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Abstract 

Introduction. The issue of tumor growth remains one of the most pressing 

challenges in contemporary biomedical science due to the high prevalence of 

oncological diseases and the complexity of their pathogenesis. Angiogenesis 

ensures tumor vascularization, oxygen and nutrient supply, and contributes to 

invasion and metastasis, while its morphological manifestations are used to assess 

tumor progression and prognosis. 

The aim of study was to analyze and summarize current literature data on 

angiogenesis as a morphological marker of tumor growth. 

Results. Analysis of recent publications shows that tumor angiogenesis 

occurs through classical formation of new blood vessels (sprouting) as well as 

alternative mechanisms such as vessel co-option and vasculogenesis. VEGF plays 

a central role, with its activity correlating with increased microvascular density 

and poor prognosis. Perivascular spaces, cells of the tumor microenvironment, and 
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tumor-associated macrophages play important regulatory roles, stimulating the 

formation of pathological vascular networks and increasing tumor invasiveness. 

Metabolic and epigenetic mechanisms (e.g., m6A RNA modifications) 

additionally influence the intensity of angiogenesis, as well as the structure and 

architecture of the tumor vascular network, allowing assessment of its growth 

dynamics, degree of aggressiveness, and morphological changes. 

Conclusions. Angiogenesis is a universal and multifaceted morphological 

marker of tumor growth, reflecting the integration of molecular, cellular, and 

tissue-level processes. Further research should focus on understanding these 

mechanisms in greater detail to improve tumor characterization and prognostic 

assessment. 

Keywords: angiogenesis, tumor growth, vascular endothelial growth factor 

(VEGF), tumor, pathomorphology. 

 

Problem Statement. Tumor growth remains one of the most pressing issues 

in modern biomedical science due to the high prevalence of oncological diseases, 

the complexity of their pathogenesis, and significant mortality rates. According to 

the World Health Organization, nearly ten million people died from cancer in 

2020, meaning that approximately one in six deaths worldwide is attributable to 

this disease [1]. Similarly, Ukraine demonstrates high mortality rates, with about 

85,000 deaths from cancer reported annually [2]. 

Over recent decades, tumor growth has increasingly attracted scientific 

attention, as its development is a multifactorial process involving disturbances in 

cellular proliferation, differentiation, apoptosis, and intercellular interactions. 

One of the key mechanisms underlying the progression of malignant 

neoplasms is angiogenesis—the process of new blood vessel formation from the 

pre-existing vasculature. Activation of angiogenesis creates conditions that supply 

tumor tissue with oxygen and nutrients, promotes invasive growth, and facilitates 
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metastasis. In this regard, angiogenesis is considered not only a prerequisite for 

tumor growth but also an important morphological marker of malignant tissue 

transformation that warrants thorough investigation. 

In light of the above, the analysis of current literature data on angiogenesis 

as a morphological marker of tumor growth is justified from the perspective of the 

need to systematize existing scientific evidence. 

Analysis of Recent Research and Publications. In recent years, angiogenesis 

has remained one of the most relevant research areas in oncology due to its pivotal 

role in tumor vascularization, growth, and metastasis. Contemporary reviews and 

studies emphasize the complex nature of angiogenesis, which involves multiple 

mechanisms of new vessel formation, including sprouting angiogenesis, vessel co-

option, vasculogenesis, and other pathways independent of vascular endothelial 

growth factor (VEGF – vascular endothelial growth factor). These alternative 

mechanisms may contribute to the development of resistance to anti-angiogenic 

therapies. Such a broad classification of angiogenic mechanisms expands the 

understanding of their impact on tumor development and prognosis [3–5]. 

Individual studies focused on specific tumor localizations, particularly 

breast cancer, confirm the high prognostic value of microvessel density and the 

expression of angiogenic factors in assessing tumor aggressiveness and disease 

outcomes. It has been established that poor prognosis in breast cancer correlates 

with increased microvessel density and enhanced activity of pro-angiogenic 

factors, which supply tumor tissue with oxygen and nutrients. Inhibition of 

angiogenesis leads to reduced tumor vascularization and restriction of its 

metabolic support; therefore, tumor angiogenesis is considered an important 

therapeutic target [6]. 

Overall, current reviews confirm that angiogenesis is not only a key 

mechanism of tumor growth but also a significant indicator for prognosis, 

assessment of therapeutic response, and the development of novel multitarget 
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treatment strategies in oncology. Accordingly, systematization of contemporary 

literature data on angiogenesis and its stimulating factors is warranted [7]. 

The aim of study was to analyze and summarize current literature data on 

angiogenesis as a morphological marker of tumor growth. 

Materials and Methods. A total of 87 recent scientific publications 

published between 2020 and 2025 were reviewed. The sources were retrieved 

from the PubMed, Scopus, Web of Science, and Google Scholar databases. Based 

on their relevance to the study objective, methodological rigor, and scientific 

significance, 20 publications were selected for inclusion in the final version of the 

article. 

Presentation of the Main Material. The conducted analysis of contemporary 

literature sources indicates that angiogenesis is one of the key biological processes 

determining the growth, progression, and metastatic potential of malignant tumors. 

The formation of new blood vessels supplies tumor tissue with oxygen and 

nutrients, thereby creating the morphological basis for the transition from non-

invasive (initial) growth to invasive progression [8]. From this perspective, 

angiogenesis is considered not only a functional mechanism but also an important 

morphological marker of tumor growth with diagnostic and prognostic 

significance. 

Contemporary studies confirm that the activation of angiogenesis in tumors 

is driven by a complex interplay between hypoxia, cellular metabolic 

reprogramming, and signals derived from the tumor microenvironment. A central 

role in this process is played by vascular endothelial growth factor (VEGF), the 

expression of which is significantly upregulated under hypoxic conditions and 

correlates with increased microvessel density and poor prognosis. According to a 

study published in Oncology Letters (Zhou J., 2024), VEGF-dependent signaling 

cascades contribute to the formation of a morphologically immature and 
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chaotically organized vascular network characteristic of tumor tissue, thereby 

promoting invasion and metastasis [9]. 

An important addition to the classical concepts of angiogenesis is the 

growing evidence regarding the role of epigenetic mechanisms, particularly N6-

methyladenosine (m6A) RNA modification. A study by Qin L. (2024), published 

in Frontiers in Oncology, demonstrates that m6A regulators influence the stability 

and translation of mRNAs encoding key pro-angiogenic factors, including VEGF, 

FGF, and angiopoietins. Disruption of m6A balance leads to enhanced 

angiogenesis and the development of an aggressive tumor phenotype [10]. 

The metabolic aspects of angiogenesis have also attracted considerable 

attention. In a publication by Arce-Recatala C. (2025) in Metabolites, it is 

emphasized that tumor cells and endothelial cells exist in close metabolic 

symbiosis. Reprogramming of glycolysis, lipid metabolism, and amino acid 

metabolism promotes activation of angiogenic signaling pathways and is reflected 

in characteristic morphological alterations of the tumor vasculature. Thus, the 

metabolic profile of a tumor is directly associated with the degree of angiogenesis 

and may be considered as its functional and morphological correlate [11]. 

The immune microenvironment also plays a distinct role in the regulation of 

tumor angiogenesis. According to Qiao X. (2025) in Frontiers in Immunology, 

tumor-associated macrophages (TAMs) represent one of the key sources of pro-

angiogenic factors. They stimulate endothelial cell proliferation, extracellular 

matrix (ECM) remodeling, and the formation of a pathological vascular network. 

Morphologically, this is manifested by increased microvessel density and 

structural atypia, which are associated with an immunosuppressive 

microenvironment and tumor progression [12]. 

Perivascular spaces, particularly the Virchow–Robin spaces, play a 

significant role in tumor angiogenesis and microenvironmental cell interactions. In 

the context of tumors of the nervous system, these structures constitute an 
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important microanatomical component of the vascular microenvironment, 

facilitating the diffusion of oxygen, nutrients, and signaling molecules, as well as 

the migration of immune and tumor cells [13]. In malignant brain tumors, such as 

high-grade gliomas, these spaces are regarded not merely as anatomical 

formations but also as functional pathways of interaction between tumor cells, the 

vascular wall, and microenvironmental cells [14]. Available data indicate that 

tumor cells are capable of exploiting perivascular spaces for migration along the 

vascular network, a phenomenon closely associated with pathological 

angiogenesis and invasive growth [15]. 

Activation of angiogenesis in brain tumors is accompanied by the formation 

of a morphologically immature and structurally atypical vascular network, around 

which remodeling and dilation of perivascular spaces are observed. This creates 

conditions for the accumulation of pro-angiogenic factors, immune 

microenvironment cells, and tumor cells, thereby enhancing the invasive potential 

of the neoplasm [16]. Accordingly, Virchow–Robin spaces may be considered as a 

morphological indicator of active vascular remodeling and angiogenesis in brain 

tumor tissue. 

Contemporary concepts of tumor angiogenesis extend beyond the classical 

formation of new blood vessels and include alternative mechanisms of vascular 

network development. One such mechanism is vessel co-option, whereby cancer 

cells do not generate new vessels but instead use pre-existing capillaries of healthy 

tissue, adapting them to tumor needs. Another important process is 

vasculogenesis, in which new vessels arise not through sprouting of existed ones 

but via differentiation of endothelial or stem cells into vascular endothelium. 

These alternative pathways ensure tumor blood supply even when classical 

angiogenesis is suppressed or insufficient and contribute to increased invasiveness 

and resistance to anti-angiogenic therapies [4, 17]. 
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The integration of morphological and mathematical approaches enables a 

deeper understanding of tumor angiogenesis patterns. In a study by Mohseni A. 

(2024), published in Frontiers in Biomedical Technologies, the potential of 

mathematical modeling of angiogenesis was demonstrated for quantitative 

assessment of vascular architectonics and prediction of tumor growth. Such 

models highlight the close relationship between vascular morphology and the 

functional behavior of tumors [18]. 

Several review papers also emphasize the importance of an interdisciplinary 

approach to angiogenesis research, combining molecular, morphological, and 

clinical data. In particular, analyses of current concepts of angiogenesis as a 

biomarker and therapeutic target confirm its pivotal role in patient stratification 

and prognosis assessment [19, 20]. 

Conclusions and Prospects for Further Research. Thus, angiogenesis 

represents a universal yet multifaceted morphological marker of tumor growth. Its 

manifestations reflect the integration of hypoxic, metabolic, epigenetic, and 

immune mechanisms that shape the structural and functional basis of malignant 

tumor progression. 

Future research should focus on the development of individualized 

therapeutic approaches that take into account the molecular profile of the tumor 

and the status of angiogenesis. An important direction is also the combination of 

conventional anticancer treatment modalities with targeted anti-angiogenic 

inhibitors, which may enhance therapeutic efficacy and reduce the risk of 

complications. 
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