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Abstract 

Previously, we proposed a new classification of tumor microvessels (MVs) on the basis of their morphological features and 

clinical significance. The aim of this study was to summarize the obtained results and establish the predictive value of different 

types of tumor MVs for assessing the risk of metastasis to regional lymph nodes (RLNs) in glandular and squamous cell 

carcinomas. Materials and methods. A total of 385 archival samples of gastric cancer stages I--III, breast cancer stages I--IIIA, 

cervical squamous cell carcinoma stages I--IIA, and lung squamous cell carcinoma stages I--IIIA were studied. The tumor 

sections were processed routinely and subjected to immunohistochemistry with antibodies against cluster of differentiation 34 

(CD34) and podoplanin. To assess independent predictors of the risk of metastasis to RLNs, correlation analysis and univariate 

and multivariate logistic regression analyses were performed. Statistical analysis was performed via Statistica 10.0 software. 

Results. For patients with gastric cancer and breast cancer, the independent predictors of a high risk of metastasis to RLNs are T2 

(p=0.007) and T3 (p<0.00001) stages, tumor grade 3 (p=0.0002), the presence of lymphovascular invasion (LVI) (p=0.044) and 

peritumoral retraction clefts (p=0.008). For patients with squamous cell carcinoma of the cervix and lung, independent predictors 

of a high risk of metastasis to RLNs are the T2 (p=0.01) and T3 (p=0.007) stages, the presence of LVI (p=0.0014), dilated 

capillaries (DCs) of the "contact type" (p=0.0007), capillaries in the tumor solid component (p=0.046) and peritumoral retraction 

cleftings (p=0.0006). Conclusion. The results of the present study indicate that when assessing the risk of metastasis to RLNs, it 

is advisable to consider the presence of peritumoral retraction clefting and LVI in both glandular and squamous cell carcinomas. 

In addition, in squamous cell carcinomas, the accuracy of assessing the risk of metastasis to RLNs can be increased by taking into 

account "contact-type" DCs and capillaries in the solid component of the tumor. 
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1. Introduction 

In 1971, Judah Folkman first proposed the brilliant hy-

pothesis that the formation of tumor microvessels (MVs) is a 

necessary condition for the growth of malignant neoplasms 

[1]. Further studies have shown that tumor angiogenesis is 
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also associated with tumor metastasis and can be a target for 

antitumor therapy [2, 3]. Research on tumor angiogenesis is 

actively continuing, and over the past half century, much 

work has been done to study the mechanisms of tumor angi-

ogenesis: 

The key factors that initiate tumor angiogenesis processes, 

such as hypoxia, hypoxia-inducible factor-1, and vascular 

endothelial growth factor, have been identified. In addition, 

the ability to induce tumor angiogenesis has been established 

for fibroblast growth factor, angiopoietins, epidermal growth 

factor, platelet-derived growth factor, transforming growth 

factors, hepatocyte growth factor, insulin-like growth factor, 

nitric oxide, and their receptors [4-6]. 

Various mechanisms of tumor microvessel formation have 

been established, including sprouting angiogenesis [7, 8], 

vasculogenic mimicry [9-11], vasculogenesis [12-14], tumor 

vessel co-option [15, 16], and intussusceptive angiogenesis 

[17-19]. 

The main characteristics of tumor MVs, such as variabil-

ity in vessel diameter, incomplete structure of their walls and 

random arrangement, are described. The basement mem-

brane of tumor MVs has a discontinuous structure and is 

weakly associated with pericytes. The endothelial cells (ECs) 

lining tumor MVs are weakly associated with each other, can 

overlap with each other, often have an irregular shape with 

ruffled margins and numerous cytoplasmic projections and 

are characterized by high inter- and intratumoral heteroge-

neity [13, 20-24]. The described features of tumor MVs 

contribute to the passage of fluid and fibrin into the sur-

rounding tissue and the formation of tumor stroma, and an 

increase in interstitial pressure promotes tumor metastasis 

[20, 21, 25, 26]. 

One of the main goals of tumor angiogenesis studies is the 

possibility of using the obtained results in clinical practice. 

Currently, a number of targeted drugs have been developed 

to block the action of factors that activate tumor angiogen-

esis. Unfortunately, the results of the use of angiogenesis 

blockers in the treatment of cancer patients have not met 

expectations [27-29]. The insufficient effectiveness of an-

giogenesis blockers is believed to be associated with the 

heterogeneity of tumor MVs, which have different origins 

and structures and respond differently to angiogenic therapy 

[8, 21, 23, 30, 31]. There are several classifications of tumor 

MVs, which are based mainly on the degree of vessel ma-

turity as a factor associated with tumor sensitivity to anti-

angiogenic therapy [21, 23, 30, 32, 33]. However, most of 

these classifications do not consider the variety of tumor 

MVs or their role in tumor progression. Thus, the study of 

the morphology of different types of tumor MVs and their 

correlations with key factors of tumor progression has not 

lost relevance. 

Since 2011, our team has been actively studying the mor-

phological features of tumor MVs in malignant neoplasms. 

We studied tumor MVs in glandular cancers of the stomach 

and breast and squamous cell cancers of the cervix and lung. 

As a result of the analysis, we described 8 types of tumor MVs 

and structures with partial endothelial linings (SPELs). The 

new classification of tumor MVs is based on characteristics 

such as size, shape, contours, localization, features of the 

endothelial lining, intensity of staining of the cytoplasm of 

ECs with the markers CD34 and podoplanin (PDPN), char-

acteristics of the EC nuclei and the content of the MV lumen. 

A detailed description of different types of tumor MVs is 

presented in our previously published works [34-38]. In short, 

we distinguished the following types of tumor MVs: 

1) normal MVs, capillaries with a diameter of 5–40 μm 

with a normal endothelial lining; 

2) dilated capillaries (DCs), MVs of regular shape with a 

diameter greater than 40 with a normal endothelial lin-

ing; 

3) atypical dilated capillaries (ADCs), MVs with a diame-

ter greater than 40 μm, with unclear contours due to the 

chaotic arrangement of the lining ECs; 

4) structures with partial endothelial lining (SPELs), cavity 

structures, the walls of which are only partially lined 

with chaotically arranged ECs; 

5) DCs with weak expression of CD34, MVs with a diam-

eter greater than 40 μm, located in loose irregular con-

nective tissue, and lined by ECs with very weak, some-

times barely noticeable cytoplasmic expression of 

CD34; 

6) contact-type DCs, MVs, the walls of which are in direct 

contact with tumor cells, with no connective tissue layer 

between them; 

7) capillaries in the tumor solid component, linear capil-

laries with collapsed walls located directly in the solid 

component of the tumor; and 

8) capillaries in lymphoid and polymorphic cell infiltrates, 

MVs located in lymphoid and polymorphic cell infil-

trates with a very thin endothelial lining and lympho-

cytes in their lumen. 

Normal MVs, DCs, ADCs, SPELs and DCs with weak 

expression of CD34 are observed in both glandular and 

squamous cell carcinomas. At the same time, DCs of the 

contact type, capillaries in the solid component of the tumor 

and capillaries in lymphoid and polymorphic cell infiltrates 

were detected only in squamous cell carcinomas. 

We found that the DCs with weak expression of CD34 and 

capillaries in the solid component of the tumor were blood 

vessels, since these MVs were not stained with antibodies 

against podoplanin (PDPN). In contrast, all capillaries in 

lymphoid and polymorphic cell infiltrates are stained with 

PDPN, i.e., they are lymphatic vessels. Other types of tumor 

MVs can be both blood and lymphatic vessels. Importantly, 

the described tumor MVs not only differed in structure but 

were also associated with different clinicopathological 

characteristics of malignant neoplasms. When the correla-

tions of the described MVs with the presence of metastases 

in RLNs, the most significant clinical factor determining the 

prognosis of the disease, were assessed, it was found that, in 
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patients with gastric cancer and squamous cell lung cancer, 

the number of ADCs and SPELs in the tumor was greater in 

patients with metastases in the RLNs than in patients without 

them. In addition, in squamous cell lung cancer, the presence 

of capillaries in the solid component of the tumor is also 

associated with the risk of metastases in RLNs [34-38]. 

However, it is unclear whether these MVs are independent 

predictors of the risk of regional metastasis and whether 

there are differences in the prognostic significance of dif-

ferent types of tumor MVs between glandular and squamous 

cell carcinomas. Thus, the aim of this study was to establish 

the predictive significance of different types of tumor MVs 

for assessing the risk of metastasis to RLNs in glandular and 

squamous cell carcinomas. 

2. Materials and Methods 

2.1. Patients 

This study is a summary analysis of the results of im-

munohistochemical (IHC) examination of 385 archival 

samples of stage I--III gastric cancer, stage I--IIIA breast 

cancer, stage I--IIA cervical squamous cell carcinoma and 

stage I--IIIA lung squamous cell carcinoma. A detailed 

description of the studies performed is provided in our ear-

lier works [34-38]. Briefly, all the studies were retrospective, 

case‒control studies. The inclusion criteria for the study 

were as follows: (1) the surgery was performed at the first 

stage of treatment; (2) the surgery was radical (R0); and (3) 

the condition of the archival material, allowing for 

high-quality histological and IGH examinations. The study 

did not include archival blocks (1) from patients who re-

ceived neoadjuvant therapy preceding surgical treatment; (2) 

from patients who consumed antihistamines or nonsteroidal 

drugs; (3) from patients who had stage IV cancer; or (4) from 

patients whose material for morphological examination was 

poor quality. Studies were conducted in accordance with the 

Declaration of Helsinki principles and ethical and legal 

requirements. The study protocols were approved by the 

Ethics Committee of Orenburg State Medical University 

(Orenburg, Russia). The characteristics of the patients 

whose archival blocks were examined in this study are pre-

sented in Table 1. 

Тable 1. Patient characteristics. 

 N (%) 

Age years (M±σ) 57.9 ± 11.1 

Diagnosis 

Gastric cancer 74(19/2%) 

Breast cancer 66(17.1%) 

 N (%) 

Squamous cell cervical cancer 65(16.9%) 

Squamous cell lung cancer 180(46.7%) 

Sex 

Men 221(57.4%) 

Women 164(42.6%) 

T stage 

T1 128(33.2%) 

T2 160(41.6%) 

T3 92(23.9%) 

T4 5(1.3%) 

N stage 

N0 191(49.6%) 

N1 114(29.6%) 

N2 80(20.8%) 

Stage 

I 141(36.6%) 

II 126(32.7%) 

III 118(30.6%) 

Grade 

G1 140(36.4%) 

G2 158(41.0%) 

G3 87(22.6%) 

2.2. Immunohistochemistry 

IGH staining was performed on an Autostainer 480 (Thermo 

Fisher Scientific Ltd., Vantaa, Finland) or a fully automated 

BOND-MAX staining system (Leica Biosystems Melboume Pty 

Ltd., Australia) in the pathology department of the Orenburg 

Regional Oncology Center (Orenburg, Russia). For the study, 

archival paraffin blocks of surgical material were used. 

Four-micron-thick sections were stained with an antibody 

against cluster of differentiation 34 (CD34) and an antibody 

against PDPN according to the manufacturers' protocols. Marker 

expression was assessed as described previously [34-38]. 

For analysis, the density of normal MVs; the density of 

DCs, ADCs and SPELS; the presence or absence of DCs with 

weak CD34 expression; contact-type DCs; capillaries in 

lymphoid and polymorphic cell infiltrates; and the presence or 

absence of lymphovascular invasion (LVI) were determined. 

We also assessed the presence or absence of a peritumoral 

retraction cleft, since we believe that this phenomenon is 

associated with a specific type of angiogenesis. Figures 1-4 

show examples of the described types of tumor MVs in var-

ious malignant neoplasms. 
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Figure 1. Different types of tumor microvessels and structures with 

partial endothelial linings and the phenomenon of peritumoral re-

traction clefting in gastric cancer. a: normal microvessels; b: dilated 

capillaries (arrows); c: atypical dilated capillary (arrow); d: structure 

with partial endothelial lining (arrow); e: dilated capillary with weak 

expression of CD34 (arrow); f: phenomenon of peritumoral retraction 

clefting (arrows). Staining with antibodies against CD34; magnifica-

tion: a, b and d – 800x; c and f – 200x; e – 400x. 

 
Figure 2. Different types of tumor microvessels and structures with 

partial endothelial linings and the phenomenon of peritumoral re-

traction clefting in breast cancer. a: normal microvessels; b: dilated 

capillaries (arrows); c: atypical dilated capillaries; d: structure with 

partial endothelial lining (arrow); e: dilated capillaries with weak 

expression of CD34 (arrows); f: phenomenon of peritumoral retrac-

tion clefting (arrows). Staining with antibodies against CD34; 

magnification: a, с and d – 800x; b and f – 400x; e – 200x. 

 
Figure 3. Different types of tumor microvessels and structures with 

partial endothelial linings in cervical squamous cell carcinoma. a: 

normal microvessels; b: dilated capillaries; c: atypical dilated ca-

pillaries (arrow); d: structure with partial endothelial lining (arrow); 

e: dilated capillaries with weak expression of CD34 (arrow); f: 

contact-type dilated capillaries; g: capillaries in the solid compo-

nent of the tumor (arrows); h: capillaries in lymphoid and poly-

morphic cell infiltrates (arrow). Staining: a--e and g – with anti-

bodies against CD34, f and h – with antibodies against PDPN; 

magnification: a, c--h – 800x; b – 200x. 

2.3. Statistical Analysis 

All analyses were conducted via Statistica 10.0 software. 

Correlations between biomarkers were quantified via 

Spearman's rank correlation coefficients or nonparametric 

gamma correlation. To identify potential risk factors for cancer 

metastasis to RLNs, all covariates that were found to be sig-

nificant in the correlation analysis were included in univariate 

and multivariate logistic regression analyses. A value of p < 

0.05 was considered to indicate statistical significance. 
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Figure 4. Different types of tumor microvessels and structures with partial endothelial linings in lung squamous cell carcinoma. a normal 

microvessels; b: dilated capillaries; c: atypical dilated capillaries (arrows); d: structure with partial endothelial lining; e: dilated capillaries 

with weak expression of CD34 (arrows); f: contact-type dilated capillary (arrow); g: capillaries in the solid component of the tumor; h: ca-

pillaries in lymphoid and polymorphic cell infiltrates (arrows). Staining with antibodies against CD34; magnification: a, c--h – 800x; b – 200x 

3. Results 

The results of the correlation analysis used to establish the relationships among the tumor MVs, the clinical and pathological 

characteristics of malignant neoplasms and the risk of regional metastasis are presented in Table 2. 

Table 2. Results of the correlation analysis. 

Characteristics of malignant tumors Gamma coefficient P 

Histology 0,680515 0.0000* 

Т stage (Gamma Correlations) 0,659919 0.0000* 

Tumor grade (Gamma Correlations) 0,330748 0.0000* 

MVD 0,025287 0.792 

DCs 0,213919 0,191 

ADCs 0,095410 0,323 
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Characteristics of malignant tumors Gamma coefficient P 

SPELs 0,389671 0,0004* 

DCs with weak expression of CD34 0,538965 0.0000* 

Contact-type DCs (in squamous cell carcinomas) 0,549409 0.0000* 

Capillaries in the tumor solid component (in squamous cell carcinomas) 0,249118 0.005* 

Capillaries in lymphoid and polymorphic cell infiltrates (in squamous cell carcinomas) -0,047619 0,911 

Peritumoral retraction clefting 0,547855 0.0000* 

 

Thus, according to the obtained results, histology, T stage, 

tumor grade, SPELs, DCs with weak expression of CD34, and 

peritumoral retraction clefting were included in the univariate 

and multivariate analyses. In squamous cell carcinoma, con-

tact-type DCs, capillaries in the solid component of the tumor, 

and capillaries in lymphoid and polymorphic cell infiltrates 

were additionally included in the analysis. The results of 

univariate and multivariate analyses for the overall group of 

patients and separately for glandular and squamous cell car-

cinomas are presented in Tables 3-5. 

Table 3. Results of univariate and multivariate analyses for the overall group of patients. 

Characteristics Univariate analysis OR (95%CI) P value Multivariate analysis OR (95%CI) P value 

Histology 

Squamous cell cervical cancer 1 - 1 - 

Breast cancer 12.07(3.93-37.05) 0.0000* 1.37(0.35-5.34) 0.649 

Gastric cancer 10.17(3.34-30.93) 0.0000* 0.761(0.18-3.15) 0.707 

Squamous cell lung cancer 41.20(14.24-119.18) 0.0000* 3.84(1.09-13.62) 0.0361* 

T stage 

T1 1 - 1 - 

T2 7.64(4.42-13.2) 0.0000* 3.53(1.78-7.03) 0.0003* 

T3 12.06(6.42-22.65) 0.0000* 7.27(3.02-17.47) 0.0000* 

Tumor grade 

G1 1 - 1 - 

G2 0.85(0.49-1.45) 0.549 1.20(0.60-2.39) 0.603 

G3 3.14(1.96-5.06) 0.0000* 1.75(0.91-3.38) 0.094 

LVI 

No 1 - 1 - 

Presence 5.99(3.83-9.35) 0.0000* 3.29(1.89-5.72) 0.0000* 

Structures with partial endothelial lining 

No 1 -   

Presence 1.44(0.96-2.16) 0.07   

DCs with weak expression of CD34 

No 1 - 1 - 

Presence 1.53(1.03-2.29) 0.037* 0.95(0.56-1.63) 0.851 

Peritumoral retraction clefting 
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Characteristics Univariate analysis OR (95%CI) P value Multivariate analysis OR (95%CI) P value 

No 1 - 1 - 

Presence 3.65(2.39-5.58) 0.0000 2.17(1.23-3.84) 0.0073* 

Thus, in the overall group of patients, in univariate analysis, breast cancer, gastric cancer and squamous cell lung cancer; T2 

and T3 stages; tumor grade 3; LVI; DCs with weak expression of CD34; and peritumoral retraction clefting were associated with 

a high risk of regional metastasis. However, in the multivariate analysis, only squamous cell lung cancer, T2 and T3 stage, LVI 

and peritumoral retraction clefting were associated with a high risk of metastasis. 

Table 4. Results of univariate and multivariate analyses in the group of patients with breast cancer and gastric cancer. 

Characteristics Univariate analysis OR (95%CI) P value Multivariate analysis OR (95%CI) P value 

Histology 

Breast cancer 1 -   

Gastric cancer 0.87(0.44-1.70) 0.684   

T stage 

T1 1 - 1 - 

T2 3.68(1.40-9.69) 0.0082 4.79(1.53-14.96) 0.007 

T3 13.93(4.80-40.42) 0.0000 24.85(6.05-102.12) 0.0000 

Tumor grade 

G1 1 - 1 - 

G2 1.07(0.49-2.32) 0.866 0.34(0.11-1.05) 0.0612 

G3 8.28(2.60-26-37) 0.0003* 16.49(3.74-72.67) 0.0002 

LVI 

No 1 - 1 - 

Presence 3.32(1.60-6.89) 0.0013 2.54(1.03-6.31) 0.0440* 

Structures with partial endothelial lining 

No 1 - 1 - 

Presence 2.26(1.10-4.65) 0.0268* 0.88(0.18-4.20) 0.8595 

DCs with weak expression of CD34 

No 1 -   

Presence 1.33(0.66-2.61) 0.4120   

Peritumoral retraction clefting 

No 1 - 1 - 

Presence 2.43(1.12-5.28) 0.0251* 1.81(1.08-2.36) 0.0077 

 

In the group of patients with glandular cancers, in univari-

ate analysis, T2 and T3 stages, tumor grade 3, LVI, structures 

with partial endothelial lining and the presence of peritumoral 

retraction clefting were associated with a high risk of regional 

metastasis. However, in the multivariate analysis, only T2 and 

T3 stage, tumor grade 3, the presence of LVI and peritumoral 

retraction clefting were independent predictors of a high risk 

of regional metastasis. 
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Table 5. Results of univariate and multivariate analyses in patients with squamous cell carcinomas of the cervix and lung. 

Characteristics Univariate analysis OR (95%CI) P value Multivariate analysis OR (95%CI) P value 

Histology 

Squamous cell cervical cancer 1 - 1 - 

     

Squamous cell lung cancer 56.83(17.04-189.60) 0.0000 4.88(0.99-27.26) 0.07 

T stage 

T1 1 - 1 - 

T2 12.56(6.27-25.19) 0.0000 3.85(1.37-10.78) 0.0104* 

T3 11.31(5.12-24.98) 0.0000 5.44(1.58-18.67) 0.0071* 

Grade 

G1 1 - 1 - 

G2 0.79(0.37-1.67) 0.5346 0.82(0.34-1.97) 0.6620 

G3 2.97(1.66-5.28) 0.0002 1.05(0.39-2.87) 0.9180 

LVI 

No 1 - 1 - 

Presence 9.33(5.21-16.73) 0.0000 3.62(1.64-7.98) 0.0014* 

Structures with partial endothelial lining 

No 1 -   

Presence 1.44(0.85-2.43) 0.1700   

DCs with weak expression of CD34 

No 1 - 1 - 

Presence 1.67(1.01-2.78) 0.0473* 0.99(0.45-2.17) 0.9822 

DCs of "contact type" 

No 1 - 1 - 

Presence 3.44(2.01-5.87) 0.0000* 4.10(1.82-9.26) 0.0007* 

The capillaries in the tumor solid component 

No 1 - 1  

Presence 1.66(1.02-2.81) 0.0471* 3.24(1.44-7.30) 0.0046* 

Peritumoral retraction clefting 

No 1 1 1 - 

Presence 6.36(3.62-11.17) 0.0000* 4.19(1.85-9.51) 0.0006* 

 

The most significant association between the risk of re-

gional metastasis and different types of tumor MVs was ob-

served in patients with squamous cell carcinomas. In uni-

variate analysis, the risk of regional metastasis was associated 

with lung cancer, T2 and T3 stages, tumor grade 3, the pres-

ence of LVI, DCs with weak expression of CD34, DCs of the 

"contact type", capillaries in the solid tumor component and 

the presence of peritumoral retraction clefting. In multivariate 

analysis, independent predictors of the risk of regional me-

tastasis were T stage, the presence of LVI, DCs of "contact 

type", capillaries in the solid tumor component and peritu-

moral retraction clefting. Histology and tumor grade were not 

associated with the risk of regional metastasis. 
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4. Discussion 

One of the key factors of tumor progression is metastasis to 

RLNs. The number and location of regional metastases in-

fluence overall survival and relapse-free survival in patients 

with malignant neoplasms, including those with gastric cancer 

[39, 40], breast cancer [41, 42], cervical cancer [43, 44], and 

lung cancer [45, 46]. Although tumor angiogenesis is cur-

rently considered a key factor associated with regional and 

distant metastasis, many questions remain that have not been 

answered. In most studies, the correlations between angio-

genesis activity and the risk of regional metastasis were as-

sessed in accordance with the tumor microvascular density 

(MVD), which was determined by IGH using markers such as 

CD34, CD31, CD133, endocan, and PDPN. However, the 

data concerning the relationship between tumor MV density 

and the risk of regional metastasis are quite contradictory. 

Some authors have reported that high tumor MVD is associ-

ated with an increased risk of regional metastasis [47-49] or 

decreased survival in patients with malignant neoplasms 

[50-52]. Other authors have not found a convincing associa-

tion between tumor MVD and the risk of regional metastasis 

[53, 54]. Moreover, some studies have noted that, for example, 

hypovascular pancreatic tumors with low MVD and fibrous 

stroma are more aggressive than tumors with increased MVD 

[55]. Some researchers have noted that the presence of high 

endothelial venules in tumors is associated with a low risk of 

regional metastasis and a better prognosis in various malig-

nancies [56]. In addition, a number of studies have noted that 

a high density of CD31-positive MVs is associated with a 

better prognosis in patients with malignancies [57], including 

cervical cancer [58]. Some authors noted that only certain 

types of tumor MVs are important for disease prognosis, such 

as collapsed MVs in non-small cell lung cancer [59], or noted 

the importance of determining the distance from tumor cells 

to MVs to assess the risk of regional metastasis [60]. A 

number of studies have noted a relationship between endo-

thelial markers and the risk of regional metastasis [61-63]. 

In this way, the results of studies assessing the clinical sig-

nificance of angiogenesis are contradictory because tumor 

vessels are heterogeneous and differ in origin, morphology, and 

clinical significance [8, 21, 23, 30, 31]. Currently, several 

classifications of tumor MVs have been developed on the basis 

of their degree of maturity [21, 23, 30, 32, 33]. However, these 

classifications do not reflect the diversity of tumor MVs or their 

relationship with factors associated with malignant neoplasm 

progression. As an alternative, we have proposed a new classi-

fication of tumor MVs on the basis of their morphological 

features and correlations with the clinicopathological charac-

teristics of malignant neoplasms [34-38]. In this study, we 

summarize the obtained results and establish the predictive 

value of different types of tumor MVs for assessing the risk of 

regional metastasis in glandular and squamous cell carcinomas. 

Analysis of the predictive value of different types of tumor 

MVs revealed that common independent predictors of re-

gional metastasis for glandular and squamous cell carcinomas 

are the T stage of the disease, the presence of LVI and peri-

tumoral retraction clefting. According to the univariate anal-

ysis, tumor histological structure was the most significant 

factor associated with the risk of metastasis to RLNs. How-

ever, in multivariate analysis, tumor histological structure lost 

its predictive value since the risk of regional metastasis de-

pends primarily on the T stage of cancer. 

In squamous cell and glandular cancers, significant dif-

ferences in the predictive value of different markers asso-

ciated with angiogenesis have been noted. In glandular 

cancers, in univariate analysis, in addition to the above 

factors, structures with partial endothelial linings are as-

sociated with the risk of regional metastasis. However, in 

multivariate analysis, these markers lost their predictive 

value. In contrast to glandular cancers, in squamous cell 

carcinomas, in both univariate and multivariate analyses, 

independent predictors of a high risk of regional metastasis 

are "contact-type" DCs, capillaries in the solid component 

of the tumor and peritumoral retraction clefting. Notably, 

DCs with weak expression of CD34 and tumor grade were 

associated with the risk of regional metastasis only in 

univariate analyses. 

Of particular interest is the phenomenon of peritumoral 

retraction clefting. This phenomenon manifests as the pres-

ence of a cavity without an endothelial lining around the 

tumor glands or tumor cell clusters [64]. Several studies have 

pointed to the diagnostic and prognostic significance of this 

artifact, establishing that the presence of retraction clefts may 

be associated with a high risk of metastasis to RLNs and a 

poor prognosis in various malignancies, including breast 

cancer [65-67]. Our interest in this phenomenon is because we 

assume that there is a special type of angiogenesis, which we 

call the “cavity” type of angiogenesis and which explains a 

possible mechanism for the formation of tumor cell clusters in 

tumor MVs [21]. We suggest that as a result of a violation of 

the adhesive properties of tumor cells, their retraction from 

the underlying stroma may occur with the formation of re-

traction clefts with tumor cells in the lumen. The inner surface 

of the retraction clefts may subsequently be partially or com-

pletely lined by ECs. The endothelium-lined structures can 

then merge with blood or lymphatic vessels, which leads to 

the entry of tumor cell clusters into the lumen of the vessels. 

The characteristic features of the described method of tumor 

MV formation are the presence of peritumoral retraction 

clefting, SPELs, and vessels with tumor cell clusters in the 

lumen. In gastric cancer, breast cancer, squamous cell cervical 

cancer, and squamous cell lung cancer, the presence of peri-

tumoral retraction clefting is correlated with the presence of 

metastases in the RLN and is associated with a high risk of 

disease recurrence [34-38]. Some studies have demonstrated 

that circulating tumor cell clusters are associated with a 

greater risk of metastasis and relapse than single circulating 

tumor cells are. 
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5. Conclusion 

Thus, the results of this study indicate that when assessing the 

risk of regional metastasis, it is advisable to consider the pres-

ence of peritumoral retraction clefting in both glandular and 

squamous cell carcinomas. In addition, in squamous cell carci-

nomas, the accuracy of assessing the risk of regional metastasis 

can be increased by taking into account "contact type" DCs and 

capillaries in the solid component of the tumor. Close contact of 

the described vessels with tumor cells apparently facilitates their 

invasion into the lumen of blood vessels. Given the data on the 

role of circulating tumor cell clusters in the progression of ma-

lignant neoplasms, the study of the role of peritumoral retraction 

clefting in their formation is of undoubted interest. Our findings 

have several limitations related to the single-center nature of the 

study, significant heterogeneity of patients by histology and 

stage of the disease, and the descriptive nature of the character-

istics of different types of tumor MVs. Many questions remain 

regarding the origin of different types of tumor MVs and the cells 

lining these vessels. We believe that further study of the charac-

teristics of different types of tumor MVs will contribute to a 

better understanding of the mechanisms of tumor progression 

associated with metastasis and the identification of promising 

directions for their treatment. 
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