitra A, Wolpin BM, Hanash S. Lead-
time trajectory of CA19-9 as an anchor marker for pancreatic 
cancer early detection. Gastroenterology 2021; 160(4): 1373-
1383.  
https://doi.org/10.1053/j.gastro.2020.11.052 

[55] Wang FH, Wei XL, Feng J, Li Q, Xu N, Hu XC, Liao W, Jiang 
Y, Lin XY, Zhang QY, Yuan XL, Huang HX, Chen Y, Dai GH, 
Shi JH, Shen L, Yang SJ, Shu YQ, Liu YP, Wang W, Wu H, 
Feng H, Yao S, Xu RH. Efficacy, safety, and correlative 
biomarkers of toripalimab in previously treated recurrent or 
metastatic nasopharyngeal carcinoma: A phase II clinical trial 
(POLARIS-02). Journal of Clinical Oncology 2021; 39(7): 
704-712. 
https://doi.org/10.1200/JCO.20.02712 

[56] Hussen NH, Hasan AH, FaqiKhedr YM, Bogoyavlenskiy A, 
Bhat AR, Jamalis J. Carbon Dot Based Carbon Nanoparticles 
as Potent Antimicrobial, Antiviral, and Anticancer Agents. 
ACS Omega 2024; 9(9): 9849-9864.  
https://doi.org/10.1021/acsomega.3c05537 

[57] Polatova DSh, Madaminov AYu. Molecular and clinical 
aspects of oropharyngeal squamous cell carcinoma 
associated with human Papillomavirus. Opuholi Golovy i Sei 
2021; 11(2): 31-40.  
https://doi.org/10.17650/2313-805X-2021-11-2-31-40 

[58] Polatova DSh, Madaminov AYu, Savkin AV, Nurzhabov AI, 
Asamedinov NK, Ibragimova DA, Davletov RR, Nasirov SK. 
PD-L1 and p53 expression in squamous cell carcinoma of 
the oropharynx depending on human papilloma virus status. 
Opuholi Golovy i Sei 2023; 13(2): 44-56. 
https://doi.org/10.17650/2222-1468-2023-13-2-44-56 

[59] Terefe EM, Opulencia MJC, Rakhshani A, Ansari MJ, 
Sergeevna SE, Awadh SA, Polatova DSh, Abdulkadhim AH, 
Mustafa YF, Kzar HH, Al-Gazally ME, Kadhim MM, Taherian 
G. Roles of CCR10/CCL27-CCL28 axis in tumour 
development: mechanisms, diagnostic and therapeutic  
 



Current Developments and Innovations in Early Detection Journal of Cancer Research Updates, 2024, Vol. 13     99 

approaches, and perspectives. Expert Reviews in Molecular 
Medicine 2022; 24: article e37. 
https://doi.org/10.1017/erm.2022.28 

[60] Fredsøe J, Koetsenruyter J, Vedsted P, Kirkegaard P, Vaeth 
M, Edwards A, Ørntoft TF, Sørensen KD, Bro F. The effect of 
assessing genetic risk of prostate cancer on the use of PSA 
tests in primary care: A cluster randomized controlled trial. 
PLOS Medicine 2020; 17(2): article e1003033.  
https://doi.org/10.1371/journal.pmed.1003033 

[61] Chen Y, Zhang J, Chen Q, Li T, Chen K, Yu Q, Lin X. Three-
dimensional printing technology for localised thoracoscopic 
segmental resection for lung cancer: A quasi-randomised 
clinical trial. World Journal of Surgical Oncology 2020; 18: 
article 223. 
https://doi.org/10.1186/s12957-020-01998-2 

[62] Komilova N, Egamkulov K, Hamroyev M, Khalilova K, 
Zaynutdinova D. The impact of urban air pollution on human 
health. Medicni Perspektivi 2023; 28(3): 170-179. 
https://doi.org/10.26641/2307-0404.2023.3.289221 

[63] Komilova N, Karshibaeva L, Egamberdiyeva U, Egamkulov 
K. Territorial Analysis of the Nosoecological Situation and the 
Health of the Population of the Syrdarya Region. Universal 
Journal of Public Health 2024; 12(2): 207-217. 
https://doi.org/10.13189/ujph.2024.120204 

[64] Latka K, Kolodziej W, Pawlak K, Sobolewski T, Rajski R, 
Chowaniec J, Olbrycht T, Tanaka M, Latka D. Fully 
Endoscopic Spine Separation Surgery in Metastatic 
Disease—Case Series, Technical Notes, and Preliminary 
Findings. Medicina (Lithuania) 2023; 59(5): article 993. 
https://doi.org/10.3390/medicina59050993 

[65] Ravshanov AX, Suhail M, Komilova N, Ravshanov S. 
Medical geographical zoning in part of Uzbekistan - A 

regional synthesis. Regional Science Policy and Practice 
2024; 16(12): article 100142.  
https://doi.org/10.1016/j.rspp.2024.100142 

[66] Rojas LA, Sethna Z, Soares KC, Olcese C, Pang N, 
Patterson E, Lihm J, Ceglia N, Guasp P, Chu A, Chandra AK, 
Waters T, Ruan J, Amisaki M, Zebboudj A, Odgerel Z, Payne 
G, Derhovanessian E, Müller F, Rhee I, Yadav M, Dobrin A, 
Sadelain A, Łuksza M, Cohen N, Tang L, Basturk O, Gönen 
M, Katz S, Do RK, Epstein ES, Momtaz P, Park W, 
Sugarman R, Varghese AM, Won E, Desai A, Wei AC, 
D’Angelica MI, Kingham TP, Mellman I, Merghoub T, 
Wolchok JD, Sahin U, Türeci Ö, Greenbaum BD, Jarnagin 
WR, Drebin J, O’Reilly EM, Balachandran VP. Personalized 
RNA neoantigen vaccines stimulate T cells in pancreatic 
cancer. Nature 2023; 618(7963): 144-150.  
https://doi.org/10.1038/s41586-023-06063-y 

[67] Мамонтов IМ, Tamm ТІ, Kramarenko КО, Ryabushchenko 
DD, Sytnik DA, Nepomniashchyi VV, Bardiuk OYa. 
Endoscopic retrograde cholangiopancreatography and 
endoscopic decompression in the malignant obstruction of 
the extrahepatic biliary tracts - a retrospective analysis. 
Ukrainian Journal of Radiology and Oncology 2023; 31(1): 
28-37. 
https://doi.org/10.46879/ukroj.1.2023.28-37 

[68] Mamontov IM, Tamm TI, Kramarenko KO, Rjabushhenko 
DD, Sytnik DA, Nepomniashchyi VV. Risk factors for post-
endoscopic retrograde pancreatography pancreatitis in 
malignant extrahepatic biliary obstruction: a retrospective 
single-center study. Ukrainian Journal of Radiology and 
Oncology 2023; 31(2): 150-160. 
https://doi.org/10.46879/ukroj.2.2023.150-160 

 
 

Received on 08-11-2024 Accepted on 02-12-2024 Published on 31-12-2024 
 

https://doi.org/10.30683/1929-2279.2024.13.12 

© 2024 Goxharaj et al.; Licensee Neoplasia Research. 
This is an open-access article licensed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the work is properly cited. 
	
  


