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Abstract Relevance: Urothelial carcinoma (UC) of the bladder is one of the leading causes of cancer-related morbidity
and mortality worldwide. Accurate prediction of recurrence and progression risk necessitates the identification of reliable
biomarkers. Among these, microvascular density (MVD) and p53 have emerged as key indicators, given their critical roles in
tumor angiogenesis and cell cycle regulation. Objective: To evaluate the prognostic significance of microvascular density
(MVD) and p53 expression in predicting recurrence in patients with non-muscle-invasive bladder cancer (NMIBC).
Materials and Methods: The study included 155 patients diagnosed with non-muscle-invasive bladder cancer (NMIBC), all
of whom underwent immunohistochemical staining for CD34 and p53 markers. Microvascular density (MVD) was assessed
in tumor "hot spots” using the Weidner method. p53 expression was quantified as the percentage of positively stained tumor
cell nuclei. Statistical analysis was performed using the t-test and chi-square (?) test with SPSS software, version 28.0. A
p-value of less than 0.05 was considered statistically significant. Results: High microvascular density (MVD), defined as >10
vessels per high-power field, was identified in 40% of patients. p53 expression was observed in 62% of cases, with high
expression levels (>50% of tumor cells) significantly associated with elevated MVD (p < 0.001). Statistical analysis revealed
that both high MVD and elevated p53 expression were significantly associated with an increased risk of tumor recurrence and
progression (relative risk: 2.3; 95% confidence interval: 1.6-3.2). Conclusions: Microvascular density (MVD) and p53
expression are significant prognostic factors for recurrence in non-muscle-invasive bladder cancer (NMIBC). Incorporating
these markers into clinical assessment may enhance risk stratification and support a more personalised approach to treatment.
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the EAU model includes age over 70 as an independent
risk factor and introduces a "very high-risk" category. This
category encompasses patients with high-grade disease
and/or carcinoma in situ (CIS), along with additional risk
factors such as age over 70, multifocal papillary tumours,
and tumour size greater than 3 cm [4]. In low-risk
non-muscle-invasive bladder cancer (NMIBC), despite the
very low rates of progression, the risk of recurrence remains
substantial—approximately 40-50% within five years [1,16].
In high-risk disease, although up to 80% of patients initially
respond to intravesical BCG therapy, the overall rate of
recurrence or progression of high-grade bladder cancer
remains around 50% [5,8]. In T1-stage disease, particularly

1. Introduction

According to GLOBOCAN data, bladder cancer ranks as
the ninth most common malignancy worldwide. In 2022,
approximately 614,298 new cases and 220,596 deaths were
reported globally due to this disease [1,9].

Approximately 75% of urothelial carcinoma (UC) cases
are diagnosed at a low grade and classified as non-muscle
-invasive bladder cancer (NMIBC). [2,30]. Low-grade tumors
rarely progress to invasive disease (1% to 45%), but they
frequently recur (31-78%) within five years of follow-up,
generally associated with a favourable prognosis. In contrast,
high-grade papillary tumors have a greater potential to

progress to muscle-invasive bladder cancer (MIBC) [2,10].
The European Association of Urology (EAU) guidelines
employ a similar risk stratification system; however, unlike
the American Urological Association (AUA) guidelines,
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when the tumor is detected during repeat resection, the
progression rate can reach as high as 80% [16].

Some studies suggest that papillary and non-papillary
urothelial carcinomas may follow distinct molecular
pathways, which could account for their physiological
differences. [24]. Angiogenesis—the process of forming
new blood vessels—plays a key role in tumor progression by
promoting growth and metastasis. Microvascular density
(MVD), assessed using the CD34 marker, serves as an
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indicator of angiogenic activity and tumor prognosis [29].
High MVD is associated with more aggressive tumor
behaviour and an increased risk of recurrence.

Angiogenesis—the formation of new capillaries from
pre-existing blood vessels—is essential for tumor growth and
metastasis. It is a complex process influenced by numerous
factors and involves signaling pathways that regulate various
aspects of cellular biology. In recent years, increasing
attention has been given to the role of angiogenesis in
malignant bladder tumors. Most patients with bladder cancer
initially present with low-grade, mucosa-confined tumors
that are prone to recurrence after transurethral resection. Up
to one-third of these non-muscle-invasive bladder cancers
(NMIBC) may progress to more invasive or higher-grade
tumors. Angiogenesis represents one of the critical steps in
this progression, and our understanding of its role in bladder
cancer continues to evolve.

Microvascular density (MVD) is used to assess
angiogenesis by quantifying the number of blood vessels per
unit area or per high-power field. As a marker of tumor
angiogenesis, MVD has been proposed for identifying
patients at high risk of recurrence [2].

Angiogenesis quantification can be performed using
immunohistochemical staining with antibodies specific to
vascular endothelial cells. CD34, a transmembrane
glycoprotein, is an antigen of hematopoietic progenitor cells
that is also expressed in vascular endothelial cells. It serves
as a sensitive marker of endothelial differentiation, staining
endothelial cells in tumors more intensely than in normal
tissue [28].

Another important marker, p53, is a key regulator of the
cell cycle and apoptosis. Mutations in the p53 gene are
observed in 50-60% of urothelial carcinoma cases, making it
a significant prognostic factor. Increased p53 expression is
associated with genetic instability and disease progression
[20].

Despite a substantial body of evidence, the role of p53 as
an independent prognostic marker for recurrence remains a
subject of debate, largely due to variability in research
methodologies and differing interpretations of results. The
present study aims to clarify the prognostic value of p53
expression in the context of NMIBC recurrence, as well as
to assess its correlation with microvascular density, depth of
invasion, and tumor grade.

2. Materials and Methods

Study Design

The study was conducted as both a retrospective and
prospective analysis in the Department of Urology at the
Republican Specialized Scientific and Practical Medical
Center of Oncology and Radiology of Uzbekistan, covering
the period from 2020 to 2024. The study protocol was
approved by the institution's ethics committee.

Inclusion and Exclusion Criteria

The study included 155 patients with histologically
confirmed non-muscle-invasive bladder cancer (NMIBC)
following transurethral resection of the bladder tumor
(TURBT). Cases were excluded if there was significant
inflammation, insufficient biopsy material, or a lack of
follow-up data.

Immunohistochemical Analysis

Antibodies against CD34 and p53 were used for
immunohistochemical staining. Microvessels were counted
in three "hot spots™ at 400> magnification across ten high-power
fields. p53 expression was evaluated semi-quantitatively
using the following scale: 0 (no staining), 1+ (<20%), 2+
(20-50%), and 3+ (>50%). Tumors with >20% positively
stained cells were considered p53-positive.

Statistical Analysis

Data were analyzed using SPSS software, version
28.0. Group comparisons were performed using the t-test,
chi-square () test, and ANOVA. Relative risk (RR) was
calculated with a 95% confidence interval (CI).

Interpretation of Results

2

p53 is a nuclear marker, and tumor “hot spots,” often
corresponding to the invasive margin, were selected for
analysis. A total of 500 tumor cells were counted, and the
number of p53-positive cells was recorded individually.
Expression was then evaluated semi-quantitatively as
follows: 0 — no expression; 1+ — <20% of tumor cells
positive; 2+ — 20-50% positive cells; 3+ — >50% positive
cells. Only tumors with >20% positively stained cells were
considered p53-positive. Expression levels below 20% were
classified as negative.

CD34 expression was assessed in tumor "hot spots.”
Branching structures were counted as a single vessel. A
single microvessel was defined as any brown, immunostained
endothelial cell structure clearly separated from adjacent
microvessels, tumor cells, and other connective tissue
components. The number of vessels was counted across ten
consecutive high-power fields at 400> magnification,
corresponding to an area of 0.152 mm=

Since CD34 expression, represented as intratumoral
microvascular density (MVD), is a quantitative variable, and
p53 expression and tumor grade are categorical variables,
analysis of variance (ANOVA) was performed to determine
whether MVD differed significantly between groups
stratified by p53 status and tumor grade. Homogeneity of
variances was tested prior to ANOVA. Post hoc comparisons
were conducted using the Least Significant Difference (LSD)
method. To assess correlations between categorical variables,
the chi-square (y?) test was applied using SPSS version 28.0.

3. Results

Clinical Characteristics

The mean age of the patients was 65.1 +15.0 years. Males
accounted for 83.9% of the study population. The majority of



cases (64.5%) occurred in patients over 50 years of age
(Figure 1). Most tumors (69%) were well- or moderately
differentiated (G1 and G2), while 31% were poorly
differentiated (G3). Lamina propria invasion was observed
in 58% of patients, and muscular layer invasion was
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identified in 33%.
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Figure 1. Age distribution of the patient groups

31.3
MV

Immunohistochemical Analysis

The mean microvascular density (MVD) was 31.3 +11.1
in well-differentiated tumors and 26.8 = 19.3 in poorly
differentiated tumors. The difference was statistically
significant (p = 0.02), as shown in Figure 2.
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Figure 2. Relationship between mean microvascular density (MVD), p53
gene expression, and tumor differentiation

Table 1. Association Between Key Tumor Characteristics, Microvessel Density, and p53 Expression in Patients with Non-Muscle-Invasive Bladder Cancer

(NMIBC)

Microvessel Density (MVD) P53
n=155 n=155
Low MVD (<10) High MVD >10 Positive Negative P
N=85 | 55% | N=70 | 45% | N=89 | 51% | N=66 | 49%
Depth of invasion
n % n % n % N %
pTa (n=41) 31 75,6 10 24.4 13 31,7 28 68,3
pT1 (n=79) 41 51,9 38 48,1 43 54,4 36 45,6 <0,001
pT2 (n=35) 13 371 22 62,9 33 94,3 2 57
Grade
Low grade (n=80) 58 72,5 22 27,5 33 41,25 47 58,75 <0.001
High grade (n=75) 27 36 48 64 56 74,7 19 25,3
Tumor size
<3 cm (n=42) 30 71,4 12 28,6 28 66,7 14 33,3
>3 cm (n=113) 55 48,7 58 51,3 61 54 52 46 0505
Multiplicity
Simple (n=86) 37 43,0 49 57 56 65,1 30 34,9
Multiple (n=69) 48 69,6 21 30,4 33 47,8 36 52,2 0008
Presence of muscle
Yes (n=140) 75 53,6 65 48,6 80 57,1 60 42,9
No (n=15) 10 66,7 5 333 9 60 6 40 0,63
TUR second look
- (n=5) 4 80 1 20 1 20 4 80
+ (n=150) 81 54 69 46 88 59 62 41 0,206
Degree of tumor differentiation
G1 (n=37) 27 73 10 27 12 32,4 25 67,6
G2 (n=70) 55 78,6 15 214 32 45,7 38 54,3 <0,001
G3 (n=48) 3 6,25 45 93,75 45 93,75 3 6,25
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Positive p53 expression was observed in 57.4% of patients,
with high expression levels (more than 50% of tumor cells)
detected in 40% of cases.

A significant correlation was found between high MVD
and p53 expression (r = 0.42, p < 0.001), indicating an
association between angiogenesis and the activity of the
tumor suppressor p53.

Immunohistochemical Analysis

A panel of two markers—p53 and CD34—was used for
analysis. The mean microvessel density (MVD) based on
CD34 expression was 31.3 + 8.8 in well-differentiated
tumors, while in poorly differentiated tumors, the mean
MVD was 26.80 %8.23. Thus, no statistically significant
association was found between MVD and the degree of
tumor differentiation.

A comparative analysis was also performed for the mean
MVD values in tumors with lamina propria invasion versus
those with muscularis propria invasion. No significant
differences were observed in MVD between the groups with
or without invasion of these layers (Figure 2).

The level of p53 expression was evaluated in 155 bladder
cancer tissue samples across different tumor stages and
grades. p53 was expressed in 89 out of 155 (57.4%) cases,
showing nuclear staining.

Specifically, strong nuclear expression of p53 was

observed in:

v" 3 out of 13 cases (23%) with pTa stage,

v' 20 out of 43 cases (46.5%) with pT1 stage,

v" 30 out of 33 cases (90.9%) with pT2 stage tumors.
v’ Additionally, p53 was expressed in:

v 12 out of 37 (32.4%) G1 tumors,

v’ 32 out of 70 (45.7%) G2 tumors,

v' 45 out of 48 (93.75%) G3 tumors.

In general, strong p53 expression was predominant in
more advanced stages (pT2)—in 30 out of 33 cases (90.9%)
—and in high-grade tumors (G3)—in 40 out of 48 cases
(83.3%).

However, moderate p53 expression did not show a
statistically significant association with either tumor stage (p
=0.07) or tumor grade (p = 0.05) (Figure 3, Table 2).

Out of 155 cases, 89 (51%) were positive for p53
expression; among them, 20.2% exhibited low expression,
while 79.8% demonstrated high expression—meaning that
more than 50% of tumor cells showed positive nuclear
immunoreactivity. Intratumoral microvessel density (MVD)
ranged from 3 to a maximum of 48 per high-power field.
The association between p53 expression and tumor stage,
evaluated using the ¥ test, revealed no statistically
significant relationship between p53 expression and disease
stage (Table 1).

Table 2. Mean Microvessel Density (*Standard Deviation) Observed in Different Tumor Groups

P53 Depth of invasion Differentiation
Expression MVD Group MVD Group MVD
0 52#+.3 Ta 6,4+1,2 Gl 6,7543,44
1+ 10,2143,34 T1 29,4545,23 G2 28,249,34
2+ 22,9548,33 T2 33,95+10,21 G3 32,95+10,33
3+ 30,4549,12
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Figure 3. Association of p53 Protein Expression with Tumor Invasion Depth and Degree of Differentiation
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The mean microvessel density (MVD) also increased from
3.68 and 11.2 (n=66) in tumors with negative p53 expression
to 26.2 in grade 2 tumors and 43.3 in grade 3 tumors.
ANOVA revealed a statistically significant difference in
mean CD34 expression among the three p53 expression
groups (P =0.0001). The LSD (Least Significant Difference)
method was used for pairwise comparisons among the three
p53 groups. No statistically significant difference in CD34
levels was found between groups 1 and 2 (P = 0.466);
however, a significant difference was observed between
groups 1 and 3 (P = 0.0001) and between groups 2 and 3 (P =
0.031) (Figure 4). The higher the level of p53 expression, the
greater the average microvessel density. Microvessel density
in the tumor also varied significantly with disease stage
(P =0.005) (Table 2).

All other pairwise comparisons revealed statistically
significant differences. Microvessel density (MVD) also
varied significantly depending on tumor grade (Table 2).
ANOVA demonstrated a significant difference in MVD values
across different tumor grades. However, pairwise comparisons
showed no statistically significant difference in MVD between
grade 2 and grade 3 tumors (P = 0.066). In contrast, other
pairs—such as grades 1 and 2, and grades 1 and 3—showed
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significant differences (P 0.0003). Tumors with high
microvessel density were poorly differentiated and associated
with a worse prognosis, whereas tumors with lower MVD
tended to be well-differentiated and had a better prognosis.

When we analyzed the recurrence rate over time, we found
that the majority of recurrences occurred within the first and
second years following TUR (Figure 4).

In the first year after surgery, disease recurrence was
observed in 9.6% of patients (n = 15), and in the second year,
it increased to 12.9% (n = 20).

According to the analysis of immunohistochemical results
in patients with recurrence, a high microvessel density
(MVD >10) was associated with tumor recurrence in the
vast majority of cases (88.9%). In contrast, recurrence was
significantly less frequent (11.1%) among patients with low
MVD (<10).

Positive p53 expression was observed in 84.4% of patients
with recurrence, suggesting a strong association between p53
mutation and an increased likelihood of tumor regrowth.
Conversely, recurrence was less frequent (15.6%) in patients
with negative p53 expression.

These findings support the role of p53 as a marker of poor
prognosis in non-muscle-invasive bladder cancer.

Table 3. Association Between Key Tumor Characteristics and Microvessel Density (MVD), p53 Expression in Patients with Recurrence

Microvessel Density (MVD) P53
n=155 n=155
Low MVD (<10) High MVD >10 Positive Negative
N=5 | 11,1% N=40 | 889% | N=38 | 844% | N=7 | 156%
Depth of invasion
n % n % n % N %
pTa (n=11) 1 9,1 10 90,9 8 72,7 3 273
pT1 (n=34) 4 11,8 30 88,2 30 88,2 11,8 <0001
Grade
Low grade (n=5) 4 80 1 20 3 60 2 40
High grade (n=40) 1 25 39 97,5 35 87,5 5 12,5 <0001
Tumor size
<3 cm (n=40) 4 10 36 90 34 85 6 15 0.689
>3 cm (n=5) 1 20 4 80 4 80 1 20
Multiplicity
Simple (n=41) 3 7,3 38 92,7 35 85,4 6 14,6 0.007
Multiple (n=4) 2 50 2 50 3 75 1 25
Presence of muscle
Yes (n=45) 5 11,1 40 88,9 38 84,4 7 15,6 <005
No (n=0) 0 0 0 0 0 0 0 0
TUR second look
- (n=0) 0 0 0 0 0 0 0
+ (n=45) 11,1 40 88,9 38 84,4 7 15,6 <005
Degree of tumor differentiation
G1(n=7) 1 14,3 6 85,7 4 57,1 3 429
G2 (n=20) 3 15 17 85 18 90 2 10 <0,001
G3 (n=18) 1 5,6 17 94,4 16 88,9 2 111
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The Frequency of Recurrences is Influenced
by the Time of Their Onset.

1year-9,6 % 2 years -12,9%

3years-3.2 %

1
.

4 years-0.7% 5years-2,6%

Figure 4. Recurrence rate of non-muscle-invasive bladder cancer following TUR

4. Discussion

Bladder cancer is the most common malignancy of the
urinary tract and ranks tenth among all cancers worldwide.
According to GLOBOCAN data, approximately 614,298
new cases are diagnosed annually, with the highest incidence
observed in developed countries characterized by urbanized
populations and aging demographics.

At initial diagnosis, 75-80% of bladder tumors are
classified as non-muscle-invasive bladder cancer (NMIBC),
which are associated with a high recurrence rate and a
significant risk of progression within the first few years of
follow-up [1,8].

p53 expression was detected in 51% of cases, of which
20.8% exhibited low expression and 79.2% showed high
expression. In our study, no significant correlation was found
between p53 expression and either tumor stage or histological
grade.

Intratumoral microvessel density (MVD) was found to
be significantly correlated with both tumor stage and
grade. Similar associations were previously reported by
Kern. Independent studies by Weidner and Vermeulen also
identified increased MVD as an independent risk factor for
metastasis. In our study, a 66.7% correlation was observed
between the absence of p53 expression and high MVD.
Additionally, there was a statistically significant association
between high p53 expression and CD34 expression (P = 0.001;
Table 2, Figure 1). Elevated p53 levels were associated with

increased MVD, which, in turn, was linked to poor prognosis.

The correlation between p53 expression and MVD was
statistically significant (P = 0.0006), with a correlation
coefficient of 0.31.

The assessment of parameters related to tumor
angiogenesis has provided valuable prognostic information
across various tumor types. Alterations in the p53 gene have
been shown to shift the local balance between pro- an d
anti-angiogenic factors toward a pro-angiogenic state. A
significant correlation was also observed between p53
expression and microvessel density (MVD).

Despite the trends identified in this study, larger-scale
investigations focusing on stage Il and Ill disease are
necessary to validate our findings. In our analysis, p53 and
CD34 were not independent prognostic factors for non-muscle
-invasive bladder cancer. However, when evaluated together,
they serve as reliable predictors of disease behavior and may
assist in identifying patients at risk for progression,
metastasis, or recurrence. Furthermore, these markers could
contribute to assessing treatment response, thereby potentially
improving both recurrence-free and overall survival.

Angiogenesis is one of the hallmarks of carcinogenesis,
playing a critical role in tumor progression and metastasis.
Global incidence data on urothelial carcinoma demonstrate
a predominance in males, a finding corroborated by studies
conducted by Gupta and Biswas [7]. Our current study
yielded similar results, with males accounting for 86% of
cases and a male-to-female ratio of 6.1:1. The majority of
urothelial carcinoma cases occur in patients over the age of
50, while it is exceedingly rare in children and young adults.
Gupta et al. reported a mean age at diagnosis of 60 4.4 years,
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and Biswas et al. found the highest incidence in individuals over
60 years of age. These findings are consistent with our
results, which showed that 74% of cases occurred in patients
older than 50 [7].

The most common histological subtype of urothelial
carcinoma in the present study was invasive papillary
urothelial carcinoma (25 out of 50 cases), followed by
invasive urothelial carcinoma (13 out of 50 cases). Only two
cases were classified as non-invasive papillary urothelial
carcinoma, which is consistent with the findings of Quinten
and Jhaveri. Low-grade tumors were relatively rare,
accounting for only 10% of cases, whereas high-grade
tumors comprised 90%. In a 2018 study by Haque et al., 72%
of cases were reported as high-grade and 28% as low-grade.

While tumor grade and stage remain important prognostic
indicators, additional insights can be gained through the
evaluation of biological markers such as microvessel density
(MVD). In the present study, MVD was assessed using
two markers: p53 and CD34. The mean CD34-MVD value
in high-grade tumors was slightly higher than in low-grade
tumors. These findings highlight the significance of angiogenesis
as a key process contributing to tumor regrowth. A
statistically significant association (p<0.05) supports MVD
as a promising prognostic marker for recurrence.

Goddard et al. studied 180 cases and found a significant
correlation between microvessel density (MVD), tumor
stage, and progression. However, the mean MVD was not
statistically significantly associated with high-grade tumors
[13].

The conflicting results among different studies may be
attributed to variations in staining techniques, antibody
selection, antigen detection methods, tissue characteristics,
or microvessel counting approaches.

In 84.4% of patients with recurrence, positive p53 expression
was detected, indicating a strong association between p53
mutation and an increased risk of tumor regrowth. In contrast,
recurrence was less common (15.6%) among patients with
negative p53 expression. These findings support the role of
p53 as a significant indicator of poor prognosis.

The level of microvessel density (MVD) was highest among
patients with recurrent pT1 tumors (88.2%), significantly
exceeding the corresponding rate in patients with superficial
pTa tumors (90.9% with high MVD). Positive p53 expression
was also more frequently observed in patients with recurrent
pT1 tumors (88.2%) compared to those with superficial
tumors (72.7%). These findings highlight the importance of
invasion depth, in conjunction with the biological characteristics
of the tumor, in predicting recurrence.

Patients with high-grade tumors exhibited high microvessel
density (MVD) in 97.5% of cases and positive p53 gene
expression in 87.5%, both of which were significantly
associated with tumor recurrence. In contrast, among patients
with low-grade tumors, recurrences were less frequently
associated with high MVD (20%) and p53 expression (60%).
These findings confirm that tumor aggressiveness directly
influences the likelihood of recurrence (p<0.001).
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Tumor size (less than 3 cm or greater than 3 cm) did not
show a significant association with recurrence (p = 0.689).
However, patients with smaller tumors (<3 cm) more
frequently exhibited high microvessel density (90%) and
positive p53 expression (85%). This underscores that, in
predicting recurrence, not only tumor size but also its
molecular characteristics play a crucial role.

In patients with multiple tumors, recurrences were often
associated with low microvessel density (50%) and negative
p53 expression (25%). In contrast, patients with solitary
tumors predominantly exhibited high MVD (92.7%) and
positive p53 expression in 85.4% of cases. This suggests that
multiple tumors may possess distinct mechanisms of recurrence
that differ from those of solitary tumors (p = 0.007).

All patients with recurrences who underwent repeat
transurethral resection (TUR second look) demonstrated
high microvessel density (88.9%) and positive p53
expression (84.4%). This emphasizes the importance of
dynamic monitoring and periodic assessment of molecular
markers for accurate prediction of tumor recurrence.

Patients with poorly differentiated tumors (G3) exhibited
high microvessel density (MVD) in 94.4% of cases and
positive p53 expression in 88.9% of cases in the context of
recurrence. In contrast, patients with well-differentiated
tumors (G1) demonstrated lower rates—85.7% for MVD and
57.1% for p53 expression. These findings indicate that the
degree of tumor differentiation plays a significant role in
predicting the risk of tumor regrowth (p<0.001).

5. Conclusions

The results of the study confirm that high microvessel
density (MVD) and positive p53 expression are associated
with bladder tumor recurrence. These parameters may be
utilized for risk assessment of recurrence and for planning
further treatment strategies.

Significant differences between groups in terms of MVD
levels and p53 expression highlight their effectiveness as
prognostic markers for dynamic patient monitoring and the
individualization of therapy.
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