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Abstract

BACKGROUND

Lung cancer (LC) is the leading cause of morbidity and mortality among mali-
gnant neoplasms. Improving the diagnosis and treatment of LC remains an urgent
task of modern oncology. Previously, we established that in gastric, breast and
cervical cancer, tumor microvessels (MVs) differ in morphology and have diff-
erent prognostic significance. The connection between different types of tumor
MVs and the progression of LC is not well understood.

AIM
To evaluate the morphological features and clinical significance of tumor MVs in
lung squamous cell carcinoma (LUSC).

METHODS

A single-center retrospective cohort study examined medical records and archival
paraffin blocks of 62 and 180 patients with stage I-IIIA LUSC in the training and
main cohorts, respectively. All patients underwent radical surgery (R0) at the
Orenburg Regional Cancer Clinic from May/20/2009 to December/14/2021.
Tumor sections were routinely processed, and routine Mayer's hematoxylin and
eosin staining and immunohistochemical staining for cluster of differentiation 34
(CD34), podoplanin, Snail and hypoxia-inducible factor-1 alpha were performed.
The morphological features of different types of tumor MVs, tumor parenchyma
and stroma were studied according to clinicopathological characteristics and
LUSC prognosis. Statistical analysis was performed using Statistica 10.0 software.
Univariate and multivariate logistic regression analyses were performed to
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identify potential risk factors for LUSC metastasis to regional lymph nodes (RLNs) and disease recurrence.
Receiver operating characteristic curves were constructed to discriminate between patients with and without
metastases in RLNs and those with and without disease recurrence. The effectiveness of the predictive models was
assessed by the area under the curve. Survival was analyzed using the Kaplan-Meier method. The log-rank test
was used to compare survival curves between patient subgroups. A value of P < 0.05 was considered to indicate
statistical significance.

RESULTS

Depending on the morphology, we classified tumor vessels into the following types: normal MVs, dilated
capillaries (DCs), atypical DCs, DCs with weak expression of CD34, "contact-type" DCs, structures with partial
endothelial linings, capillaries in the tumor solid component and lymphatic vessels in lymphoid and polymorpho-
cellular infiltrates. We also evaluated the presence of loose, fine fibrous connective tissue (LFFCT) and retraction
clefts in the tumor stroma, tumor spread into the alveolar air spaces (AASs) and fragmentation of the tumor solid
component. According to multivariate analysis, the independent predictors of LUSC metastasis in RLNs were
central tumor location (P < 0.00001), the presence of retraction clefts (P = 0.003), capillaries in the tumor solid
component (P = 0.023) and fragmentation in the tumor solid component (P = 0.009), whereas the independent
predictors of LUSC recurrence were tumor grade 3 (G3) (P = 0.001), stage N2 (P = 0.016), the presence of LFFCT in
the tumor stroma (P < 0.00001), fragmentation of the tumor solid component (P = 0.0001), and the absence of tumor
spread through the AASs (P = 0.0083).

CONCLUSION
The results obtained confirm the correctness of our previously proposed classification of different types of tumor
vessels and may contribute to improving the diagnosis and treatment of LUSC.

Key Words: Lung cancer; Lung squamous cell carcinoma; Tumor microvessels; Tumor stroma; Regional lymph node
metastases; Disease recurrence; Disease prognosis

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: In this retrospective study, we examined the morphology of different types of tumor microvessels, tumor
parenchyma, and tumor stroma and their associations with the risk of regional metastasis and disease recurrence in lung
squamous cell carcinoma (LUSC) patients. Independent predictors of LUSC metastases in regional lymph nodes were the
central location of the tumor (P < 0.00001), the presence of retraction clefts (P = 0.003), capillaries in the solid component
of the tumor (P = 0.023) and fragmentation of the solid component of the tumor (P = 0.009), while independent predictors of
LUSC recurrence were tumor grade 3 (P =0.001), N2 stage (P = 0.016), the presence of loose fine fibrous connective tissue
in the tumor stroma (P < 0.00001), fragmentation of the tumor solid component (P = 0.0001) and the absence of tumor
spread through the alveolar air spaces (P = 0.0083). These findings may help improve the diagnosis and treatment of LUSC.
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INTRODUCTION

Lung cancer (LC) is the leading cause of morbidity and mortality among malignant neoplasms[1,2]. There are two main
histological forms of LC: Non-small cell LC (NSCLC) and small cell LC (SCLC). NSCLC accounts for up to 80% of all LC
cases[3], 20% to 67.5% of which are lung squamous cell carcinomas (LUSC)[4-6]. Despite a decrease in the incidence of
NSCLC, mortality rates remain very high and are associated with late diagnosis, an aggressive course of the disease even
in the early stages, and the presence of severe comorbidities in patients older than 60 years; these conditions prevail
among patients with NSCLC, and radical treatment is often impossible for these patients.

Although both LUSC and lung adenocarcinoma are classified as NSCLC, increasing evidence suggests that these
cancers have different origins, different mutational profiles, different biological behaviors, different sensitivities to drugs
and radiation therapy (RT), and different disease prognoses[4,7,8]. The development of LUSC is preceded by squamous
metaplasia of the bronchial epithelium, which is closely associated with smoking. In addition, alcohol consumption;
infections such as human papillomavirus and Epstein-Barr virus[4,7]; and environmental pollution also increase the risk
of LUSC[9]. LUSC can have both central and peripheral localization and is characterized by a high rate of genetic
mutations, chromosomal instability, and a high degree of cellular heterogeneity[7,10]. Late diagnosis and the lack of
treatment methods specific for this disease determine the high mortality rate from this pathology, which is almost 30%
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greater than the mortality rate from lung adenocarcinomal4,8].

The choice of optimal treatment for LUSC, determining the indications for neoadjuvant and adjuvant therapy, is based
on an assessment of the risk of disease relapse[11,12]. Currently, this assessment is based on disease stage, histopatho-
logical features and genetic alterations. However, for LUSC patients with the same clinicopathological and molecular
genetic characteristics, the response to treatment and survival rates can differ significantly[11,13,14]. Thus, the search for
new prognostic and predictive markers of LUSC has not lost relevance.

Angiogenesis is one of the key factors in tumor progression[15,16]. Its activation is associated with hypoxia, inflam-
matory processes, epithelial-mesenchymal transition (EMT), the formation of the phenotype of stem cells, and other
factors[16-18]. Assessment of angiogenesis activity is currently considered the most important factor associated with
disease prognosis and therapeutic effectiveness[16,19,20].

Previously, in gastric cancer, breast cancer, and squamous cell carcinoma of the cervix, we proposed a classification of
tumor microvessels (MVs) based on their morphology and correlations with the clinical and pathological characteristics
and prognosis of these diseases[21-23]. The aim of this study was to evaluate the morphological features and clinical
significance of various types of tumor MVs, as well as tumor parenchymal and stromal components, in LUSC.

MATERIALS AND METHODS

Patient characteristics

This single-center retrospective cohort study of the "case-control" type was conducted in accordance with the Helsinki
Declaration and internationally recognized guidelines after receiving study approval from the Ethics Committee of
Orenburg State Medical University (No. 281, dated 30 September 2021). One hundred eighty archived paraffin blocks of
patients with LUSC stages I-IIIA were retrieved from the tumor bank of the Orenburg Regional Cancer Clinic. All
patients underwent radical surgery (RO) at this clinic from May/20/2009 to December/14/2021. None of the patients
included in the study underwent preoperative chemotherapy (ChT) or RT. The patients did not receive steroids,
nonsteroidal anti-inflammatory drugs, or antihistamines and had no significant comorbid pathologies in the deco-
mpensation stage.

The age of the patients was 61.6 * 6.7 years (median 62 years). There were 174 men and 6 women. The right lung was
affected in 93 (51.7%) patients, and the left lung was affected in 87 patients (48.3%). The tumor was localized in the upper
lobe in 102 (56.7%) patients, in the middle lobe in 5 (2.8%), in the lower lobe in 49 (27.2%), and in the main bronchus in 24
(13.3%).

To study the features of the tumor MV morphology and their correlations with clinical and morphological character-
istics and disease prognosis, 20 archived paraffin blocks of patients with stage I LUSC, 22 with stage II LUSC and 20 with
stage IIIA LUSC were randomly selected. The patients composed the training cohort. There were no differences in age,
type, comorbidity status, histology or tumor grade between the main and training groups of patients, while differences in
the volume of surgery and adjuvant therapy were because, in the main cohort, there was a greater percentage of patients
with locally advanced LUSC. In addition, it should be noted that in the training cohort, a greater percentage of patients
received postoperative radiotherapy as an adjuvant treatment. This is because patients in this group received treatment
between 2009 and 2013. During this period, radiotherapy was most commonly used as an adjuvant treatment for LUSC.
However, over the past 10 years, ChT or chemoradiotherapy has been used most often as an adjuvant treatment for LC.
The baseline patient clinicopathological and treatment information is shown in Table 1.

During the observation period, 27 (15.0%) patients were diagnosed with cancer in other locations: Prostate cancer in 12
(6.7%), nasal mucosa cancer in 4 (2.2%), skin cancer in 7 (3.9%), bladder cancer in 1 (0.6%), laryngeal cancer in 1 (0.6%),
breast cancer in 1 (0.6%), and colon cancer in 1 (0.6%).

As of January/31/2023, 84 (46.7%) patients were alive. LUSC recurrence was diagnosed in 95 (52.8%) patients, 83 of
whom died from disease progression; 13 (7.2%) patients with LC died from nononcological pathology. LUSC recurrence
was local in 44 (24.4%) patients, systemic in 41 (22.7%), and local and systemic in 7 (3.9%). In particular, metastases to the
lungs and pleura were detected in 30 (16.7%) patients; to the mediastinum, 15 (8.3%); to the liver, 10 (5.6%); to the brain, 5
(2.8%); to the cervical lymph nodes, 3 (1.7%); and to the bones, 6 (3.3%). Multiple metastases were detected in 24 (13.3%)
patients. Forty-four patients received 1 to 4 courses of mono- or polychemotherapy due to LC recurrence. Eight patients
with LC relapse continued to receive monochemotherapy.

In 2020-2022, six patients were treated for COVID-19, and one patient died from a new coronavirus infection. The
median follow-up period was 66 months for patients in the main cohort and 72 months for patients in the training cohort.

Pathology

Sections (4 pm) were cut on a microtome and transferred to glass slides (SuperFrost® Plus, Menzel, Thermo Scientific,
United States). Sections were stained with Mayer's hematoxylin and eosin (H&E) and studied via light microscopy
(Levenhuk D740T digital microscope connected to a 5.1 MP camera, Russia). At 200 X magnification, the presence or
absence of loose, fine fibrous connective tissue (LFFCT) in the tumor stroma, fragmentation in the tumor solid com-
ponent, retraction clefts and tumor spread through the alveolar air spaces (AASs) were determined.

Immunohistochemistry

The morphology of the tumor MVs was studied via immunohistochemical staining of histological sections with antibodies
against cluster of differentiation 34 (CD34) and podoplanin (PDPN). For immunohistochemistry (IHC), 4-pm sections
were stained with the following antibodies: Monoclonal antibody against CD34, 1:100 dilution; polyclonal antibody
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Table 1 Baseline patient clinicopathological and treatment information

Patient groups
Clinical and pathological data Main cohort (n = 180) Training cohort (n = 62) Significance level (P value)
n % n %

Age (yr)
<60 60 33.3 20 32.3 0.897
60-69 98 54.5 33 53.2
270 22 12.2 9 14.5

Tumor location
Central 119 66.1 38 61.3 0.493
Peripheral 61 33.9 24 38.7

Comorbidity
Absence 22 12.2 8 12.3 0.888
Presence 158 87.8 54 87.7

Histology
KsCC 56 311 21 33.9 0.687
NKSCC 124 68.9 41 66.1

Tumor grade
G1 57 31.7 23 37.1 0.325
G2 88 48.9 32 51.6
G3 B 19.4 7 11.3

T stage
Tla 9 5.0 8 12.9 0.039°
T1b 15 83 6 9.7
T2a 82 45.6 34 54.8
T2b 17 9.4 5 8.1
T3 57 31.7 9 14.5

N stage
NO 48 26.7 22 35.5 0411
N1 88 48.9 26 41.9
N2 44 24.4 14 22.6

Stage
I 30 16.7 20 32.3 0.03"
II 73 40.6 22 324
11 77 42.8 20 32.3

Type of surgery
Lobectomy 84 46.7 40 64.4 0.001"
Bilobectomy 6 3.3 5 8.1
Pneumonectomy 86 47.8 13 21.0
Segmentectomy 4 22 4 6.5

Adjuvant therapy
Absent 51 28.3 27 435 0.002*
Chemotherapy 68 37.8 10 16.1
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Radiation therapy 38 211 21 33.9

Chemo- and radiotherapy 23 128 4 6.5

4P < 0.05, the differences between groups are statistically significant.
KSCC: Keratinizing squamous cell carcinoma; NKSCC: Nonkeratinizing squamous cell carcinoma.

against PDPN, 1:50 dilution; polyclonal antibody against Snail homolog 1 (SNAI1), 1:100 dilution; and polyclonal
antibody against hypoxia-inducible factor-1 alpha (HIF-1a), 1:200 dilution (Cloud-Clone Corp®, Texas, United States).
Staining with antibodies against SNAI1 and HIF-1a was performed when fragmentation in the solid component of the
tumor was detected in the test samples. The staining procedure was performed according to the manufacturers' protocols
as described previously[23]. For the negative control sections, the primary antibodies were replaced with phosphate-
buffered saline, and the sections were processed in the same manner. All sections were carefully and completely scanned
by two of the authors (Evgeniy A Kalinin and Marina A Senchukova) without knowledge of the clinical and pathological
data. The MV density (MVD) was assessed by counting the number of CD34-positive and PDPN-positive normal MVs in
accordance with the international consensus on the methodology and criteria for the quantitative evaluation of angi-
ogenesis in human solid tumors[24]. The MVD was determined in five fields of view at high magnification (x 800) at the
selected "hot spots", that is, areas where positively stained vessels were highly concentrated.

The density of dilated capillaries (DCs), atypical DCs (ADCs) and structures with a partial endothelial lining (SPELSs)
was estimated at low magnification (x 200) in the three fields of view in the selected "hot spots". The presence or absence
of DCs with weak expression of CD34, contact-type DCs, lymphatic vessels (LVs) in lymphoid and polymorphic cell
infiltrates and tumor emboli in CD34-positive and PDPN-positive vessels was also assessed in the tumor samples.

Statistical analysis

Statistical analysis was performed using Statistica 10.0 software. Quantitative data are presented as the mean + SD, while
categorical variables are presented as numbers and percentages (1, %). Correlations between different data were
evaluated using the nonparametric Spearman's rank correlation or gamma correlation. Chi-square tests were carried out
to analyze the differences in distribution among the categorized data. The Mann-Whitney U nonparametric test was used
to compare the values of the quantitative data. Both univariate and multivariate logistic regression analyses were
performed to identify potential risk factors for LUSC metastasis to regional lymph nodes (RLNs) and disease recurrence.
Receiver operating characteristic (ROC) curves were constructed to discriminate between patients with and without
LUSC metastases in the RLNs and those with and without LUSC recurrence. The best threshold (cutoff) values were
determined by the largest Youden's index (J = sensitivity + specificity - 1). The effectiveness of the predictive models was
assessed by the area under the curve (AUC). Survival was analyzed using the Kaplan-Meier method. The log-rank test
was used to compare survival curves between patient subgroups. A value of P < 0.05 was considered to indicate statistical
significance.

RESULTS

Previously, in squamous cell carcinoma of the cervix, we proposed classifying tumor MVs into eight types according to
their size, shape, clarity of contours, localization, characteristics of the endothelial lining, intensity of CD34 and PDPN
staining, and content of the MV lumen[23]. The types of MVs described included normal MVs, DCs, ADCs, DCs with
weak CD34 expression, contact-type DCs, SPELSs, capillaries in the tumor solid component, and LVs in lymphoid and
polymorphocellular infiltrates. These tumor MVs not only differed in morphology but were also associated with different
clinical and morphological characteristics of squamous cell carcinoma of the cervix and long-term treatment results.

Identification of different types of tumor microvessels in LUSC specimens from the training patient cohort

In the first phase of this study, we identified eight previously described tumor MVs and endothelial-lined structures in 62
LUSC specimens (from the training patient cohort) via immunohistochemical staining with antibodies against CD34 and
PDPN (Figure 1). Here, is a brief description of them:

Normal MVs: The normal MVs were capillaries with a diameter of 5-40 microns (Figure 1A). The MVD was 14.0 £ 4.7 per
conventional unit area (range 2.4-28.8, median 13.3). The cytoplasm of some vessels of this type was positive when
stained with antibodies against PDPN.

DCs: DCs were defined as MVs larger than 40 microns in size that were regular in shape with clear, even contours
(Figure 1B). The DC density was 4.4 *+ 3.3 per conventional unit area (range 0-12.4, median 4.1), and it was significantly
greater along the invasive edge of the tumor than in the central region (P = 0.002). The cytoplasm of the endothelial cells
in these vessels was negative when stained with antibodies against PDPN.

ADCs: The ADCs were MVs larger than 40 microns in size and irregular in shape with a chaotic arrangement of
endothelial lining cells (Figure 1C). Tumor emboli and CD34-positive cells were often observed in the lumen of these
vessels. The endothelial lining of dilated lymphatic capillaries had similar characteristics, so we believe that some ADCs
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Figure 1 Different types of tumor microvessels. A: Normal microvessels. Scale bar = 10 um; B: Dilated capillaries (DCs). Scale bar = 100 um; C: Atypical
DCs with tumor emboli (orange arrows) and cluster of differentiation 34 (CD34)-positive cells (red arrow) in their lumen, Scale bar = 100 ym; D: Lymphatic capillary
with the chaotic arrangement of the endothelial cells. Scale bar = 10 um; E: DCs with weak expression of CD34 (orange arrows). Scale bar = 10 uym; F: Contact-type
DCs (orange arrow). Scale bar = 100 ym; G: Structures with partial endothelial lining (type 1, orange arrows), structures without endothelial lining (blue arrows) and
vessels with complexes of tumor cells in their lumen (red arrows). Scale bar = 100 um; H: Structures with partial endothelial lining (type 2). Scale bar = 10 um; I:
Capillaries in the tumor solid component (type 1). Scale bar = 100 um; J: Capillaries in the tumor solid component (type 2). Scale bar = 10 ym; K: Lymphatic capillary
in lymphoid and polymorphic cell infiltrates. Scale bar = 100 um; L: Lymphatic capillary in lymphoid and polymorphic cell infiltrates. Scale bar = 10 um scale; A-C, E-K:
Staining with antibodies against CD34; D and L: Staining with antibodies against PDPN.

were LVs (Figure 1D). The density of ADCs (CD34) was 7.7 + 3.9 per conventional unit area (range 1.0-19.4, median 7.5),
and the density of dilated LVs was 2.1 + 1.2 per conventional unit area (range 0.3-5.0, median 1.9).

DCs with weak expression of CD34: These vessels were defined as capillaries with a regular shape and smooth contours
and very weak, sometimes barely detectable, expression of CD34 in the endothelial cell cytoplasm. These cells had large,
pale nuclei with weakly condensed chromatin (Figure 1E). The average diameter of vessels of this type was 68.7 + 29.5
pm. The described vessels were observed only in LFFCT and were not stained with antibodies against PDPN; that is, they
were blood vessels. These vessels were identified in 26 (41.9%) of the LUSC samples.

The contact-type DCs: The described vessels were MVs, the walls of which were in direct contact with tumor cells. The
described MVs had a regular shape and clear, even contours (Figure 1F). The average diameter was 68.7 £ 29.5 pym. Some
vessels of this type were stained with PDPN; that is, they were LVs. Contact-type DCs were found in 36 (58.1%) of the
studied samples.

Structures with partial endothelial linings: Structures with partial endothelial linings were first described in gastric
cancer[21]. We observed two types of SPELs in both LUSC and squamous cell carcinoma of the cervix. The first type was
associated with retraction clefts. In tumor samples with type 1 SPELs, structures without an endothelial lining (retraction
clefts) and vessels with complexes of tumor cells in their lumen were often observed (Figure 1G). The described SPELs
were identified in 28 (45.2%) of the samples. In most cases, these structures were positive when stained with antibodies
against PDPN.

Type 2 SPELs were observed predominantly in the peritumoral stroma; they were often linear or irregular in shape and
were positive when stained with antibodies against CD34 and PDPN (Figure 1H). The density of CD34-positive SPELs
was 3.2 + 1.8 per arbitrary unit area (range 0.3-7.6, median 2.8), and the density of PDPN-positive SPELs was 1.2 + 1.0
(range 0-4.4, median 1.1).

Capillaries in the solid component of the tumor: We observed 2 types of such vessels. The first type of vessel consisted
of capillaries, the walls of which were in direct contact with tumor cells (Figure 11). The average diameter of these vessels
was 34 + 32.1 pm. There was no content in the lumen of the vessels, or it was represented by erythrocytes. Type 1
capillaries were found in 29.1% of the LUSC samples. The second type of vessel was linear capillaries whose walls were
retracted from tumor cells (Figure 1]). Vessels of the second type were found in 32.3% of the samples. In 35% of the
samples, capillaries of both types were observed in the solid component of the tumor. Both types of vessels were negative
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when stained with antibodies against PDPN.

LVs in lymphoid and polymorphic cell infiltrates: LVs in lymphoid and polymorphic cell infiltrates had very thin,
sometimes slightly noticeable endothelial linings when stained with antibodies against CD34 and were not visible when
stained with Mayer's H&E (Figure 1K). Lymphocytes or other leukocytes were found in large numbers in the lumen. All
vessels of this type were positive when stained with antibodies against PDPN (Figure 1L). The described vessels were
found in 32.3% of the LUSC samples.

Features of parenchymal and stromal tumor components in LUSC specimens from the training patient cohort
Considering the published data and our earlier results, we included the following features of the parenchymal and
stromal components of the tumor in the analysis:

The presence of LFFCT in the tumor stroma: LFFCT was rich in cells with large pale nuclei and weakly condensed
chromatin (Figure 2A). LFFCT was most often detected peritumorally and was noted in 57.8% of the LUSC samples.

The tumor spread through the AASs: In our study, tumor spread through the AASs was observed in 41 (66.1%) samples.
Only in 6 samples did tumor cells spread through relatively unchanged AASs (Figure 2B). In other samples, the walls of
the alveoli were thickened and contained DCs, sometimes merging with each other (Figure 2C). In the AASs, both
unchanged clusters of tumor cells and completely necrotic tumor masses were observed. In a number of samples, frag-
mentation of tumor masses that spread through the AASs was noted (Figure 2D).

The fragmentation of the tumor solid component: This phenomenon was defined as the appearance of individual
fibroblast-like tumor cells with nuclear expression of HIF-1a and Snail in the tumor solid component or in the tumor
masses spreading through the AASs (Figure 2E and F). This phenomenon was noted in 46 (68%) of the LUSC samples.

The presence of retraction clefts: This phenomenon has been described in some tumor types and involves the presence of
empty spaces around tumor nests[25,26]. Several studies have demonstrated that the presence of retraction clefts may be
associated with a poor prognosis in patients with various malignant tumors[27-29] or more aggressive tumors[30]. In
LUSC, retraction clefts were detected in 77% of the samples (Figure 2G). In 28 (45.2%) samples, the described structures
had partial endothelial linings (Figure 2H).

It should be noted that in some samples, the described phenomenon had to be differentiated from tumor spread
through AASs. The retraction of tumor nests from a pronounced stroma, presented by fibrous connective tissue, was
regarded as a retraction cleft.

Associations of different types of tumor microvessels and features of parenchymal and stromal tumor components

with clinical characteristics and prognosis in LUSC
The density of normal MVs (MVD), DCs, ADCs and SPELs according to the clinical and pathological characteristics and
prognosis of patients with LUSC are presented in Supplementary Table 1.

According to the obtained results, neither the density of the described vessels nor the SPELs were associated with the
presence of metastases in RLNs or the prognosis of LC. MVD was greater in patients younger than 60 years, in stage T2a
and T2b, in stage NO and N1, in nonkeratinizing squamous cell carcinoma (NKSCC), in the presence of LVI in the tumor
samples, and in patients with a high or moderate degree of tumor malignancy (G3 and G2); however, the differences in
the groups were not statistically significant (P > 0.05). The DC density was significantly lower in G3 than in G1 and G2 (P
= 0.04) and somewhat lower in the presence of LVI than in the absence of LVI; however, these differences were not statist-
ically significant (P > 0.05). Correlations between the density of ADCs or SPELs (CD34) and clinical and pathological
characteristics and LUSC prognosis have not been established; however, the LV density and density of SPELs (PDPN)
were significantly greater in peripheral LCs than in central LCs (P = 0.003 and P = 0.007, respectively). In addition, the
density of SPELs (PDPN) was greater in the presence of LVI than in the absence of LVI (P = 0.04).

Similarly, according to the ROC analysis data, neither the density of the described vessels nor the SPELs were
associated with the presence of RLN metastases (RLNM) or the prognosis of LC. The ROC analysis data are presented in
Supplementary Figure 1.

The data on the frequency of DCs with weak expression of CD34, DCs of contact type, capillaries in the solid com-
ponent of the tumor and LVs in lymphoid and polymorphic cell infiltrates, depending on the clinical and pathological
characteristics and prognosis of LUSC, are presented in Supplementary Table 2.

As shown in the data, DCs with weak expression of CD34 were detected significantly more often in patients with
LUSC recurrence than in patients without LUSC recurrence and somewhat more often in patients with keratinizing
squamous cell carcinoma (KSCC) than in patients with NKSCC (P > 0.05). In patients with and without disease relapse,
these vessels were detected in 61.5% and 27.8%, respectively (P = 0.008).

The analysis showed that contact-type DCs were detected significantly more often in stage I and IIIA LUSC than in
stage II (P = 0.04) and somewhat more often in peripheral LUSC than in central LUSC (P > 0.05) and in stage NO and N2
than in stage N1 (P > 0.05). However, in patients with stage II and IIIA LUSC, contact-type DCs were significantly more
often detected at stage IIIA than at stage II (70.0% vs 36.4%, respectively, P = 0.03); moreover, contact-type DCs were more
common in the presence of disease recurrence than in its absence (61.9% vs 33.3%, respectively, P = 0.06). It can be
cautiously assumed that for small tumors, vessels of this type can adequately provide tumor cells with oxygen, while for
large tumors, they can contribute to tumor progression, for example, by activating epithelial-mesenchymal tran-
sformation.
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Figure 2 Features of parenchymal and stromal tumor components. A: Loose, fine fibrous connective tissue in the tumor stroma. Scale bar = 10 ym; B:
Tumor spread through the unchanged alveolar air spaces (AASs). Scale bar = 100 um; C: Spread of the relatively unchanged clusters of tumor cells (red arrows) and
the completely necrotic tumor masses (orange arrows) through the AASs having thickened walls with dilated capillaries. Scale bar = 100 ym; D: Fragmentation of the
tumor masses spreading through the AASs. Scale bar = 100 ym; E: Positive nuclear expression of hypoxia-inducible factor-1 alpha (HIF-1a) in fibroblast-like tumor
cells. Scale bar = 10 um; F: Positive nuclear expression of Snail in fibroblast-like tumor cells. Scale bar = 10 um; G: Retraction clefts. Scale bar = 100 um; H:
Structures with partial endothelial lining (orange arrows). Scale bar = 100 ym. A and G: Mayer's hematoxylin and eosin staining; B, C and H: Staining with antibodies
against cluster of differentiation 34; E: Staining with antibodies against HIF-1a; F: Staining with antibodies against Snail.

There were no significant differences in the frequency of LVs in lymphoid and polymorphic cell infiltrates according to
clinical and morphological characteristics or the LUSC prognosis. These vessels were somewhat more common in stage
Tla and T3 than in stage T1b-T2b (P = 0.054), in stage I and IIIA than in stage II, in KSCC than in NKSCC, and in the
presence of LVI in the tumor samples than in the absence of LVI; however, the differences among the groups were not
statistically significant (P > 0.05).

We also investigated the correlations between tumor parenchymal and stromal component features and LUSC clinical
and pathological characteristics and disease prognosis. The data are presented in Supplementary Table 3.

The analysis revealed that LFFCT in the tumor stroma was significantly more common in the tumor samples from
patients with LUSC recurrence than in those from patients without LUSC recurrence (76.9% vs 44.4%, P = 0.01) and was
somewhat more common in the tumor samples from patients older than 70 years; in patients younger than 60 years, aged
60 to 70 years and older than 70 years, LFFCT was detected in 45.0%, 57.6% and 88.9% of the tumor samples, respectively
(P=0.16).

In turn, fragmentation in the tumor solid component was observed in 79.5%, 81.3% and 42.9% of the tumor samples
from patients with G1, G2 and G3, respectively (P = 0.09); in 70.0%, 72.7% and 100.0% of the tumor samples from patients
younger than 60 years, aged 60 to 70 years and older than 70 years, respectively (P = 0.18); in 50%, 50%, 79.4%, 100% and
88.9% of the tumor samples from patients in stages T1a, T1b, T2a, T2b and T3, respectively (P = 0.13); in 63.6%, 81.8% and
85.0% of the tumor samples from patients in stages NO, N1 and N2, respectively (P = 0.24); in 60.0%, 81.8% and 85.0% of
the tumor samples from patients in stages I, II and IIIA, respectively (P = 0.13); and in 84.0% and 69.4% of the tumor
samples from patients with and without disease recurrence, respectively (P = 0.17).

Retraction clefts were detected in 54.5%, 61.5% and 78.6% of the tumor samples from patients with stage NO, N1 and
N2 LUSC, respectively (P = 0.049).

Tumor spread through the AASs was significantly more often detected in patients with peripheral LUSC than in those
with central LUSC (78.9% vs 41.7%, P = 0.003); in the NO stage than in the N1 and N2 stages (90.9% vs 50.0% and 50.0%, P
= 0.006); and in patients with stage I LUSC than in those with stage II or IIIA LUSC (90.0% vs 54.5% and 50.0%, resp-
ectively, P = 0.03).

Correlations between the different types of tumor microvessels and characteristics of the parenchymal and stromal

components of LUSC
Considering that tumor MVs form in the altered stroma, we analyzed the correlations of different types of tumor MVs
with the features of the stromal and solid components of the tumor. The results are shown in Table 2.

According to the data obtained, the most significant correlations (P < 0.01) were: (1) A negative correlation of MVD
density with tumor spread in the AASs; (2) positive correlations of ADC density with the presence of tumor destruction
and fragmentation in the tumor solid component and a negative correlation with the presence of LFFCT in the tumor
stroma; (3) positive correlations of SPEL density with retraction clefts and tumor spread in the AASs; (4) positive correl-
ations of DCs with weak expression of CD34 with LFFC in the tumor stroma; and (5) positive correlations of contact-type
DCs with the presence of LFFC in the tumor stroma and the presence of retraction clefts.

Univariate and multivariate logistic regression results

Considering the obtained results, to evaluate the independent predictors associated with the risk of LUSC metastasis in

Guieidenge  VVICO | https:/ /www.wjgnet.com 621 May 24,2024 | Volumel5 | Issue5 |


https://f6publishing.blob.core.windows.net/6a3af7ea-5c77-4eb7-a65f-ce98b6319a92/WJCO-15-614-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/6a3af7ea-5c77-4eb7-a65f-ce98b6319a92/WJCO-15-614-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/6a3af7ea-5c77-4eb7-a65f-ce98b6319a92/WJCO-15-614-supplementary-material.pdf

Senchukova MA et al. Tumor microvessels in squamous cell lung cancer

Table 2 Correlations between different types of tumor microvessels and characteristics of the parenchymal and stromal components of

lung squamous cell carcinoma

Fragmentation in the tumor  The presence of LFFCT in Tumor spread in the

Retraction clefts

solid component the tumor stroma AASs

Gamma P value Gamma P value Gamma Pvalue  Gamma P value
MVD 0.240 0.24 0.034 0.84 0.042 0.79 -0.537 0.002°
DCs 0.064 0.66 0.014 0.90 0.211 0.06 -0.251 0.04
ADCs 0.555 0.0006° -0.537 0.0005° 0.115 0.45 0.248 0.15
SPELs 0.071 0.65 0.124 0.43 0517 0.0006 0.435 0.007°
DCs with weak expression of 0.297 0.14 0.943 0.0000" 0.193 0.21 -0.210 0.22
CD34
Contact-type DCs 0.344 0.03° 0.502 0.001° 0.666 0.0000° -0.077 0.66
The capillaries in the tumor ~ 0.040 0.82 0.009 0.96 0.231 0.16 -0.069 0.72
solid component
LVs in lymphoid and -0.538 0.001° 0.054 0.75 0.284 0.07 0.302 0.08

polymorphic cell infiltrates

2P < 0.05, the differences between groups are statistically significant.
AASs: Alveolar air spaces; ADCs: Atypical dilated capillaries; DCs: Dilated capillaries; LFFCT: Loose, fine fibrous connective tissue in the tumor stroma;
LVs: Lymphatic vessels; MVD: Microvessel density; SPELs: Structures with partial endothelial lining; CD34: Cluster of differentiation 34.

RLNs and the risk of disease recurrence in the main group of patients, the following predictors were included in the
univariate and multivariate analyses: Patient age, tumor location, histology, tumor grade, T stage, N stage, TNM stage,
DCs with weak expression of CD34, contact-type DCs, capillaries in the tumor solid component, LFFCT in the tumor
stroma, fragmentation in the tumor solid component, retraction clefts and tumor spread through the AASs.

Risk factors for regional lymph node metastases in patients with LUSC
The results of univariate and multifactorial logistic regression analyses of risk factors for RLNM in patients with LUSC
are presented in Table 3.

According to the univariate logistic regression analysis, we identified 5 prognostic factors associated with the risk of
RLNM, namely, tumor location, T stage, capillaries in the tumor solid component, fragmentation in the solid component
of the tumor and retraction clefts. All of these factors, with the exception of T stage, were found to be independent
predictors of RLNM. The risk of RLNM was significantly greater in patients with capillaries in the tumor solid
component, fragmentation in the tumor solid component and retraction clefts in the tumor tissue and in patients with
central LUSC.

We summarized the ORs of the independent predictors for each patient in the main and training groups. For example,
for a patient with peripheral LUSC [odds ratio (OR) = 1], capillaries in the solid component of the tumor (OR = 2.72) and
retraction clefts (OR = 3.53), without fragmentation in the solid component of the tumor (OR = 1), this number was 8.25 (1
+2.72 +3.53 + 1). On the basis of these results, ROC curves were constructed to discriminate between patients with and
without RLNM (Figure 3A and B).

For patients in the main cohort, the AUC was 0.784 (DI = 0.71 - 0.915, P < 0.0001), and for the training cohort, the AUC
was 0.853 (DI = 0.766 - 0.94, P < 0.0001). When the OR sum (ORS) was greater than or equal to 12.52 (cutoff), 89 (87.25%)
of the 102 patients in the main groups and 23 (100%) of the 23 patients in the training group had metastases in the RLNs.
The sensitivity, accuracy and specificity of the method for the main cohort were 66.9%, 68.9% and 72.9%, respectively; for
the training cohort, they were 60%, 74.2% and 100%, respectively. Interestingly, in 8 of the 13 patients in the main group
with an ORS of 12.52 or more without metastases in RLNs, local (4 patients) or systemic (4 patients) recurrence of the
disease was noted within 3 years.

Risk factors associated with LUSC recurrence
The results of univariate and multivariate analyses evaluating the independent factors associated with the risk of LUSC
recurrence are presented in Table 4.

According to the univariate logistic regression analysis, we identified 8 prognostic factors associated with the risk of
LUSC recurrence, namely, G3, N2 stage, stage IIIA, the presence of adjuvant ChT (A-ChT), the presence of DCs with
weak expression of CD34, capillaries in the tumor solid component, LFFCT in the tumor stroma and fragmentation in the
tumor solid component, as well as the absence of tumor spread through the AASs. However, only tumor grade 3, N2
stage, the presence of LFFCT in the tumor stroma, fragmentation of the tumor solid component, and the absence of tumor
spread through the AASs were found to be independent predictors of a high risk of LUSC recurrence.
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Table 3 Univariate and multifactorial logistic regression analysis of risk factors for regional lymph node metastases in patients with

lung squamous cell carcinoma

Characteristic Univariate analysis, OR (95%Cl) P value Multivariate analysis, OR (95%Cl) P value
Age

<60 1 .

60-69 1.48 (0.71-3.07) 0.291

>70 0.75 (0.27-2.10) 0.584

Tumor location

Peripheral 1 - 1 -

Central 4.77 (2.36-9.63) 0.0000° 7.80 (3.33-18.26) 0.0000°
Histology

KscC 1 -

NKSCC 0.77 (0.37-1.60) 0.482

Tumor grade

G1 1 -
G2 1.07 (0.50-2.29) 0.858

G3 0.78 (0.31-1.97) 0.597

T stage

Tla 1 = 1 _
T1b 5.50 (0.91-33.18) 0.063 4.93 (0.76-31.78) 0.093
T2a 6.20 (1.42-27.09) 0.015° 2.82 (0.59-13.53) 0.195
T2b 9.33 (1.45-60.21) 0.019° 5.27 (0.75-37.28) 0.096
T3 5.60 (1.24-25.25) 0.026° 1.66 (0.31-8.80) 0.551

DCs with weak expression of CD34
Absence 1 -
Presence 1.10 (0.56-2.15) 0.783
DCs of "contact type"
Presence 1 -
Absence 1.67 (0.86-3.25) 0.13

The capillaries in the tumor solid component

Absence 1 - 1 -

Presence 2.89 (1.33-6.28) 0.008" 2.72 (1.14-6.48) 0.023%
LFFCT in the tumor stroma

Absence 1 -

Presence 0.70 (0.32-1.55) 0.383

Fragmentation in the tumor solid component

Absence 1 - 1 -

Presence 2.55 (1.28-5.06) 0.008" 3.03 (1.33-6.94) 0.009"
Retraction clefts

Absence 1 - 1 -

Presence 2.62 (1.33-5.16) 0.005" 3.52 (1.56-7.96) 0.003*

Tumor spread through the AAS

Absence 1 -

Jsﬁﬂ WJCO | https://www.wjgnet.com 623 May 24,2024 | Volume15 | Issue5



Senchukova MA et al. Tumor microvessels in squamous cell lung cancer

Presence 0.72 (0.37-1.42) 0.342

2P < 0.05, the differences between groups are statistically significant.
AASs: Alveolar air spaces; DCs: Dilated capillaries; KSCC: Keratinizing squamous cell carcinoma; LFFCT: Loose, fine fibrous connective tissue in the tumor
stroma; NKSCC: Nonkeratinizing squamous cell carcinoma; OR: Odds ratio.
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Figure 3 Receiver operating characteristic curves discriminating between patients. A and B: Receiver operating characteristic (ROC) curves
discriminating between patients with and without regional lymph node metastases. ROC curve for the main cohort (A); ROC curve for the training cohort (B); C and D:
ROC curves discriminating between patients with and without disease recurrence. ROC curve for the main cohort (C); ROC curve for the training cohort (D). ROC:
Receiver operating characteristic.

Similarly, we summarized the ORs of independent predictors of the risk of disease recurrence in patients in the main
and training groups, and based on the results obtained, we constructed ROC curves that distinguish between patients
with and without disease recurrence (Figure 3C and D).

For patients in the main cohort, the AUC was 0.799 (DI = 0.735 - 0.863, P < 0.0001), and for the training cohort, the AUC
was 0.767 (DI = 0.648 - 0.885, P < 0.0001). When the ORS was less than or equal to 12.11 (cutoff), 35 (94.59%) of the 37
patients in the main cohort and 20 (90.91%) of the 22 patients in the training cohort had no LUSC recurrence. The
sensitivity, accuracy and specificity of the method for the main cohort were 41.18%, 71.10% and 97.89%, respectively, and
those for the training cohort were 54.05%, 69.35% and 92.00%, respectively.

Survival analysis
We analyzed the survival of LUSC patients according to the established predictors of disease recurrence risk. The
recurrence free survival (RFS) curves are shown in Figure 4.
The overall survival (OS) curves according to the predictors of a high risk of LC recurrence are shown in Figure 5.
Survival analysis indicated that the OS and disease-free survival (DFS) of patients with LUSC were significantly lower
in G3 than in G1 and G2, in N2 than in NO and N1, and in the presence of LFFCT in the tumor stroma and fragmentation
in the tumor solid component than in the absence of LFFCT. The best survival rates were observed for patients with an
ORS < 12.11. Moreover, the distribution of patients according to LUSC stage did not significantly differ between the
groups of patients in whom the ORS was < 12.11 and those in whom the ORS was > 12.11 (P = 0.483). In particular, 29.7%,
37.8% and 32.4% of patients in the first group had stage I, II and IIIA LUSC, respectively, and 13.3%, 41.3% and 45.5%,
respectively, of patients in the second group. Tumor spread through the AASs had the least effect on DFS and was not
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Table 4 Univariate and multivariate analyses for the predictors of disease recurrence in patients with lung squamous cell carcinoma

Univariate analysis, OR

Multivariate analysis, OR

Characteristic (95%Cl) Pvalue (95%Cl) P value
Age

<60 1 -

60-69 1.87 (0.97-3.58) 0.06

270 2.45 (0.89-6.72) 0.082
Tumor location

Peripheral 1 - 1 -

Central 1.86 (0.99-3.47) 0.052° 1.04 0.92
Histology

KSccC 1 -

NKSCC 1.79 (0.94-3.38) 0.075
Tumor grade

Gl 1 - 1 -

G2 1.51 (0.76-2.95) 0.232 1.36 (0.59-3.01) 0.466

G3 3.44 (1.39-8.48) 0.007¢ 4.24 (1.37-13.14) 0.001*
T stage

Tla 1 -

T1b 7.00 (1.04-46.95) 0.045°

T2a 4.26 (0.83-21.74) 0.082

T2b 5.00 (0.79-31.62) 0.087

T3 3.38 (0.65-17.69) 0.149
N stage

NO 1 - 1 -

N1 2.00 (0.97-4.11) 0.059 1.89 (0.81-4.39) 0.137

N2 3.22 (1.37-7.57) 0.007¢ 3.43 (1.26-9.34) 0.016"
Stage

I 1 - 1 o

I 2.17 (0.89-5.27) 0.088 1.87 (0.45-7.69) 0.385

1T 3.13 (1.29-7.60) 0.012° 3.44 (0.50-23.49) 0.207
Adjuvant therapy

Radiation therapy 1 - 1 -

Chemo- and radiotherapy 1.41 (0.50-3.97) 0.513 0.57 (0.16-1.98) 0.376

Chemotherapy 3.02 0.008 2.07 (0.78-5.53) 0.146
DCs with weak expression of CD34

Absence 1 - 1 -

Presence 4.26 (2.25-8.05) 0.0000* 1.18 (0.43-3.23) 0.749
Contact-type DCs

Absence 1 -

Presence 0.97 (0.54-1.75) 0.934
The capillaries in the tumor solid component

Absence 1 - 1 -
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Presence 2.32 (1.24-4.35) 0.008" 1.20 (0.56-2.59) 0.638
LFECT in the tumor stroma

Absence 1 - 1 -

Presence 6.24 (2.85-13.67) 0.0000° 7.34 (3.03-17.76) 0.0000°
Fragmentation of the tumor solid component

Absence 1 - 1 -

Presence 3.03 (1.58-5.82) 0.0009° 5.23 (2.27-12.07) 0.0001*
Retraction clefts

Absence 1 -

Presence 0.71 (0.38-1.29) 0.262
Tumor spread through the AASs

Presence 1 - 1 -

Absence 2.06 (1.13-3.76) 0.019° 3.37 (1.22-5.66) 0.0083"

P < 0.05, the differences between groups are statistically significant.
AASs: Alveolar air spaces; DCs: Dilated capillaries; KSCC: Keratinizing squamous cell carcinoma; LFFCT: Loose, fine fibrous connective tissue in the tumor
stroma; NKSCC: Nonkeratinizing squamous cell carcinoma; OR: Odds ratio; CD34: Cluster of differentiation 34.

associated with OS; moreover, the nonsignificant difference in survival in the training cohort, depending on tumor grade
and fragmentation in the tumor solid component, seems to be due to the small number of patients in individual sub-
groups.

According to multivariate analysis, although the type of adjuvant therapy was not an independent prognostic factor,
the 5-year RFS in the absence of adjuvant therapy, with A-ChT, with adjuvant RT (A-RT) and with A-chemoradiotherapy
were 64.6%, 30.4%, 57.9% and 47.8%, respectively (P = 0.0027). In these groups, 60.4%, 14.6%, 0% and 0% of patients had
stage I LUSC; 25.0%, 47.8%, 60.5% and 21.7% had stage Il LUSC; and 14.6%, 50.7%, 39.5% and 78.3% had stage IIIA LUSC
(P <0.0001).

DISCUSSION

LC is an important medical, social and economic problem in most countries worldwide[1,2,31]. Unsatisfactory long-term
treatment results for this pathology are associated with late diagnosis, either due to a lack of symptoms in early-stage
disease or due to presentation with nonspecific symptoms common with a broad range of alternative diagnoses.
According to a large meta-analysis of 78979 RO resections for NSCLC, the 5-year survival rates ranged from 40% to 74%
for stage 1A, 38% to 68% for IB, 28% to 53% for stage II, and 18% to 39% for stage IIIA[12]. Thus, early detection of this
pathology is critical for reducing mortality in patients with NSCLC.

NSCLC is a very heterogeneous disease. The most common subtypes of NSCLC are adenocarcinoma and LUSC, the
incidence of which is 19%-60% and 20%-67.5%, respectively, of the total number of NSCLC cases[4-6]. Despite major
breakthroughs in the treatment of lung adenocarcinoma, there are no treatment methods specific for LUSC; as a result,
the prognosis of this disease has been poor, especially in the late stages[4,7,8]. The treatment efficacy of LUSC will be
largely determined by the choice of optimal treatment regimens and will depend on the sensitivity of the tumor to
radiation, ChT and targeted therapy. Thus, determining the risk of disease relapse, including assessing the status of
RLNs, is of key importance for choosing the optimal treatment for LUSC. In addition, research in this direction can
contribute to understanding the mechanisms of LUSC progression and, consequently, to new approaches for the trea-
tment of this disease.

Currently, angiogenesis is regarded as both an important factor in disease prognosis[15,16] and in the effectiveness of
angiogenesis blockers, ChT and targeted therapy[16,20,32-34].

Methodological approaches for assessing angiogenesis in NSCLC vary widely. In most studies, the authors limit
themselves to a quantitative assessment of MVD or the level of vascular endothelial growth factor (VEGF) expression. In
addition, when calculating the MVD, researchers often consider only normal MV, i.e., vessels whose lumen does not
exceed the diameter of erythrocytes; other types of tumor MVs are excluded from the assessment. As a result of these
studies, correlations between MVD and various factors associated with tumor progression have been established; for
example, correlations between MVD and the expression of markers such as TFIIB-related factor 2[3], ASK1-interacting
protein-1[13] and chitinase 3-like 1[35] in tumor tissue, as well as between MVD and the levels of CXC chemokine ligand
4 in plasma[36]. Several studies have noted a correlation between the prognosis of NSCLC and MVD[37] and between the
prognosis of NSCLC and the expression of VEGF-A and angiopoietin-2 (Ang-2)[38]. However, this dependence was
observed predominantly for lung adenocarcinoma and not for LUSC. The serum levels of VEGF, Ang-2, and Interleukin-8
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Figure 4 Disease-free survival curves according to the independent predictors of lung squamous cell carcinoma recurrence risk (log-
rank test). A and B: Tumor grade; C and D: N stage; E and F: Loose, fine fibrous connective tissue; G and H: Fragmentation of the tumor solid component; | and J:
Tumor spread through the alveolar air spaces; K and L: Odds ratio sum (ORS) < 12.11 or ORS > 12.11. A, C, E, G, | and K: Recurrence free survival (RFS) curves
for the main cohort of patients; B, D, F, H, J and L: RFS curves for the training cohort of patients. 2P < 0.05, °P < 0.01, °P < 0.001, °P < 0.0001.

were also not associated with survival in patients with NSCLC[39]. Notably, the assessment of MVD in patients with
advanced NSCLC (stage IIIA) using an antibody against CD31 showed that a high MVD is associated with a decrease in
the 2-year survival of patients but is not correlated with VEGEF-A expression[40].

We believe that the ambiguity of the results obtained may be associated with the heterogeneity of tumor MVs, which
differ not only in origin and morphology but also in clinical significance[41,42]. Paulsen et al[43], investigating tumor
MVs in NSCLC in accordance with the classification proposed by Pezzella et al[44], identified three angiogenic subtypes
of tumor blood supply, namely, the basal, diffuse and papillary subtypes and the nonangiogenic alveolar subtype[43].
The authors revealed correlations of different vascular patterns with the immune microenvironment of the tumor, the
severity of hypoxia and EMF markers. Moreover, the relationships of angiogenic subtypes with clinical and pathological
characteristics and the prognosis of NSCLC have not been established. In lung adenocarcinomas, when a nonangiogenic
alveolar pattern was detected, there was a significant decrease in patient survival, but in LUSC, such a dependence was
not noted[43].

Over the past few years, we have been actively studying the different types of tumor MVs in gastric cancer, breast
cancer and cervical cancer[21-23]. In this study, we investigated the features of different types of tumor MVs in LUSC and
confirmed the acceptability of the previously proposed classification of tumor MVs. In this study, we also characterized
the features of the tumor stromal and parenchymal components as factors that, on the one hand, can influence the
formation of certain types of vessels, while on the other hand, different types of tumor vessels can provide the tumor
tissue with oxygen and nutrients to different degrees; consequently, they can influence the behavior of the tumor, as well
as its tendency to invade and metastasize[45].

The present study established a number of independent predictors associated with the risk of LUSC metastasis in
RLNSs and the risk of disease recurrence. The first group of predictors included tumor location, the presence of capillaries
in the tumor solid component, the presence of fragmentation in the tumor solid component, and the presence of retraction
clefts. We summarized the ORs of the independent predictors for each patient and, on the basis of these results,
constructed ROC curves that discriminate between patients with and without RLNM. When the ORS was greater than or
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Figure 5 Overall survival curves according to the independent predictors of lung squamous cell carcinoma recurrence risk (log-rank
test). A and B: Tumor grade; C and D: N stage; E and F: Loose, fine fibrous connective tissue; G and H: Fragmentation of the tumor solid component; | and J: Tumor
spread through the alveolar air spaces; K and L: Odds ratio sum (ORS) <12.11 or ORS > 12.11. A, C, E, G, | and L: Overall survival (OS) curves for the main cohort
of patients; B, D, F, H, J and L: OS curves for the training cohort of patients. 3P < 0.05, °P < 0.01, °P < 0.001, P < 0.0001.

equal to 12.52 (cutoff), 89 (87.25%) of the 102 patients in the main cohort and 23 (100%) of the 23 patients in the training
cohort had metastases in the RLNs. Furthermore, in 8 out of the 13 patients in the main group with an ORS of 12.52 or
more without metastases in RLNs, local (4 patients) or systemic (4 patients) disease recurrence was noted within 3 years.

In turn, tumor grade 3, N2 stage, the presence of LFFCT in the tumor stroma, fragmentation in the tumor solid
component and tumor spread through the AASs were found to be independent predictors of a high risk of LUSC
recurrence. Similarly, the constructed ROC curves made it possible to identify a group of patients with a low risk of LUSC
recurrence (less than 90%). When the ORS was less than or equal to 12.11 (cutoff), 35 (94.59%) of the 37 patients in the
main cohort and 20 (90.91%) of the 22 patients in the training cohort had no LUSC recurrence.

The main cause of death in cancer patients is metastasis. A number of studies have shown that circulating clusters of
tumor cells are associated with a greater risk of metastasis and relapse in NSCLC patients than single circulating tumor
cells[46-48]. Previously, we proposed a possible mechanism for the formation of tumor cell clusters in tumor MVs[21].
This mechanism is associated with the retraction of tumor cells from the underlying stroma and the formation of hollow
structures with tumor cells in the lumen, which corresponds to the previously described phenomenon of retraction clefts
[27,28,29]. Subsequently, the inner surface of the described hollow structures may be partially or completely lined with
endothelium. Characteristic features of this stage include the presence of SPELs and vascular invasion with clusters of
tumor cells in the lumen. When the formed cavity structures merge with blood or LVs, clusters of tumor cells may enter
the blood or lymphatic bed. In gastric cancer, breast cancer and cervical cancer, the presence of retraction clefts and SPELs
was correlated with the presence of metastases in RLNs and was associated with a high risk of disease recurrence[21-23].
In a study by Hisakane et al[49], a vascular invasion size greater than 425 pm was the most significant factor associated
with poor prognosis in patients with stage I LUSC. Tumor cells within larger areas of vascular invasion expressed higher
levels of PDPN and cancer stem cell markers; a greater MVD; and greater numbers of CD204 (+) macrophages and a-SMA
(+) myofibroblasts than did those within smaller vascular invasion areas[49].

Importantly, increasing evidence suggests that intravasation of single, apoptotic or clusters of tumor cells can occur via
leaky neoangiogenetic vessels in the tumor core and not by crossing the adjacent tumor stroma after EMT[48]. Hamilton
et al[48] emphasized that some tumor emboli may be located in blind nonfunctioning tumor vessels, which may limit
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their entry into the bloodstream. We believe that these data indirectly confirm the possibility of the formation of cir-
culating clusters of tumor cells by the mechanism of cavity-type angiogenesis described above. Indeed, until the cavity
structures merge with the blood and LVs, tumor cell clusters cannot reach the bloodstream. In addition, the large size of
tumor emboli may also limit their entry into the bloodstream. For example, in LUSC and squamous cell carcinoma of the
cervix, SPELs and vascular invasion with very large tumor emboli (more than 100 pm) were observed in the tumor
stroma, the entry of which into the bloodstream is highly questionable.

In our study, we also observed fragmentation of the solid component of the tumor, which was manifested by the
appearance of fibroblast-like cells expressing HIF-1a and Snail, indicating its connection with the mechanisms of EMT.
According to multivariate analysis, the described phenomenon was an independent predictor of a high risk of LUSC
metastasis and disease relapse. Similar results were obtained for squamous cell carcinoma of the cervix[23]. Thus, frag-
mentation of the solid component of the tumor through EMT may be involved in the intravasation of tumor cells into
tumor MVs, thereby promoting the formation of metastases.

Of particular interest is also the association between LFFCT and a high risk of disease relapse. A number of studies
have shown that tumor tissue contains several types of noncancerous regenerative cells, including embryonic stem cells,
mesenchymal stem cells and adult stem cells. These cells are the source of cancer-associated fibroblasts (CAFs), tumor
endothelial cells, and tumor-associated macrophages. These cells play key roles not only in cancer progression but also in
the development of drug resistance[50]. It can be assumed that the cells with large pale nuclei and weakly condensed
chromatin observed in LFFCT may belong to one of these cell types. In our study, LFFCT was detected predominantly at
the invasive margin of the tumor. Several studies have shown that tumor-promoting stromal cells, including PDPN-
positive CAFs, CD204-positive tumor-associated macrophages, and CD34+ microvascular cells, are also more frequently
recruited to invasive tumor margins[51].

Notably, the majority of the LUSC specimens studied (68%) exhibited tumor spread through AASs. Currently, tumor
spread through AASs is regarded as a factor associated with an unfavorable prognosis in patients with NSCLC[52-54]. A
decrease in patient survival is likely associated with co-option of the interalveolar septum vessels by the tumor, which
leads to a decrease in the effectiveness of systemic therapy due to the development of resistance to antiangiogenic agents
and chemotherapy[55,56]. However, in our study, tumor spread through AASs had no significant effect on the survival of
patients with LUSC. Moreover, according to multivariate analysis, the absence of tumor spread through the AASs was an
independent predictor associated with the risk of LUSC recurrence. It can be assumed that tumor spread through AASs
leads to co-option of the vessels of the interalveolar septa by tumors, which, on the one hand, reduces hypoxia in the
tumor and the need for the formation of new vessels and, on the other hand, can increase the sensitivity of the LUSC to
radiation and chemotherapy. This assumption is supported by the negative correlations of the MVD and density of DCs
with tumor spread through AASs. However, this assumption requires verification.

We would also like to note that according to the clinical guidelines for the treatment of NSCLC, A-RT is considered to
be a factor associated with worse survival in patients[57]. However, in our study, the five-year survival rate of patients
who received A-RT was even greater than that of patients who received A-ChT. We believe that this may be because most
studies of NSCLC have not taken tumor histology into account when analyzing the effect of treatment modalities on long-
term outcomes. For example, in a meta-analysis by Smeltzer et al[12], more than 50% of patients with NSCLC were
diagnosed with adenocarcinoma, which is known to be less sensitive to RT than is squamous cell carcinoma. Moreover, it
can be assumed that in patients with LUSC, the spread of tumors along AASs can even increase the effectiveness of RT by
reducing hypoxia in tumor tissue, which was reflected in the treatment results of patients with LUSC. However, these
assumptions require confirmation in clinical studies.

CONCLUSION

Thus, according to the results of this study, the independent predictors associated with a high risk of LUSC metastasis to
RLNSs are the central location of the tumor, the presence of capillaries in the solid component of the tumor, fragmentation
of the tumor solid component, and the presence of peritumoral retraction clefts. In turn, tumor grade 3, N2 stage, the
presence of LFFCT in the tumor stroma, fragmentation of the tumor solid component, and absence of tumor spread
through the AASs are independent predictors of a high risk of LUSC recurrence. Notably, these results are similar to
those obtained when studying different types of tumor vessels in gastric, breast and squamous cell carcinomas of the
cervix. This study has several limitations. First, this was a single-center retrospective study; therefore, the results obtained
need to be confirmed in other prospective clinical studies. Second, there is a need to standardize the quantitative
indicators of the studied markers for their correct use in clinical practice. Third, the small sample size (180 patients) may
have led to selection bias despite the use of a fairly homogeneous group of LUSC patients. Thus, future prospective
multicenter studies with larger cohorts are needed to further explore the prognostic and predictive significance of
different types of tumor MVs in patients with LUSC. Considering the data on the relationship of a certain type of vessel
with the characteristics of the stromal and parenchymal components of the tumor, further research in this direction may
also be of great scientific and practical interest.
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