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Abstract: Bladder cancer (BCa) is the fourth most common cancer in men and one of the most common
urinary tract cancers, especially in developed countries. The aim of this paper is to comprehensively
analyze the biology of bladder cancer, including its epidemiology, etiology, histological types, risk
factors, clinical symptoms, and diagnostic methods. The paper presents the dominant histological
types of bladder cancer, such as transitional cell carcinoma (TCC), which accounts for 90–95% of
cases, squamous cell carcinoma (SCC), and adenocarcinoma, which is much rarer. Risk factors,
such as smoking, occupational exposure to chemicals, schistosomiasis, and genetic factors, which
significantly affect the pathogenesis of bladder cancer, are also discussed. The paper focuses on
modern diagnostic methods, including blue light cystoscopy (BLC) and computed tomography
urography (CTU), which show increased sensitivity and specificity in detecting early neoplastic
changes. The importance of TNM classification and the role of neoadjuvant chemotherapy in
improving patient prognosis are also discussed. Based on a review of the scientific literature, the
paper emphasizes the need for early diagnosis and an individualized therapeutic approach, which
may contribute to improving the survival and quality of life of patients with bladder cancer. The
potential for prevention, including quitting smoking and limiting exposure to harmful chemicals, has
also been demonstrated to significantly reduce the risk of disease. Patient education and monitoring
high-risk groups are key to reducing the incidence of bladder cancer.

Keywords: bladder cancer; cancer biology; risk factors; clinical symptoms; diagnostic materials;
clinical trials; diagnosis; treatment; prognosis; urological tumors; urine cytology; cystoscopy; biopsy;
immunohistochemistry; molecular studies; tumor markers; TCC (transitional cell carcinoma); MIBC
(muscle-invasive bladder cancer); NMIBC (non-muscle-invasive bladder cancer)

1. Introduction

Bladder cancer (BCa) is the most common cancer of the urinary system and is one
of the most common cancers worldwide [1]. This common cancer affects both women
and men, being the fourth most common cancer in men [2] after prostate cancer, lung
cancer, and colon cancer [3]. Morbidity and mortality associated with bladder cancer vary
geographically, which is a result of differences in the occurrence of risk factors for this
disease, mainly related to tobacco smoking (Table 1) [4]. Bladder cancer is diagnosed mainly
in men over 45 years of age (98% of cases). The highest incidence is observed in the age
group of 80–84 years [5].

At the time of diagnosis, in about 75–85% of patients, the cancer is limited to the
urinary bladder. In the remaining 15–25%, the disease is diagnosed at the stage with distant
metastases. Bladder cancer has a significantly higher incidence in geographical regions
such as Europe, North America, and Australia, compared to lower incidence observed
in Asia and Africa [6,7]. Currently, there is a downward trend in the incidence of this
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disease in highly developed countries [8]. It ranks 10th in the global ranking of cancers in
terms of incidence, and data from 2021 indicated that approximately 573,000 new cases and
213,000 deaths were recorded [9]. It is worth noting that as many as 75% of cases are non-
muscle-invasive bladder cancer (NMIBC), while the rest are classified as muscle-invasive
bladder cancer (MIBC) [10]. These are significant data that emphasize the importance of
monitoring, prevention, and effective treatment of this disease, which has a major impact
on the world’s population. According to the World Cancer Research Fund International
(WCRF), more than 614,298 new cases of bladder cancer were detected worldwide in 2022.
Spain had the highest overall case rate, followed by Italy. Egypt had the highest overall
case fatality rate, followed by Burkina Faso. The ten countries with the highest case rates
and the highest number of deaths from bladder cancer in 2022 are shown in Table 1 below.

Table 1. Bladder cancer incidence and mortality in 2022: top 10 countries.

Ranking Country Bladder Cancer Cases Bladder Cancer Mortality Cases

World 614,298 220,596

1 China 92,883 41,367

2 United States 80,404 17,705

3 Italy 34,580 12,353

4 Japan 34,568 10,928

5 Germany 29,035 9180

6 United Kingdom 23,643 8254

7 India 22,548 7934

8 Spain 21,418 7481

9 France 19,733 6823

10 Russia 19,352 6146

Statistics from the National Cancer Registry show that the incidence of bladder cancer
in Poland has been increasing in both women and men over the years. In 2021, 7043 cases
were detected, which means an increase of 543 cases compared to 2020 (Figure 1). Figure 1
shows the incidence of bladder cancer in Poland in 2011–2021. In the period from 2011 to
2018, a gradual increase in the number of new cases was observed, followed by a significant
decrease in 2019–2020, and a renewed increase in 2021. The analyzed decrease in incidence
in 2020 may be the result of the impact of the COVID-19 pandemic on the functioning of the
healthcare system, including the diagnosis of neoplastic diseases. The COVID-19 pandemic
has significantly disrupted access to medical services around the world, including in Poland.
The introduction of numerous restrictions on the activities of medical facilities, resulting
from the need to redirect healthcare system resources to combat the pandemic, could have
significantly affected the reduction in the number of diagnostic tests performed, such as
cystoscopy or imaging tests, which are key in the diagnosis of bladder cancer. In addition,
restrictions to the availability of specialist consultations, including oncological ones, could
have led to delays in the diagnosis of new cancer cases. The increase in the number of
diagnosed bladder cancer cases in 2021 can be interpreted as a result of delayed diagnostics
resulting from restrictions from the previous year. Patients who were unable to undergo
appropriate tests in 2020 could only receive a diagnosis later, which contributed to the
increase in the number of cases in 2021. Therefore, the observed decrease in incidence in
2020 does not reflect an actual decrease in the number of cases but may be the result of
limited access to diagnostics and treatment as a result of the COVID-19 pandemic.

Available data show that the mortality rate associated with bladder cancer in Poland is
showing a tendency to stabilize at a relatively constant level. Although this relative stability
is observed, one cannot ignore the fact that there is still a high percentage of deaths among
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people affected by this disease, as evidenced by data from 2021, where the mortality rate
was 54.9%.
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Figure 1. Bladder cancer incidence (yellow line) and mortality (blue line) in Poland in both sexes.

1.1. Anatomy of the Urinary Bladder

The urinary bladder is a flexible, hollow organ in the pelvic cavity that stores urine
delivered by the ureters (Figure 2). When empty, it is located behind the pubic symphysis,
and when filled, it rises into the abdominal cavity [11]. It has four surfaces: a superior,
posterior (bladder floor), and two inferolateral surfaces. The apex of the bladder is con-
nected to the umbilicus by the median umbilical ligament, and the lowest part, the bladder
neck, contains the internal urethral opening [12]. In men, the bladder neck is located above
the prostate, while in women it is connected to the pelvic floor [13]. The superior surface
of the bladder is covered by the peritoneum, which in men forms the rectovesical pouch
and in women extends to the isthmus of the uterus [14]. The bladder wall consists of four
layers: the urothelium, the lamina propria, the detrusor muscle, and the serosa [15]. The
urothelium forms an impermeable protective layer, and the detrusor muscle is responsible
for bladder contraction [16].
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1.2. Physiology of the Urinary Bladder

The urinary bladder is responsible for storing and excreting urine, which is possible
thanks to the flexible walls that allow it to stretch as it fills [17]. This process occurs in
two phases: storage and emptying. In the storage phase, the detrusor muscle remains
relaxed, and the urethral sphincters are closed, which prevents urine leakage. The capac-
ity of the bladder is approximately 300–500 mL in adults [18]. The emptying phase, or
micturition, is initiated when the bladder reaches the appropriate capacity, which causes
the detrusor muscle to contract and the urethral sphincters to relax, allowing urine to
be excreted [19]. The regulation of bladder function is achieved by the nervous system.
The parasympathetic system, via acetylcholine, stimulates the contraction of the detrusor
muscle, while the sympathetic system, via noradrenaline, inhibits its contraction and stim-
ulates the contraction of the sphincters, allowing urine to be retained [20]. The somatic
nervous system controls the external urethral sphincter, allowing for conscious control
over micturition [21]. In a randomized phase III trial published in 2021, the efficacy of
dose-dense MVAC (methotrexate, vinblastine, doxorubicin, and cisplatin) was compared to
gemcitabine and cisplatin (GC) in the perioperative treatment of muscle-invasive bladder
cancer (MIBC). A total of 437 patients received neoadjuvant chemotherapy, with 218 treated
with dd-MVAC and 219 with GC. While the complete pathological response rate (ypT0N0)
was higher in the dd-MVAC group (42% vs. 36%), this difference was not statistically signif-
icant (p = 0.2). However, dd-MVAC achieved a significantly higher rate of organ-confined
disease (<ypT3N0) at 77%, compared to 63% for GC (p = 0.001), suggesting improved local
tumor control. Toxicity profiles were similar in terms of hematological side effects, but
dd-MVAC was associated with more frequent grade ≥3 gastrointestinal toxicities (p = 0.003)
and asthenia (p < 0.001). Although dd-MVAC showed promising local control and tumor
downstaging, progression-free survival data, expected in future analyses, are necessary to
confirm these results. The final assessment will be critical in determining the superiority of
dd-MVAC over GC in the perioperative setting for MIBC [21]. In addition to traditional
diagnostic methods, such as cystoscopy, bladder cancer is now diagnosed using modern
technologies, such as blue light cystoscopy (BLC) and computed tomography urography
(CTU), which increase sensitivity and specificity in detecting neoplastic lesions. In addition,
new treatment protocols, such as neoadjuvant chemotherapy, play a key role in improving
patient outcomes, especially in cases of advanced invasive cancer. These technologies can
contribute to significantly prolonging patient survival through early detection of lesions
and an individualized approach to therapy.

2. Materials and Methods

The aim of this work was to thoroughly analyze available research on the biology of
bladder cancer, taking into account risk factors, clinical symptoms, diagnostic materials,
and available clinical trials. The analysis was aimed at identifying key aspects of the
disease that may be important in the diagnosis, treatment, and prognosis of bladder
cancer. In order to ensure the reliability and completeness of the analysis, a review of
scientific literature available in databases, such as PubMed, Scopus, Research Gate, and
Google Scholar, was conducted. The search was performed using the following keywords:
“bladder cancer”, “cancer biology”, “risk factors”, “clinical features”, “diagnostic materials”,
“clinical studies”, “diagnostics”, “treatment”, “prognosis”, “urological neoplasms”, “urine
cytology”, “cystoscopy”, “biopsy”, “immunohistochemistry”, “molecular studies”, “tumor
markers”, “TCC (transitional cell carcinoma)”, “MIBC (muscle-invasive bladder cancer)”,
and “NMIBC (non-muscle-invasive bladder cancer)”.
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2.1. Inclusion Criteria

Studies published in peer-reviewed journals that contained complete data on clin-
ical, diagnostic, and therapeutic aspects of bladder cancer were included in the review.
Only studies in the adult population (≥18 years) that provided complete methodological
information, such as sample size, data collection, analysis methods, and study results,
were included.

2.2. Exclusion Criteria

Incomplete text articles, such as conference abstracts and studies on cancers other than
bladder cancer, were excluded. In addition, studies that did not provide complete data on
methodology and outcomes were excluded from the review, in particular those that did
not provide clear criteria for patient selection, diagnostic methods used, and assessment of
treatment outcomes.

In addition, the following studies were excluded:

• Those that were focused on the same agents or therapies to avoid overemphasis on
one method at the expense of others.

• Those that were stopped prematurely for various reasons, such as methodological
difficulties or problems with patient recruitment.

• Those that did not produce significant results, i.e., did not show that the agents
or therapies studied had an effect on the development, treatment, or prognosis of
bladder cancer.

2.3. Selection Process

The literature selection process was conducted in several stages. Initially, databases
were searched using a combination of the above-mentioned keywords. The results were
filtered for full texts and publications based on clinical and experimental studies. Each
article was then assessed for its methodological quality, the research methods used, and
their relevance to the field of bladder cancer. Studies using a variety of diagnostic techniques
were analyzed, including cystoscopy, molecular testing, immunohistochemistry, biopsies,
and urine cytology. The results of the analyzed studies were presented in tables to facilitate
comparison between different clinical and diagnostic approaches. Each study was assessed
for its methodological quality, including sample size, data collection method, and statistical
methods used to analyze the results. The results of the literature review allowed for the
identification of key factors influencing the development, diagnosis, and treatment of
bladder cancer.

3. Results
3.1. Types of Bladder Cancer
3.1.1. Transitional Cell Carcinoma

Transitional cell carcinoma (TCC), also known as urothelial carcinoma, accounts for
over 90% of bladder cancer cases (Table 2) [22]. Figures 3–5 presents examples of urothelial
carcinoma. At diagnosis, approximately 70–85% of TCC cases are superficial (stages Ta, T1,
and carcinoma in situ (CIS)) and are currently classified as non-muscle-invasive bladder
cancer (NMIBC) [23]. In England and Wales, unlike in Europe or the USA, non-muscle-
invasive tumors that do not penetrate the lamina propria (Ta and CIS) are not included
in cancer registry statistics, leading to differences in the interpretation of epidemiological
data worldwide [24]. Exclusion of muscle invasion is a key element in the diagnosis of
bladder cancer, as the prognosis for patients with invasive TCC (T2–T4) is poor, with
almost half of patients dying within five years of diagnosis [25]. In the Middle East and
Africa, squamous cell carcinoma was previously more common, mainly due to Schistosoma
haematobium infections [26]. However, with the increasing knowledge of schistosomiasis
over the last three decades, the number of cases of this type of cancer has decreased
significantly, resulting in TCC becoming the dominant type of bladder cancer in these
regions as well [27].
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Table 2. Features of transitional cell carcinoma of the urinary bladder.

Transitional Cell Carcinoma (TCC)

Geographical occurrence All over the world, especially common in
developed countries

% Bladder tumors 90–95%

Age Usually over 50 years of age

Sex ratio (M/F) 3:1

Main predisposing factors
Tobacco smoking, occupational exposure to
chemicals (e.g., aromatic amines), chronic
urinary tract infections, arsenic exposure

Prognosis (5-year survival), % 50–80% (depending on stage and treatment)

Main symptoms Hematuria, frequent urination, pain during
urination, sudden urge to urinate
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3.1.2. Squamous Cell Carcinoma

Squamous cell carcinoma (SCC) is the second most common malignancy, accounting
for approximately 2–5% of all cases [28]. It can be divided into two major subtypes: SCC
associated with schistosomiasis, referred to as B-SCC, and SCC not associated with bilharzia,
referred to as NB-SCC (Table 3). The two subtypes differ in their epidemiology, natural
history, and clinicopathologic features [29]. B-SCC is most common in regions endemic to
schistosomiasis, such as the Middle East, Southeast Asia, and South America [30]. In the
United States, NB-SCC is reported primarily in patients with spinal cord injury, particularly
after long-term use of an indwelling catheter [31,32]. NB-SCC is usually diagnosed at a late
stage, which is associated with a poor prognosis. Both B-SCC and NB-SCC are treated with
radical cystectomy (RC); however, the efficacy of other treatment modalities, including
neoadjuvant and adjuvant therapies in combination with RC, is not well documented.

Table 3. Comparison of B-SCC and NB-SCC bladder SCC.

B-SCC NB-SCC

Geographical occurrence Middle East, Southeast Asia, South
America Western countries

% Bladder tumors 20–30 2–5
Age 50–59 70–79

Sex ratio (M/F) 5:1 3:2

Main predisposing factors Bilharziasis, UTI Catheters, chronic inflammation, irritants,
UTI

Prognosis (5-year survival), % ~50–60 33–48
Main symptoms Hematuria, irritating bladder symptoms Hematuria
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3.1.3. Adenocarcinoma

Primary bladder adenocarcinoma is a rare tumor that poses diagnostic challenges,
especially when distinguished from adenocarcinomas of adjacent organs, such as the
large intestine. It is characterized by a variable histological appearance and degree of
differentiation. Bladder adenocarcinoma, originating from the urothelial lining, accounts for
0.5% to 2.0% of all malignant bladder tumors [33]. Histologically, it is divided into intestinal,
indeterminate, mucinous, signet ring cell, clear cell, hepatoid, and mixed types [34]. It
is often accompanied by changes, such as cystic and glandular cystitis or superficial
glandular metaplasia. Molecular studies suggest that intestinal metaplasia may be a
precursor lesion for adenocarcinoma. Adenocarcinomas constitute about 90% of tumors in
the exstrophic bladder and are more common in schistosomiasis (Table 4). These tumors
can arise anywhere in the bladder but most commonly involve the trigone and posterior
wall. Approximately two-thirds of cases are solitary lesions, as opposed to multifocal
urothelial carcinomas [35].

Table 4. Features of bladder adenocarcinoma.

Adenocarcinoma

Geographical occurrence Rare, more common in schistosomiasis
endemic regions (Africa, Middle East)

% Bladder tumors 0.5–2.0%

Age Usually in the sixth decade of life

Sex ratio (M/F) 2:1

Main predisposing factors Schistosomiasis, bladder exstrophy, chronic
inflammation, cystic and glandular cystitis

Prognosis (5-year survival), % 18–30% (depending on stage and treatment)

Main symptoms Hematuria, symptoms of bladder irritation
(frequent urination, pain during urination)

3.1.4. Sarcoma

Primary bladder carcinosarcoma is a rare and highly aggressive tumor, accounting for
less than 1% of all bladder tumors (Table 5). There are no specific treatment guidelines for
bladder carcinosarcoma, and most published cases are treated with surgery alone [36].

Table 5. Features of bladder carcinosarcoma.

Sarcoma

Geographical occurrence Rare worldwide, no specific geographic
patterns

% Bladder tumors <1%

Age Usually older adults

Sex ratio (M/F) More common in men

Main predisposing factors No specific factors, may be related to smoking
and chronic infections

Prognosis (5-year survival), % Low, due to the aggressiveness of the tumor

Main symptoms Hematuria, frequent urination, pain during
urination
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3.1.5. Small Cell Carcinoma

Small cell carcinoma (SCC) of the genitourinary (GU) system is a rare malignancy
with high metastatic potential. The most common primary sites are the urinary bladder
and prostate, but there are also reports of primary SCC in the kidney, ureter, and urethra
(Table 6). SCC of the urinary bladder presents with lymph node involvement or metastases
in most cases. Emerging data suggest that small cell carcinoma of the bladder and prostate
develop from a common progenitor of conventional urothelial bladder carcinoma and
prostatic adenocarcinoma [37].

Table 6. Features of small cell bladder cancer.

Small Cell Carcinoma

Geographical occurrence Rarity worldwide

% Bladder tumors <1%

Age Usually older people, average age around
60–70 years

Sex ratio (M/F) 3:1

Main predisposing factors Smoking, chronic cystitis, chemical exposure

Prognosis (5-year survival), % Very low, around 8–20%

Main symptoms
Hematuria, dysuria, frequent urination,

symptoms related to metastasis (bone pain,
weight loss)

3.2. Risk Factors

One of the most important factors of morbidity is the age of patients. According to
the United Nations, the world population is expected to increase from its current level to
8.5 billion in 2030, and then exceed 9.7 billion in 2050. Currently, people over 60 years of
age constitute about 13% of the world’s population, with Europe accounting for as much
as 25% and, for comparison, only 5% in Africa. The data allow us to estimate that half
of the increase in the global population will be reflected in the increase in the number of
people over 60 years of age, which will increase from 960 million to 1.4 billion by 2030 and
to 2.1 billion by 2050. These demographic changes will have a significant impact on the
incidence of bladder cancer (as well as other late-onset diseases), which will consequently
increase its incidence and mortality [38]. Another highly correlated risk factor associated
with bladder cancer incidence is tobacco smoking. Data indicate that the risk of bladder
cancer incidence associated with smoking is close to 50%. Hence, changes in the incidence
of tobacco smoking will have a significant impact on the incidence of UBC, although with a
delay of several decades [39]. A study of 52 analyses showed that the risk of bladder cancer
increased proportionally with the intensity of smoking up to 20 cigarettes per day (risk ratio
(RR): 2.52, 95% confidence interval (CI): 2.41–2.64 for 10 cigarettes per day, and RR: 3.27,
95% CI: 3.16–3.38 for 20 cigarettes per day), after which it did not increase and reached a
plateau phase. However, the risk increased without reaching a plateau with the increasing
duration of smoking. In other words, the chance of developing bladder cancer increased
with the increasing duration of smoking [40]. Studies show that in countries with a lower
level of social development, the percentage of smokers is higher than in more developed
countries. However, it is worth noting that since 2015, the increasing number of people
addicted to tobacco has started to slow down, and this is largely related to the policies of
many countries. By conducting anti-smoking programs in more developed countries, a
significant decrease in the number of people suffering from bladder cancer is expected,
which cannot be said about less developed countries, where smoking tobacco products is
still a huge problem and will probably contribute to a large extent to the growing number
of cases of this cancer [41].
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3.2.1. Opium and Its Role in Bladder Cancer

According to a 2020 study, opium use is positively correlated with the incidence of
bladder cancer. A prospective cohort study was described, including 50,000 patients with a
median follow-up of 10 years. It was found that people who had ever used opium—through
smoking or other forms of dosing—showed a greater tendency to develop cancer than
those who had never used this substance [42].

3.2.2. Occupational Exposure to Carcinogens

In countries with high industrial development, occupational exposure to carcinogens
is a 5.7% risk factor for bladder cancer [43]. One of the professional groups exposed to
large amounts of carcinogens, including sulfur dioxide, benzene, and ethylbenzene, is
firefighters. All of these compounds are present in the smoke that firefighters involuntarily
inhale during many interventions. A 2019 article proved that this professional group is at
higher risk of developing cancer, including bladder cancer [44].

3.2.3. Potential Carcinogens in Daily Life

There are many studies on substances we come into contact with daily that have
potential carcinogenic effects, but the results of these studies do not allow for a clear
determination of their significant impact on cancer development. One of these substances is
arsenic, which is present in drinking water. Although there is evidence supporting the thesis
that high levels of arsenic in drinking water are positively correlated with the risk of bladder
cancer, the concentration present in natural conditions in most places in the world does not
show a significant increase in morbidity risk with increasing arsenic doses (by 10 mg/L),
suggesting that its concentration is carcinogenic only at high levels [45]. Other substances
whose concentration in drinking water did not show significant relationships between their
content and the incidence of bladder cancer are nitrates and trihalomethanes [46].

3.2.4. Diet and Bladder Cancer Risk

Diet plays a significant role in bladder cancer risk. One of its key components is
caffeine, as proven in 2020 when a pooled analysis of 12 cohorts, covering 501,604 patients,
was conducted. It indicated an increased risk of bladder cancer with coffee consumption
exceeding 500 mL per day (HR: 1.56, 95% CI: 1.38–1.77) and in the range of 180–500 mL
per day (HR: 1.39, 95% CI: 1.23–1.58) compared to non-coffee drinkers. However, when
the results were analyzed by gender and smoking status, it was found that this association
occurred mainly among smoking men, suggesting the possibility of a residual confounding
factor related to smoking [47]. As for alcohol consumption, studies conducted on the
Japanese population have shown that high alcohol intake (more than 30 g of ethanol per
day) significantly increases the risk of developing bladder cancer compared to those with
moderate alcohol consumption (≤30 g of ethanol per day) [48]. In the case of vitamins,
an increased risk of bladder cancer was found in people with excessive consumption of
vitamin B1 (HR: 1.14, 95% CI: 1.01–1.29) compared to those with lower intake. However,
this association was detected only in male subjects [49].

3.2.5. Protective Dietary Factors

In addition to dietary substances that increase the risk of bladder cancer, there are also
those that reduce this risk. One of them is tea, as evidenced in 2022, when an article was
published describing that higher tea consumption was associated with a reduced risk of
bladder cancer in a pooled analysis of 12 cohort studies (HR: 0.84, 95% CI: 0.75–0.95 for high
consumption). However, subgroup analysis did not show an association in women and
never smokers, suggesting that this effect could be modulated by carcinogenic substances
in tobacco [50]. Cow’s milk and dairy products also modulate bladder cancer risk in a
favorable way. Studies conducted in Sweden in 2008 demonstrated a 38% risk reduction
with the consumption of milk containing high levels of beneficial bacteria [51]. Moreover,
in 2020, it was proven that moderate yogurt consumption reduces the incidence of bladder
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cancer (HR: 0.85, 95% CI: 0.75–0.96) [52]. Whole grain products have also been found to
reduce bladder cancer risk. This was confirmed by a 2020 article that collected 13 cohort
studies covering about 575,000 patients, which demonstrated a reduced risk of bladder
cancer with higher consumption of whole grains (HR for the highest vs. lowest tertile: 0.87,
95% CI: 0.77–0.98). Similar results were also achieved for dietary fiber [53].

3.2.6. Genetic Factors and Bladder Cancer

Genetic factors play an important role in the development of bladder cancer. As previ-
ously mentioned, epidemiological studies have shown an association between cigarette
smoking and the risk of urothelial cancer. Tobacco carcinogens cause DNA changes in the
bladder mucosa, leading to common molecular changes, such as loss of alleles on chromo-
some 9, including the 9p region with the p16/ARF gene, which is often inactivated by LOH,
deletion, or methylation. This locus also contains the IFN-α gene, whose inactivation may
contribute to disease progression. LOH on 9q is one of the earliest events in the progression
of bladder cancer [54]. Mapping of the entire bladder and analysis of its recombination
markers on chromosomes 1–22 revealed six critical regions, including 3q22, 5q22–23, 9q21,
10q26, 13q14, and 17p13 [55].

3.3. Clinical Symptoms

Data published on 16 February 2023 by the National Cancer Institute indicated a
diverse spectrum of bladder cancer symptoms, which can vary from patient to patient.
The most commonly reported symptom is hematuria [56], which is the presence of blood
in the urine, which can range from slightly rusty red to intense red. Hematuria is often
episodic, and in some cases the amount of blood is so small that it does not cause a visible
change in urine color, which means it can only be detected by microscopic examination
(so-called microscopic hematuria). Approximately 1.3% of patients with asymptomatic
microscopic hematuria (three or more red blood cells in the high-power field of view in a
properly collected specimen, without an obvious benign cause) have bladder cancer, with
estimates ranging from 0.4% to 6.5% [57]. Additional symptoms, such as frequent urination,
pain or burning during urination, a feeling of incomplete emptying of the bladder, or
an urgent need to urinate, are also common but not specific to bladder cancer (Figure 6).
These symptoms, referred to as irritative urinary symptoms (including frequent urination,
urgency, nocturia, or dysuria), may occur over the course of other, more common urinary
tract conditions, such as infections, urolithiasis, or benign prostatic hyperplasia. However,
due to the risk of cancer, it is necessary to perform appropriate diagnostic procedures to
rule out bladder cancer. Obstructive symptoms, such as a weak or interrupted stream of
urine, straining during urination, or a feeling of incomplete emptying of the bladder, may
occur if the tumor is located near the bladder neck or urethra, which additionally affects the
difficulty in urinating. In cases of advanced bladder cancer, symptoms may include those
resulting from local disease advancement or the presence of metastases. These may include
abdominal pain, difficulty urinating, anuria, lower back pain, and bone pain associated
with bone metastases [58]. The most common sites of metastasis include the lymph nodes,
bones, lungs, liver, and peritoneum [59]. Patients with advanced disease may also present
with systemic symptoms, such as weight loss, loss of appetite, fatigue, and lower limb
edema, which further complicates the clinical picture. In advanced stages of the disease,
physical examination may reveal a palpable renal or bladder mass, indicating advanced
disease or the presence of metastases.
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3.4.1. Stage pT0

pT0 bladder cancer refers to cases in which no residual urothelial cancer, either in-
vasive or non-invasive, is found after cystectomy. In the past, the percentage of bladder
cancer cases in the pT0 stage was approximately 10% [62], but with the increasing use of
neoadjuvant chemotherapy (NAC), the incidence of this stage has been increasing, reaching
values approaching 30% [63]. NAC is more effective in achieving a complete pathological
response (pT0) than radical cystectomy alone, suggesting that its main advantage may be
an increased chance of achieving the pT0 stage [64]. Nevertheless, most patients do not
achieve pT0 after NAC. The prognosis for patients with pT0 bladder cancer is generally
very good, especially when they achieve a complete pathological response (pT0N0M0),
which is associated with better overall and relapse-free survival [65]. In one study, five-year
relapse-free survival was 84%, cancer-specific survival 88%, and overall survival 84%. How-
ever, some patients may still experience relapse, especially in cases with prior extravesical
spread [66]. Lymphatic and vascular invasion (LVI) and carcinoma in situ (CIS) in TUR
specimens are significant prognostic factors for pT0 patients. Patients with LVI have a
poorer prognosis, with a five-year overall survival of 70%, compared with 89% in patients
without LVI. Although lymph node metastases in patients with pT0 bladder cancer are rare,
they occur in 3–7% of cases, which may negatively impact prognosis [67].

Stage pTa

Approximately 70% to 80% of bladder cancers occur as non-invasive tumors of the
bladder muscle. Of these, 60% to 70% are confined to the bladder mucosa, which corre-
sponds to stage pTa [68]. It includes papillary neoplasms confined to the urothelium that
do not show invasion of other layers of the bladder wall. Also known as non-invasive
papillary carcinoma, it is characterized by the presence of papillary growths extending into
the lumen of the bladder. This type of tumor can be low-grade or high-grade, depending
on the degree of atypia of the cells seen under the microscope. According to the 8th edition
of the AJCC Staging Manual, papillary urothelial carcinoma without invasion is classified
as stage pTa. In stage pTa, the key prognostic factor is the histologic grade, which should
be clearly stated in the pathology report. Any presence of invasion excludes the tumor
from the pTa category and moves it to a more advanced stage. If a flat urothelial lesion,
such as carcinoma in situ (CIS), is present, it should also be reported, as it has important
prognostic implications. In cases where both papillary neoplasm and CIS are present, it is
recommended to consider assigning both categories—pTa and pTis—to accurately reflect
the complexity of the neoplastic lesions [69].

Stage pTis

Stage pTis, known as carcinoma in situ, is an early form of bladder cancer that is
confined to the epithelium lining the bladder. Unlike other types of cancer, CIS does not
invade deeper layers of tissue, remaining in the superficial layer. Although CIS is non-
invasive, it is characterized by a high grade of malignancy. CIS is usually a flat, nonpapillary
lesion composed of atypical urothelial cells that exhibit features such as enlarged nuclei,
irregular nuclear shape, and increased mitotic activity. Due to its aggressive nature, CIS
can be resistant to standard treatments, including chemotherapy, and tends to progress
to more advanced, invasive forms of cancer if not treated appropriately [70]. Carcinoma
in situ can occur alone or in association with other bladder neoplasms, such as invasive
urothelial cancer. The clinical significance of CIS is that its presence in the pT0–pT2 stages
(i.e., early stages of invasion) is associated with a poorer prognosis, as it increases the risk
of disease recurrence and progression to more advanced stages. In more advanced stages
of bladder cancer (pT3–pT4), however, the presence of CIS does not significantly affect the
prognosis of patients [71]. Due to the risk of progression and the difficulty of treatment, the
identification and monitoring of CIS is a key element of disease management in patients
with bladder cancer.



Uro 2024, 4 158

3.4.2. pT1 Stage

Stage pT1 bladder cancer involves tumor invasion into the lamina propria without
invasion of the muscularis propria. In patients at this stage, disease recurrence and progres-
sion occur in about 50% and 10% of cases, respectively, making the identification of patients
at high risk of progression an important clinical goal and the subject of intensive research.
The pT1 sub-staging, recognized as an important prognostic factor in the 2016 WHO classi-
fication of genitourinary cancers and in the 8th edition of the AJCC Staging Manual, aims
to better differentiate patients by separating small foci of invasion from more extensive
lesions. In clinical practice, the introduction of this sub-staging is recommended; however,
the lack of a clearly recognized method of classification means that official sub-staging
categories for the pT1 stage have not yet been established. Additionally, interobserver
variability in pT1 staging and the associated diagnostic difficulties remain a significant
challenge in pathology [72].

3.4.3. Stage pT2

Bladder cancer stage pT2 is characterized by tumor invasion of the muscularis propria
layer of the bladder. Stage pT2 is divided into two sub-stages: pT2a, where the tumor
invades the superficial muscularis propria (i.e., the inner half of this layer), and pT2b,
where the tumor invades the deep muscularis propria (i.e., the outer half of this layer) [73].
Patients with deeper invasion (pT2b) were initially thought to have a poorer prognosis than
those with shallower invasion (pT2a), as early studies suggested significant differences in
survival between these sub-stages [74]. However, later studies have not confirmed these
conclusions, indicating that the differences in survival between pT2a and pT2b may not
be as significant. It has been found that tumor size may play a greater role in predicting
the outcome in patients with pT2 bladder cancer [75]. Nevertheless, more recent analyses
suggest that the pT2a and pT2b division may be clinically useful, especially in the context
of relapse-free and cancer-specific survival [76]. The results of these studies indicate the
need for further analyses to clearly assess the usefulness of this division and to examine
other prognostic factors, such as tumor size.

3.4.4. Stage pT3

Stage 3 bladder cancer is an advanced stage of the disease, which is divided into two
sub-stages: 3a and 3b. In stage 3a, the cancer has invaded through the muscle and wall
of the bladder, reaching the surrounding fat layer, and potentially spreading to adjacent
reproductive organs, such as the prostate, uterus, or vagina. However, it does not spread to
lymph nodes. Alternatively, at this stage, the cancer may spread to one pelvic lymph node,
provided that it is not close to the major iliac arteries. In stage 3b, the cancer has spread
to more than one pelvic lymph node that is not close to the iliac arteries, or to one node
in the immediate vicinity of the iliac arteries. The distinction between pT3a and pT3b has
important prognostic implications, as pT3b is usually associated with poorer outcomes,
especially in patients without lymph node metastases (pN0) [77]. Assessment of the degree
of macroscopic infiltration is crucial for accurate staging of the disease, but this process
can be difficult due to the irregular structure of the muscularis and surrounding adipose
tissue. Precise diagnostics is, therefore, crucial for proper staging of the disease and for
determining the optimal treatment strategy.

3.4.5. Stage pT4

Stage 4 bladder cancer is classified into subtypes 4a and 4b, depending on the stage
of the disease and the extent of metastasis. In stage 4a, the cancer invades anatomical
structures, such as the abdominal wall or pelvic wall. Alternatively, metastasis may occur
in lymph nodes located above the main pelvic arteries, the common iliac arteries. In
stage 4b, the tumor invades the pelvic wall or abdominal wall. This stage does not refer
to generalized spread of the tumor to distant organs, but to local invasion of these key
structures. It is important to emphasize that metastases to distant organs, such as lung,
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bone, or liver, are classified separately, in the “M” category (metastases) of the TNM
classification (Table 7). An important aspect of cancer biology is the fact that cancer cells
in metastatic foci retain the morphological and molecular characteristics of the primary
tumor. For example, in cases where bladder cancer spreads to the lungs, the cancer cells
in the lung remain bladder cancer cells, not lung cancer. For this reason, such spreads are
classified as metastatic bladder cancer, not lung cancer. TNM classification for bladder
cancer is presented in Table 7.

Table 7. TNM classification for bladder cancer.

PRIMARY TUMOR (T)

Code Description

TX Primary tumor cannot be assessed

T0 No evidence of primary tumor

Ta Non-invasive papillary carcinoma

Tis Urothelial carcinoma in situ

T1 Mucosal invasion

pT2a Superficial muscular invasion

pT2b Deep muscular invasion

pT3a Microscopic paravesical invasion

pT3b Macroscopic paravesical invasion

T4a Tumor invades prostate, uterus, or vagina

T4b Tumor invades pelvic wall or abdominal wall

LYMPH NODES (N)

Code Description

NX Lymph nodes cannot be assessed

N0 No lymph node metastases

N1 Single regional pelvic lymph node metastasis

N2 Multiple regional pelvic lymph node
metastases

N3 Iliac lymph node metastases

METASTASIS (M)

Code Description

M0 No distant metastases

M1a Distant metastases limited to extra-iliac lymph
nodes

M1b Distant metastases outside the lymph nodes

STAGE OF ADVANCEMENT

Stadium T N M

0 Ta or Tis N0 M0

1 T1 N0 M0

2 T2a or T2b N0 M0

3a T3a, T3b or T4a N0 or every N1 M0

3b T1–T4a N2 or N3 M0

4a T4b or T Any N M0 or M1a

4b Any T Any N M1b
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3.4.6. Prevention

Bladder cancer is a major health problem worldwide, not only because of its high
incidence and associated mortality rates, but also because of the significant costs of its
treatment. A significant proportion of bladder cancer cases, especially invasive forms,
are strongly associated with preventable environmental factors. Recent meta-analyses
have shown that up to 81.8% of bladder cancer cases between 1995 and 2015 could be
attributed to known environmental causes. Tobacco smoking is the most important risk
factor, accounting for 50–65% of all bladder cancer cases in developed countries. Quitting
smoking reduces the risk of bladder cancer by about 40% within 1–4 years, and complete
recovery to pre-smoking risk occurs after 20 years [78,79]. Quitting smoking is, therefore,
one of the most effective preventive strategies. In addition to smoking, occupational
exposure to carcinogens, particularly in manufacturing, transportation, and firefighting,
is the second major preventable risk factor. In contrast, occupations such as farming and
teaching, which have less exposure to toxic substances, are associated with lower risk.
Protecting workers from exposure to harmful chemicals, such as aromatic amines, is key
to reducing the incidence of bladder cancer. Other preventive strategies include eating a
diet rich in fruits and vegetables, which, although controversial, may offer some protection.
Physical activity, regardless of smoking status or body mass index (BMI), has also been
shown to have a small but noticeable protective effect against bladder cancer. Despite
the well-documented association between smoking, occupational exposures, and bladder
cancer, urologists have traditionally played a limited role in prevention. However, as their
involvement in men’s health grows, they are well positioned to play a more active role in
cancer prevention, especially considering their regular contact with patients with bladder
cancer. The World Urologic Oncology Federation (WUOF) leads a global effort to promote
bladder cancer prevention through educational initiatives, anti-smoking campaigns, and
work to reduce exposure to carcinogens in the workplace. This comprehensive approach to
prevention is key to reducing the global burden of bladder cancer [78,79].

3.5. Bladder Cancer Diagnosis

The goal of screening and improving diagnostics for bladder cancer is to improve
patient survival by detecting the cancer at an earlier, more curable stage of the disease.
This allows for faster implementation of appropriate treatment, which can significantly
reduce the risk of progression to more advanced stages, which are more difficult to treat
and associated with a poorer prognosis. Various diagnostic methods aim to identify cancers
before the patient becomes symptomatic, which can increase the chances of successful
intervention and thus improve long-term treatment outcomes. There are many different
methods that are multidisciplinary in their approach [80].

3.5.1. White Light Cystoscopy (WLC) and Blue Light Cystoscopy

Cystoscopy is a diagnostic procedure in which a doctor uses a cystoscope to visualize
the inside of the bladder and urethra, allowing for the identification of potential pathologies.
It is an important method in the diagnosis and treatment of bladder cancer, as well as other
urological diseases. During the procedure, a cystoscope, a thin, tubular device equipped
with a light and lens, is slowly inserted through the urethra into the bladder. The cysto-
scope may also have tools for removing small tumors or taking tissue samples for biopsy.
Standard white light cystoscopy (WLC) has been used for years to detect and resection
bladder tumors, but new technologies have been developed to improve the quality of cys-
toscopy and transurethral resection of bladder tumors (TURBT) to more effectively prevent
recurrence and progression of the disease. Cystoscopy should be performed in all patients
with macroscopic hematuria and in patients aged 35 years and older with microscopic
hematuria. It may also be considered in younger patients with microscopic hematuria. In
patients with hematuria and risk factors for bladder cancer, irritative symptoms during
urination, or exposure to chemicals, cystoscopy should be performed regardless of age.
Patients with abnormal bladder lavage cytology or pathologically abnormal tissue should
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undergo transurethral resection of the bladder tumor (TURBT). This procedure provides
key histopathological information necessary for the final diagnosis, staging, and classifica-
tion of the tumor, and allows for removal of visible tumor and sampling of surrounding
muscle to assess the depth of tumor invasion [81].

PDD (photodynamic diagnostics) increases the detection of occult bladder tumors.
This technique involves the introduction of a dye, such as 5-aminolevulinic acid (5-ALA) or
its hexyl ester (HAL; Hexvix®; Photocure ASA), into the bladder. This dye accumulates in
diseased tissues, making them sensitive to light. Diseased tissues glow red under blue light,
while healthy tissues remain blue. PDD is recommended for diagnostics during initial
transurethral resection of bladder tumors (TURBT), as well as in patients with positive
urine cytology but negative results on standard cystoscopy (WLC). This method can also
be used to evaluate recurrences in patients who have not previously been examined with
PDD and to monitor patients with carcinoma in situ (CIS) or multifocal tumors. Analyses
and studies show that blue light cystoscopy (BLC) detects more tumors than traditional
WLC, including more high-risk tumors. The results of four randomized clinical trials
(RCTs) confirmed that BLC with 5-ALA during TURBT allows for more thorough removal
of tumors and prolongs the recurrence-free survival. However, differences in the use of
additional intravesical therapy in these studies may have influenced the assessment of
the benefits of PDD. To date, PDD has not been proven to prevent disease progression or
prolong patient survival [82].

3.5.2. Computed Tomography of Urography

Computed tomography urography (CTU) is a valuable tool in detecting bladder cancer
because it allows simultaneous imaging of the urinary tract, renal parenchyma, and other
abdominal structures, which allows for the identification of lesions and determination
of the stage of the neoplastic disease. Despite this, the accuracy of CTU in local staging
of cancer is only 40–60%. CTU is performed for various indications, such as renal colic,
urolithiasis, urinary tract obstruction, hydronephrosis, infections, urinary tract neoplasms,
hematuria, or trauma, but this examination requires standardization, and further studies
are necessary to achieve this. In doubtful cases or to better visualize defects in bladder
filling and lower ureters, the excretory phase is used in the supine position. The sensitivity
and specificity of CTU are 96.3% and 86.4%, respectively, which is confirmed by high
agreement with the results of the literature. However, despite its high sensitivity, the
specificity of CTU is limited, and false-negative results may be caused by the small size
of the lesions (<5 mm). Some experts suggest that performing CT virtual cystoscopy,
which has a diagnostic accuracy of 95%, could help to improve the results, although this
method is invasive. Another limitation of CTU is the difficulty in differentiating between
neoplastic and inflammatory changes in flat lesions, which may lead to false-positive results.
Therefore, it is recommended to perform radiological examinations before cystoscopy to
avoid false results. CTU can also help to guide cystoscopy in difficult-to-access areas of the
bladder [83].

3.5.3. Intravenous Urography (IVP)

IVP, or intravenous urography, is an X-ray examination of the urinary tract that
involves injecting a contrast agent into a vein and then taking a series of X-rays of the
kidneys, ureters, and bladder to check for cancer. As the contrast agent moves through
the urinary system, additional images are taken at specific times to assess urinary tract
function and detect any signs of disease. IVP was the standard for urinary tract imaging
from 1923 until about 2000, but with the introduction of computed tomography (CT), which
became the gold standard for urinary tract diagnostics, its use was reduced. Despite this,
IVP is still used, although its diagnostic capabilities are significantly inferior to CT. Studies
have shown that IVP was most often used to evaluate kidney stones and lower back pain,
but 48% of patients required additional imaging, underscoring its diagnostic limitations.
CT is more sensitive and specific for detecting urinary tract pathology, including lumbar
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pain, nephrolithiasis, renal masses, and hematuria, and in the pregnant population with
lumbar pain, ultrasonography is recommended as the first examination due to the lack
of ionizing radiation. Painless hematuria also requires imaging, and contrast-enhanced
CT is more effective in detecting urinary tract masses, especially small renal masses. After
abdominopelvic surgery, evaluation of the urinary tract is crucial, especially if there is a
risk of injury to the ureters or bladder. Although IVP can be used in emergency situations
or where modern CT scanners are not available, CT is the preferred method for urological
diagnostics due to its many advantages, despite some disadvantages, such as a higher
radiation dose and cost [84].

3.5.4. Narrowband Imaging

Narrowband imaging (NBI) cystoscopy improves the visibility of small structures
of the bladder mucosa surface without the use of dyes. Longer wavelengths of light
allow for deeper tissue penetration. Unlike BLC (blue light cystoscopy), which requires
preoperative administration of photosensitizing agents via a catheter, NBI cystoscopy
does not require additional invasive procedures. It can also be performed using a flexible
cystoscope, which makes it convenient in an outpatient setting. NBI cystoscopy improves
the detection of recurrent non-muscle-invasive bladder cancer (NMIBC) compared to
standard WLC cystoscopy, with a comparable false-positive rate. TURBT (transurethral
resection of bladder tumor) performed using NBI reduces the risk of NMIBC recurrence
by at least 10% after one year. However, there have been no clinical trials comparing NBI
cystoscopy with WLC or BLC [85,86].

3.5.5. Urine Cytology

Urine cytology remains the standard for detecting high-grade malignancies, although
available biomarkers often have low specificity and high false-positive rates, especially in
mild inflammatory conditions. New genetic markers, although promising, also face similar
challenges. The UroFollow study aims to reduce the intensity of monitoring low-grade
malignancies with non-invasive methods, but for high-grade malignancies, urine cytology
and cystoscopy are likely to remain the standard. The challenge is to effectively combine
available biomarkers, considering their limitations. Systematic reviews show that single
tests have limited diagnostic value, and multitarget markers may have better performance.
Despite the increasing number of urinary biomarkers, no single method has replaced
cystoscopy as the gold standard for diagnosing and monitoring bladder cancer. Issues with
validation, different normative thresholds, and the complexity of biomarkers continue to
challenge their development [87].

3.5.6. Biopsja Płynna

Liquid biopsy is a modern and promising diagnostic method that involves the analysis
of various biological fluids, such as blood, urine, plasma, cerebrospinal fluid, or saliva, to
detect cancers and monitor their progression. In the context of bladder cancer (BCa), liquid
biopsies are particularly valuable because they enable a non-invasive examination that can
detect the presence of the disease, its recurrence, progression, and response to treatment,
without the need for invasive procedures, such as cystoscopy. Urine is a particularly
attractive material for liquid biopsy in the diagnosis of bladder cancer because it contains
nucleic acids from cancer cells, which are directly released into the urine, which minimizes
the risk of contamination of the material. Thanks to this, genetic changes in urine can
accurately reflect those occurring in urogenital tumors. Various diagnostic systems based on
urine analysis have been developed, including the detection of specific biomarkers of genes,
proteins, and metabolites that can identify bladder cancer even before the appearance
of clinical symptoms. However, despite promising results in studies, further validation
studies and standardization of sample collection and analysis procedures are necessary to
ensure their effectiveness and broad clinical application. In advanced, metastatic bladder
cancer, blood is becoming the preferred fluid for liquid biopsy because it allows for the
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identification of mutations and monitoring of disease progression, which can support
therapeutic decisions. Although liquid biopsies offer great potential, there is still a need
for large, prospective cohort studies to fully evaluate their clinical value and to implement
them on a large scale as a standard in the diagnosis and monitoring of bladder cancer [88].

3.5.7. Protocols in Diagnosis

In European countries, the diagnosis of hematuria, both macroscopic and microscopic,
plays a key role in the detection of urinary tract malignancies, including urothelial carci-
noma (UCC) and renal cell carcinoma (RCC). Hematuria is often the first symptom leading
to the detection of these malignancies, and patients usually undergo both cystoscopy and
computed tomography of the urinary system (CTS). Depending on the country and the
medical protocols used, the time to diagnosis and the structure of the studies may vary.
In some countries, such as Norway, a three-phase CTU protocol is recommended, which
includes corticomedullar, nephrographic, and excretory phases, to thoroughly examine
both the kidneys and the urinary tract [89,90].

The most commonly used protocol is imaging in case of negative cystoscopy, which
allows for the detection of upper urinary tract malignancies. Studies suggest that early
detection of malignancies during the nephrographic phase is crucial. The time from the
onset of symptoms, such as hematuria, to the initiation of diagnostic procedures is crucial
for patient prognosis, and some European countries have guidelines that emphasize the
importance of rapid diagnosis after the onset of symptoms.

3.5.8. The Role of Urinary Microbiome as a Biomarker

In the context of new diagnostic tools, the role of biomarkers is becoming increasingly
important, and recent studies have increasingly drawn attention to the relationship between
the urinary microbiome and bladder cancer. In 2023, an analysis of the urinary microbiome
of patients with bladder cancer was carried out, using urine samples collected in the
morning as a potential source of biomarkers for early cancer detection. The results of
the study showed that patients with bladder cancer, especially men over 50 years of age,
had a significantly increased number of bacteria from the genus Porphyromonas, and in
particular Porphyromonas somerae. The increase in the number of these bacteria may be
associated with chronic inflammation, which is one of the key mechanisms supporting
the process of carcinogenesis. The presence of Porphyromonas somerae has also been
identified as a specific biomarker of the risk of developing bladder cancer. An important
aspect of this study was that morning urine samples (FM) were as effective as more invasive
samples obtained by catheterization, making them a more practical and non-invasive
tool for analyzing the urinary microbiome. This makes morning urine samples a useful
tool for monitoring the risk of bladder cancer and potentially for early diagnosis. These
findings have important implications for future research on biomarkers in bladder cancer.
Analysis of the urine microbiome may provide non-invasive diagnostic methods that will
enable early detection of the disease, which is crucial for improving patient outcomes.
Furthermore, the study suggests that the presence of Porphyromonas may play a direct
role in the pathogenesis of bladder cancer, which requires further investigation into the
mechanisms that may lead to the development of this cancer via the microbiome [91].

3.5.9. Role of Systemic Inflammatory Index (SII) in Prognostic Assessment of
Bladder Cancer

In addition to well-known prognostic factors, recent studies have shown that the Sys-
temic Inflammatory Index (SII) may be a useful predictive marker of oncological outcomes
in patients undergoing radical cystectomy for bladder cancer. A study conducted in 2023
showed that elevated preoperative SII values were strongly associated with a higher risk of
nodal invasion, advanced pT stage of tumor, and poorer survival outcomes. The SII, calcu-
lated as the product of neutrophil count and platelet count divided by lymphocyte count,
reflects the inflammatory status of the patient. The study found that a higher SII (>640.27)
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was an independent predictor of poorer relapse-free survival (RFS) and overall survival
(OS). These results suggest that the SII may be useful in identifying patients at higher
risk of relapse and allows for better tailoring of therapeutic strategies, including possible
intensification of postoperative treatment, e.g., in the form of adjuvant chemotherapy [92].

Bladder cancer treatment is a complex process that requires an individual approach,
taking into account the stage of the disease, the type of cancer, the patient’s general health,
and their preferences. Depending on these factors, different therapeutic strategies are used.
The key goal of treatment is not only to eliminate the cancer, but also to minimize the risk
of recurrence and improve the patient’s quality of life. Early-stage bladder cancer can be
effectively treated with less invasive procedures, while advanced cases often require more
aggressive multimodal therapies [92]. Below is an overview of the different therapeutic
approaches used in the treatment of bladder cancer.

Pembrolizumab, a PD-1 checkpoint inhibitor, is a promising treatment option for
patients with non-muscle-invasive bladder cancer (NMIBC) who are not responding to
Bacillus Calmette–Guérin (BCG) therapy, particularly those who are not candidates for or
refuse cystectomy. The approval of pembrolizumab for this group of patients is based on the
results of the KEYNOTE-057 trial, which demonstrated significant clinical efficacy. In that
trial, pembrolizumab was evaluated in patients with high-risk NMIBC who had carcinoma
in situ (CIS) or papillary tumors and who had not responded to BCG. In this group of
patients, the complete response rate was approximately 41%, and the median duration
of response was 16.2 months. These results suggest the potential of pembrolizumab as
an alternative for patients who would otherwise require cystectomy [93]. The use of
pembrolizumab in the treatment of NMIBC is important because it addresses the needs
of patients who relapse or fail to respond to BCG therapy. Current intravesical therapies,
such as valrubicin, have limited efficacy, and cystectomy, although effective, is associated
with a high risk of complications. Pembrolizumab, by harnessing the body’s immune
system, offers a less invasive approach that can preserve bladder function in a significant
number of patients [94]. Considering these promising results, pembrolizumab is gaining
importance as an important therapeutic option for the treatment of BCG-refractory NMIBC.
Ongoing studies are aimed at confirming these results and exploring the possibility of
using pembrolizumab in combination therapies, which may improve patient outcomes [95].

3.6. Bladder Cancer Treatment
3.6.1. Transurethral Resection of Bladder Tumor (TURBT)

Transurethral resection of bladder tumor (TURBT) is considered the gold standard
in the diagnosis and treatment of non-invasive bladder cancer. This procedure aims not
only to potentially cure selected bladder tumors but also to accurately determine the
stage of the tumor, especially in high-risk tumors and muscle-invasive lesions that require
additional therapy, such as radical cystectomy or chemoradiotherapy. Although TURBT
is an effective treatment, its main challenge is the high recurrence rate, ranging from 35%
to 70%, indicating the need for improvement of this technique. To improve the results,
additional resection (re-TURBT) after 4–6 weeks or the use of photodynamic diagnostics
(PDD) during the first procedure is often recommended. PDD allows for better detection
and removal of tumors, which reduces the risk of residual tumors. Studies have shown
that early re-TURBT can significantly reduce the recurrence rate by better estimating
the risk of disease progression [96]. Although transurethral resection of bladder tumor
(TURBT) has been the mainstay of bladder cancer treatment for decades, it has some
challenges that require improvement. The traditional “incision and dispersion” technique
fragments the tumor, which can increase the risk of tumor spread and complicate accurate
histological assessment, as well as lead to incomplete resection. In addition, there is a risk
of perioperative complications, such as bladder perforation and acute urinary retention.
Due to the high risk of disease recurrence and progression, new resection techniques are
gaining increasing attention, which may improve treatment outcomes. One of the most
promising advances is en bloc resection of bladder tumor (ERBT), which allows for the
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removal of the tumor in its entirety, preserving its structure and margins. As a result,
ERBT can provide better pathological assessment, reduce the risk of recurrence, and reduce
the number of perioperative complications. Studies have shown that ERBT leads to high-
quality resection, with the presence of the detrusor muscle in almost all cases, making this
method a promising alternative to conventional TURBT and an important step forward in
the treatment of bladder cancer [97].

3.6.2. Mycobacterium Bovis Bacillus Calmette–Guérin (BCG)

Mycobacterium bovis Bacillus Calmette–Guérin (BCG) is a bacterial strain that was
created after 230 recultivations of pathogenic Mycobacterium bovis by Albert Calmette
and Camille Guérin in 1921. BCG was initially developed as a vaccine against tuberculosis
and remains the only commercially available vaccine against this disease to this day. In the
1970s, BCG began to be used in the treatment of bladder cancer, particularly in patients with
non-muscle-invasive bladder cancer (NMIBC). Intravesical BCG infusions have become the
standard of care for high-risk NMIBC, where they help prevent recurrence and progression
of the disease after transurethral resection of the tumor (TURBT). The mechanism of action
of BCG is based on the stimulation of a local immune response in the bladder, leading to the
destruction of residual tumor cells. This therapy consists of an initial induction phase of six
weeks, followed by maintenance therapy that can last from one to three years, depending
on the risk of relapse. Although BCG is an effective therapy, it is not free from side effects.
Many patients experience flu-like symptoms and bladder irritation, and in rare cases more
serious complications can occur, such as systemic BCG infection, which requires intensive
antibiotic treatment. It is also worth noting that there are differences in toxicity and efficacy
between different BCG sub-strains. Comparative studies suggest that some sub-strains
may cause more side effects than others, but the results are inconsistent. In the context
of the global shortage of BCG that has occurred in recent years, medical guidelines have
been adapted to optimally manage available resources, including the use of lower doses
or alternative therapies in patients at intermediate risk. Despite these challenges, BCG
remains the gold standard for the treatment of NMIBC, and new, personalized therapeutic
approaches are being developed that may replace or complement this therapy in the
future [98,99].

3.6.3. Cystectomy
Radical Cystectomy

Radical cystectomy, recommended by the National Comprehensive Cancer Network
(NCCN), is considered the standard treatment for patients with muscle-invasive bladder
cancer. This procedure involves the complete removal of the bladder and associated
organs. In men, it involves the removal of the prostate, and in women, the uterus, ovaries,
and part of the vagina. Cystectomy is a complex surgery that can take from 4 to 8 h,
depending on the stage of the cancer and the extent of reconstruction of the urinary tract.
The effectiveness of radical cystectomy is supported by studies showing that patients
who undergo this procedure have significantly better survival rates compared with those
who receive alternative therapies, such as chemotherapy, radiation therapy, or medical
supervision. For example, the five-year survival rate after cystectomy ranges from 62%
to 80% in patients with stage II cancer, whereas in patients with stage IV cancer, it ranges
from 0% to 36% [100]. Although postoperative mortality has been significantly reduced
compared to previous years, the postoperative morbidity rate remains high, which is
due to the complexity of the procedure itself, especially in the case of advanced urinary
diversion (UD) techniques. The success of the operation depends on the experience of
the surgeon, and insufficient practice in different UD techniques may lead to a higher risk
of complications. The most common complications after cystectomy include infections,
bleeding, deep vein thrombosis, bowel injuries, and complications related to urinary
diversion, such as anastomotic strictures or leaks. In the long term, patients may also suffer
from metabolic disorders, bowel dysfunction, and urinary continence problems. Two key
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factors influencing improved outcomes are increasing the surgical volume (i.e., the number
of surgeries performed) and reducing long-term postoperative complications. To achieve
these goals, it is necessary to standardize the definitions of complications, standardize
postoperative monitoring of patients, and collect prospective data, which will allow for
further improvement of the results after cystectomy [101].

Partial Cystectomy

Partial cystectomy (PC) with bilateral pelvic lymph node dissection is being considered
as an alternative treatment for muscle-invasive bladder cancer in carefully selected patients.
Although PC is not a standard approach for the treatment of this type of cancer, it is an
acceptable option for approximately 5–10% of patients who meet specific clinical criteria,
such as unifocal disease without carcinoma in situ (CIS). There are case reports in the
literature in which PC has been shown to be effective, with fewer complications compared
to radical cystectomy (RC), making it a less burdensome alternative, especially for patients
who cannot undergo RC due to the risk of high morbidity. Although retrospective data
suggest that PC can lead to acceptable oncological outcomes, especially in the short term, its
long-term efficacy compared to RC remains controversial. Therefore, PC is recommended
only for appropriately selected patients, and further studies are needed to better define its
role in the comprehensive treatment of bladder cancer [102].

Conservative techniques, such as trimodality therapy, are gaining popularity as an
alternative to radical cystectomy for muscle-invasive bladder cancer (MIBC). Trimodal-
ity therapy, consisting of maximal transurethral resection (TURBT), radiotherapy, and
chemotherapy, has been shown to be effective in carefully selected patients. A 2023 study
showed that the five-year metastasis-free survival was about 75% with trimodality ther-
apy, which is comparable to radical cystectomy. In a study of 722 patients, there was
no significant difference in disease-specific survival or overall survival in the short term
between patients who underwent trimodality therapy and those who underwent radical
cystectomy. Furthermore, the five-year overall survival rate was 73% for patients who
received trimodality therapy, suggesting that it is a valuable option for patients who do not
wish to undergo or are unable to undergo cystectomy [103].

Other studies suggested that trimodality therapy may be further improved with
modern radiotherapy techniques, such as intensity-modulated radiotherapy (IMRT), and
the use of new drugs, such as immune checkpoint inhibitors [104].

These results show that trimodality therapy can be an effective option for selected
patients, offering similar survival outcomes while preserving bladder function, although
long-term comparisons suggest some advantage over radical cystectomy in terms of overall
survival at 5 and 10 years [105].

3.6.4. Systemic Chemotherapy
Neoadjuvant (Preoperative) Chemotherapy

Platinum-based neoadjuvant chemotherapy (NCT) is considered the standard treat-
ment strategy for muscle-invasive bladder cancer (MIBC). Its introduction before local-
regional therapy, such as radical cystectomy, leads to a significant improvement in overall
survival. Meta-analyses and the results of many randomized clinical trials confirmed
that the use of cisplatin-based combination chemotherapy, especially in regimens such
as methotrexate, vinblastine, doxorubicin, and cisplatin (MVAC) and gemcitabine and
cisplatin/carboplatin (GC), contributes to a significant reduction in the risk of death com-
pared with surgery alone. Although both regimens are effective in the neoadjuvant setting,
current data suggest that MVAC may provide better survival outcomes compared to GC, al-
though the differences in pathological response between these regimens are not statistically
significant. Cisplatin-based NCT, with the appropriate dose and intensity of treatment,
should be a common preoperative therapy, although further studies are needed to better
define the optimal treatment regimen and its long-term benefits [106]. Newer studies from
2023 indicate that in patients who cannot receive cisplatin, the gemcitabine/carboplatin
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regimen (Gem/Carbo) is used. Although Gem/Carbo has less toxicity, it does not offer as
large an overall survival benefit as cisplatin regimens [107].

Recent studies indicate that neoadjuvant chemotherapy for cT2–4, N0, and M0 disease
can lead to a 5–10% increase in cancer-specific survival (CSS). NCT can also reduce the
number of micro-metastases prior to surgical treatment. However, in some patients, this
treatment may be ineffective, which may result in a delay in surgery with potentially
serious consequences, while exposing them to the toxicity of the therapy [108].

Adjuvant Chemotherapy (Postoperative)

Adjuvant cisplatin-based chemotherapy is an important strategy in the treatment of
muscle-invasive bladder cancer, leading to significant improvements in clinical outcomes.
Results from ten randomized clinical trials (RCTs) indicated a 6% absolute benefit in overall
survival at five years (from 50% to 56%), with an 18% reduction in the risk of death
(HR = 0.82, 95% CI = 0.70–0.96, p = 0.02). Additionally, adjusted analyses for age, sex,
pT stage, and pN stage showed an even larger survival benefit of 9% (from 50% to 59%).
Adjuvant chemotherapy also improved relapse-free survival by 11%, locoregional relapse-
free survival by 11%, and metastasis-free survival by 8%. The effect of treatment on these
parameters confirms its efficacy in reducing the risk of relapse and metastasis, which
translates into better long-term outcomes. Despite some limitations related to the diversity
of chemotherapy protocols and the premature termination of some studies, the results of
the meta-analysis indicated significant benefits of adjuvant chemotherapy, making it an
important tool in the treatment of bladder cancer [109]. In 2019, a work was published, the
aim of which was to compare the efficacy and parameters of the therapy data. The results
of this article are presented below in the form of a table (Table 8).

Table 8. Comparison of neoadjuvant and adjuvant therapy [110].

Category Neoadjuvant Therapy (NC): Adjuvant Therapy (AC):

Group of patients 656 patients with MIBC 325 patients with MIBC

Type of study Retrospective Retrospective

Median follow-up time Not specified, but analyzed over 5 years Not specified, but analyzed over 5 years

Result in direct comparison (DFS) Statistically significant improvement in
DFS (HR: 0.78, 95% CI: 0.63–0.96, p = 0.02) No significant DFS improvement

Result in direct comparison (OS)
No statistically significant improvement

in OS (HR: 1.08, 95% CI: 0.83–1.39,
p = 0.57)

No statistically significant improvement
in OS (HR: 1.06, 95% CI: 0.79–1.43,

p = 0.70)

Result in confounder-adjusted model No differences after propensity score
adjustments for pT and pN

No differences after propensity score
adjustments for pT and pN

Benefit DFS benefit, lower disease progression Immediate chemotherapy benefit
post-surgery for patients not pre-treated

Risk Potential undertreatment or advanced
disease due to incomplete staging

Potentially higher risk of overtreatment
or chemoresistance

Disadvantages Higher rates of patients with pathologic
lymph node involvement (pN+)

Less effective in patients with advanced
disease (pT3–pT4)

Importance of patient selection Critical, as initial clinical staging might
underestimate the disease

Important for high-risk patients who did
not receive preoperative chemotherapy

Notes
Includes a significant percentage of
patients with nodal metastasis and
residual disease (ypT1 or higher)

Patient cohort includes those with more
advanced pathology after surgery,
potentially influencing outcomes

3.6.5. Radiotherapy

Radiotherapy plays an important role in both palliative and curative treatment of
bladder cancer, although its use is associated with some technical challenges. These
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difficulties arise from problems with visualizing the tumor, as well as variability in the
size and position of the bladder during treatment. To improve the accuracy and efficacy
of radiotherapy, magnetic resonance imaging (MRI) is increasingly used, which provides
better soft tissue contrast, allowing more precise localization of the tumor and assessment
of disease severity. The introduction of hybrid MR-Linac systems, combining MRI scanning
capabilities with a linear accelerator, allows for real-time adaptation of the treatment plan,
which may benefit patients through more precise dose delivery and reduced radiation
exposure to healthy tissue. Although MRgRT (magnetic-resonance-guided radiotherapy)
has the potential to improve treatment outcomes, further studies are needed to confirm
its clinical efficacy. Radiotherapy, as part of a multimodality strategy, achieves results
comparable to radical cystectomy, and long-term bladder preservation is possible in a
significant proportion of patients. However, before routinely implementing this technology,
solid evidence from randomized controlled trials is needed to confirm its efficacy and
benefits for patients with bladder cancer [111]. Additional studies are currently underway
on the combination of radiotherapy with chemotherapy, as described in a study published
in 2021. The article argues that radiotherapy combined with chemotherapy (cRT) has
potential benefits in the treatment of patients with bladder cancer, especially after prior
neoadjuvant chemotherapy. In a study of 117 patients, 74% of whom received gemcitabine
with cisplatin or carboplatin, cRT improved locoregional control (LRC) compared with
radiotherapy (RT) alone, although this difference was not statistically significant. There was
no difference in overall survival (OS) between cRT and RT. Although grade ≥ 3 toxicity was
higher in the cRT group (33% vs. 22% in the RT group), this difference also did not reach
statistical significance. Importantly, radiotherapy combined with chemotherapy did not
negatively affect the quality of life of patients. The results suggest that cRT may improve
local disease control, but further studies with larger numbers of participants are needed to
confirm these observations [112].

3.6.6. Immunotherapy

Immunotherapy is a modern and increasingly effective approach to treating bladder
cancer, especially in advanced and metastatic cases. Unlike traditional methods, such as
surgery, chemotherapy, or radiotherapy, immunotherapy works by mobilizing the patient’s
immune system to fight cancer cells on its own. In recent years, immune checkpoint
inhibitors (ICIs), such as PD-1/PD-L1 and CTLA-4 blockers, have played a key role in
the treatment of advanced bladder cancer. Drugs, such as atezolizumab, nivolumab,
pembrolizumab, and durvalumab, have been approved for both adjuvant and first-line
treatment of patients with advanced disease. Particularly in the adjuvant context, im-
munotherapy is used after surgery in patients at high risk of disease recurrence. Clinical
trials, such as the CheckMate 274 study, have confirmed that nivolumab, as an adjuvant
therapy, can significantly reduce the risk of relapse in patients with advanced bladder
cancer, especially in those with high PD-L1 expression. As a result, checkpoint inhibitors
have become a key tool in the fight against disease relapse, improving long-term patient
outcomes. Immunotherapy is also used in the first-line treatment of advanced bladder
cancer, especially in patients who are not eligible for cisplatin-based chemotherapy. In
such cases, PD-1/PD-L1 inhibitors, such as pembrolizumab and atezolizumab, can be used
as first-line therapy. This has been confirmed in clinical trials, which have shown that
checkpoint inhibitors in this group of patients lead to prolonged overall survival compared
to traditional methods, especially in patients with PD-L1-positive tumors. In addition,
maintenance immunotherapy after response to chemotherapy, e.g., with durvalumab, has
been shown to be effective in patients who have shown an initial response to cisplatin or
carboplatin. In patients whose disease has progressed after first-line cisplatin/carboplatin
therapy, checkpoint inhibitors have shown significant efficacy. The use of pembrolizumab
or atezolizumab in patients who have failed to respond to platinum-based chemotherapy
leads to improved overall survival and prolonged progression-free survival [113]. This
is particularly important for patients in whom previous treatment options have failed.
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Although immunotherapy is promising, its efficacy depends on many factors, including
the PD-L1 expression level, tumor genetics, and the patient’s gut microbiome. High PD-L1
expression is strongly associated with a better response to checkpoint inhibitors, but not all
patients with positive PD-L1 respond to treatment, indicating the need for further studies
to better understand the mechanisms of resistance. Other factors, such as the patient’s
general condition, comorbidities, and genetic and molecular characteristics of the tumor,
may also affect the efficacy of immunotherapy. Currently, new immuno-oncology therapies
are being investigated, including antibody conjugates, such as enfortumab vedotin, which
may improve the efficacy of urothelial cancer treatment. These novel therapies, combining
monoclonal antibodies with cytotoxic molecules, offer hope for further improving the
efficacy of advanced bladder cancer treatment, especially in patients who have failed other
treatments [114]. Enfortumab vedotin (EV) has been approved by the European Medicines
Agency (EMA) as a third-line treatment for patients with advanced bladder cancer who
have previously received platinum-based chemotherapy and immunotherapy with check-
point inhibitors. EV, an antibody–drug conjugate, targets the Nectin-4 protein, which is
highly expressed in bladder cancer cells, leading to selective killing of these cells. The
approval of this drug was due to its efficacy in improving overall survival compared to
standard chemotherapy and its tolerable safety profile in patients with advanced urothelial
cancer who had previously received platinum therapy and PD-1/PD-L1 inhibitors. It is also
worth mentioning the ongoing clinical trials, such as the EV-103 study, evaluating the use of
enfortumab vedotin in the neoadjuvant setting. A study of patients with muscle-invasive
bladder cancer (MIBC) who were cisplatin-ineligible has shown promising results. In
the phase 1b/2 EV-103 (Cohort H) study, enfortumab vedotin was used as preoperative
monotherapy in patients scheduled for radical cystectomy and lymph node dissection
(RC+PLND). Patients who received three cycles of EV achieved a pathological complete
response (pCR) rate of 36.4% and a pathological stage reduction rate (pDS) of 50%. Addi-
tionally, the event-free survival (EFS) rate at 12 months was 76.4%, confirming the efficacy
of neoadjuvant EV therapy. The treatment was also well tolerated, with the most common
adverse events being fatigue (45.5%), dysgeusia (36.4%), and alopecia (31.8%) [115].

3.7. Different Strategies Depending on the Level of Advancement—Summary

Bladder cancer treatment depends on the stage of the disease and includes a variety of
approaches, from surgery to systemic therapies. For non-invasive bladder cancer (stage 0),
the primary treatment is transurethral resection of the tumor (TURBT) with fulguration,
often supplemented with intravesical chemotherapy or BCG immunotherapy to prevent
recurrence. In stage I, treatment is also based on TURBT, but patients with recurrent
disease may require partial or total cystectomy. In stages II and III, the main options are
radical cystectomy or a combination of chemotherapy and radiotherapy. Chemotherapy is
often administered before surgery to improve treatment outcomes. In stage IV, treatment
consists of systemic chemotherapy, often combined with immunotherapy or palliative
radiotherapy, depending on the extent of metastasis and the patient’s general condition. A
significant advancement in the treatment of advanced bladder cancer is the use of avelumab
maintenance therapy after first-line chemotherapy. Clinical data indicate that avelumab
maintenance therapy provides a significant advantage in progression-free survival (PFS)
and overall survival (OS) in patients with advanced disease who have achieved disease
control after platinum-based chemotherapy. This therapy is becoming the new standard of
care in this context. In the case of recurrent bladder cancer, treatment is adapted to previous
therapies and may include chemotherapy, immunotherapy, or targeted therapy. In advanced
stages and relapses, palliative therapy may also be a priority to improve the quality of life of
patients [96–116].

3.8. Clinical Trials for Bladder Cancer

Historically, combining platinum-based therapies, such as cisplatin or carboplatin,
with immunotherapy has not shown a clear OS advantage over chemotherapy alone.
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This is particularly true for the combination of these platinum drugs with checkpoint
inhibitors in earlier-phase studies. However, recent clinical evidence suggests that the
combination of cisplatin and nivolumab, especially as first-line therapy, has shown a
significant improvement in OS compared with cisplatin alone. This finding represents a
promising development in the optimization of treatment for advanced bladder cancer.

Despite numerous achievements in diagnostics and treatment, there is still an urgent
need to develop new therapeutic strategies and optimize existing methods. Due to the
dynamic development of oncology in recent years, we have observed an intensification
of clinical trials on various forms of bladder cancer therapy, including immunotherapy,
targeted therapies, and innovative approaches in chemotherapy and radiotherapy. The
literature review from 2020 to 2024 includes both early-phase studies (I–II) and those in
advanced stages (III–IV), which allows for a comprehensive understanding of current
trends and perspectives in bladder cancer treatment. The presented clinical studies not only
provide data on potential therapeutic benefits, but also shed light on possible side effects
and limitations that may influence the selection of optimal therapy in everyday clinical
practice. Figure 8 shows the number of clinical trials for bladder cancer published between
2020 and 2024, identified using the PubMed search engine. The search was performed
using a combination of keywords, such as “bladder cancer”, “clinical trial”, and “therapy”.
Data on the number of clinical trials were counted based on the PubMed search results,
limiting them to the years 2020–2024.
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3.8.1. Selected Clinical Trials from 2020

The POUT trial, an open-label, randomized, controlled phase 3 clinical trial, was
designed to evaluate the efficacy of adjuvant platinum-based chemotherapy in patients
with upper urinary tract urothelial carcinoma (UTUC). The trial was conducted at 71 clin-
ical sites in the United Kingdom. It included 261 patients who had undergone radical
nephrectomy and had pT2-T4, pN0–N3 M0, or pTany N1–3 M0 UTUC. Participants were
randomly assigned to one of two groups: observation, or 4, 21-day cycles of chemother-
apy. Randomization was central and based on a random-effect minimization algorithm.
The chemotherapy regimen included intravenous cisplatin (70 mg/m2) or carboplatin
(AUC 4.5/AUC 5 for glomerular filtration rate < 50 mL/min) on day 1 of the cycle, and
intravenous gemcitabine (1000 mg/m2) on days 1 and 8 of the cycle. Chemotherapy was
initiated within 90 days of surgery. Monitoring included standard cystoscopic, radiological,
and clinical examinations. The primary endpoint of the study was disease-free survival
(DFS), analyzed according to the intention-to-treat principle using the Peto–Haybittle rule
to assess treatment efficacy. The results of the study showed that adjuvant chemotherapy
significantly improved disease-free survival (DFS) in patients with UTUC. The hazard
ratio (HR) was 0.45 (95% CI 0.30–0.68, p = 0.0001) with a median follow-up of 30.3 months.
The three-year event-free survival was estimated at 71% in the chemotherapy group, com-
pared with 46% in the observation group. Of the 126 patients who started chemotherapy,
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44% experienced grade 3 or higher acute adverse events, which was consistent with the
expectations for the toxicity of the treatment regimen. In the observation group, only 4% of
patients had grade 3 or higher acute adverse events. There were no treatment-related
deaths in the study. The findings of the POUT study suggested that gemcitabine- and
platinum-based chemotherapy initiated within 90 days after radical nephrectomy should
be considered as the new standard of care for patients with locally advanced urothelial
cancer of the upper urinary tract, as it significantly improved disease-free survival [117].

A phase 3 clinical trial in patients with locally advanced or metastatic urothelial cancer
was designed to evaluate the efficacy of avelumab maintenance therapy in combination
with the best supportive care versus supportive care alone. The trial included patients
who had not progressed following first-line platinum-based chemotherapy (gemcitabine
plus cisplatin or carboplatin). Participants were randomly assigned to receive avelumab or
a control group that received supportive care alone. The primary endpoint of the study
was overall survival, assessed both in the overall patient population and in the subgroup
with positive PD-L1 status. The study results showed that the addition of avelumab
to supportive care significantly prolonged overall survival compared with supportive
care alone. In the overall population, the median overall survival was 21.4 months in
the avelumab group, compared with 14.3 months in the control group (hazard ratio for
death, 0.69). A significant improvement in overall survival was also observed in the PD-
L1-positive population, with a one-year survival rate of 79.1% in the avelumab group,
compared with 60.4% in the control group (hazard ratio for death, 0.56). The study also
showed a benefit in terms of progression-free survival, with a median progression-free
survival of 3.7 months in the avelumab group and 2.0 months in the control group in the
overall population, and 5.7 months and 2.1 months, respectively, in the PD-L1-positive
population. However, the adverse event rates were higher in the avelumab group, at 98.0%,
compared with 77.7% in the control group. Grade 3 or higher adverse events occurred
in 47.4% of patients in the avelumab group, compared with 25.2% in the control group.
The results of this clinical trial indicate a significant benefit of avelumab as maintenance
therapy in patients with advanced urothelial cancer who have not progressed after first-line
chemotherapy. This therapy prolongs overall survival, especially in the PD-L1-positive
population, although it is associated with a higher incidence of adverse events [118].

The multicenter, randomized HYBRIDBLUE clinical trial, conducted at six German
academic centers, compared the efficacy of two surgical techniques for patients with non-
muscle-invasive bladder cancer (NMIBC). The aim of the study was to determine whether
transurethral en bloc resection with submucosal hydro-dissection (TUEB) was superior
to standard transurethral resection of bladder tumors (TURBT) in terms of the quality
of resection and the ability to accurately assess histopathological muscle invasion. The
study included 305 patients who were randomly assigned to 1 of 2 treatment groups after
initial screening: TUEB, in which resection was assisted by hexaminolevulinate (HAL), or
TURBT, in which HAL was also used as an aid for visualization of lesions. The primary
objective of the study was to compare the proportion of tissue samples that could be
reliably assessed for the presence of muscularis propria and the margins of resection (R0
vs. R1), which are crucial for assessing the completeness of the procedure and planning
further treatment. Additional aspects included completeness of resection, presence of
muscularis propria in the specimens, recurrence rate, and the rate and type of postoperative
complications. The final analysis included 115 patients, 56 of whom underwent TUEB and
59 TURBT. The results of the study showed that 86% of patients in the TUEB group had
adequate histopathological slides to accurately assess muscle invasion, compared with
63% in the TURBT group (p = 0.006). Furthermore, complete tumor removal (R0) was
confirmed in 57% of patients in the TUEB group, compared with only 9% in the TURBT
group (p < 0.001). There were no major complications (class ≥III) in either group. At
3 months after the procedure, disease recurrence occurred in 3 patients in the TUEB group
and 7 in the TURBT group, whereas at 1 year, this number increased to 19 and 11 patients,
respectively (p = 0.33 and p = 0.08). In summary, the results of this study indicate that
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TUEB is a safe technique and provides better conditions for histopathological evaluation
compared with standard TURBT resection. Although the differences in recurrence rates
were not statistically significant, the results suggest that TUEB may reduce the need for early
adjuvant resections. However, further studies are needed with recurrence-free survival as
the primary endpoint, which will allow for a more precise assessment of the oncological
efficacy of both methods [119].

The NCT03998371 clinical trial prospectively recruited patients with urothelial cancer
and cancer-free controls. The aim of the study was to develop a non-invasive diagnostic
method for urothelial cancer by low-coverage whole-genome sequencing of DNA from
exfoliated urine cells. Analyses were performed using the Illumina HiSeq XTen system,
followed by the use of a dedicated bioinformatics workflow, called Urine Exfoliated Cells
Copy Number Aberration Detector (UroCAD), to identify chromosome copy number
changes. In the discovery phase of the study, urine samples from 126 patients with urothelial
cancer and 64 samples from non-cancer individuals were analyzed. Patients with cancer
had multiple and characteristic chromosome copy number changes that were absent or
much less pronounced in the control group. Based on these changes, a diagnostic model
was developed, UroCAD, which included all autosomal chromosome changes. The model
achieved an AUC of 0.92, with a 95% confidence interval ranging from 89.4% to 97.3%. At
the optimal diagnostic threshold of |Z| ≥ 3.21, the model had a sensitivity, specificity, and
accuracy of 82.5%, 96.9%, and 89.0%, respectively. A statistically significant correlation
was also found between positive prediction and tumor stage (p = 0.01). External validation
was performed in a further part of the study on 95 participants. The UroCAD test detected
urothelial cancers with a sensitivity of 80.4%, a specificity of 94.9%, and an AUC of 0.91.
These results were significantly better than those of traditional cytological tests, which had
a sensitivity of only 33.9% (p < 0.001) with comparable specificity (94.9% vs. 100%, p = 0.49).
The study suggests that UroCAD may be an effective and non-invasive diagnostic method
for urothelial cancer, with better sensitivity than cytological tests, while maintaining similar
specificity. It could potentially be used for both early detection of cancer and monitoring
for recurrence, reducing the need for invasive diagnostic procedures, such as cystoscopy,
which would significantly reduce the burden on patients [120].

To optimize the treatment of non-muscle-invasive bladder cancer (NMIBC), an appli-
cation (APPv) was developed and evaluated in a prospective, double-blind, observational
study of therapy compliance. The aim of the study was to assess the compliance of treat-
ment prescriptions for NMIBC, including both overall compliance and adjustment for
disease recurrence and progression rates, comparing APPv recommendations with clinical
decisions made by urologists based on their experience. The study was conducted in a
sample of 100 patients with histologically confirmed NMIBC, both at initial diagnosis and
at later stages of disease. The study compared the therapy recommended by the application
with the therapy recommended by the urologist to determine the degree of compliance
between the two methods. The results showed that in 64% of cases, the treatment recom-
mended by the urologist was consistent with that recommended by the application, as
evidenced by a kappa score of 0.55 (p < 0.0001). Across risk subgroups, agreement was 77%
for low-risk patients (kappa 0.55, p = 0.002), 63% for intermediate-risk patients (kappa 0.52,
p < 0.0001), 17% for high-risk patients (kappa 0.143, p = 0.014), and 66% for very high-risk
patients (kappa 0.71, p = 0.01). The efficacy analysis showed that patients who received
adjuvant intravesical therapy according to the app recommendations remained free from
relapses in 89.1% of cases, compared with 61.1% of patients who were noncompliant with
the app (p = 0.0004), translating into a relative risk (RR) of 0.46 (95%CI: 0.25–0.86) versus RR
of 2.4 (95%CI: 1.5–3.8, p = 0.001). Moreover, in the group of patients whose treatment was
consistent with the app and urologist’s recommendations, all patients remained free from
disease progression, whereas in the group where there was discordance, the percentage was
88.9% (p = 0.004), with an RR of 1 versus RR of 1.125 (95%CI: 1–1.26, p = 0.004). In summary,
the results of the study suggest that the APPv app can effectively support adherence to
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treatment recommendations consistent with clinical guidelines, which may translate into
better health outcomes in patients with NMIBC [121].

3.8.2. Selected Clinical Trials from 2023 (Table 9)

A global, randomized, phase 3 clinical trial was conducted to evaluate the efficacy of
erdafitinib versus chemotherapy in patients with metastatic urothelial cancer harboring
susceptible FGFR3 or FGFR2 alterations. The study population included patients whose
disease had progressed after one or two prior therapies, including checkpoint inhibitors,
such as anti-PD-1 or anti-PD-L1 antibodies. Participants were randomly assigned to one of
two treatment groups: one group received erdafitinib and the other received chemotherapy
of the investigator’s choice (docetaxel or vinflunine). The primary objective of the study
was to compare overall survival (OS) between the groups. A total of 266 patients were
included in the study, of whom 136 were assigned to receive erdafitinib and 130 to receive
chemotherapy. The median follow-up time was 15.9 months. The study results showed that
the median overall survival was significantly longer in the erdafitinib group (12.1 months)
compared with the chemotherapy group (7.8 months). The hazard ratio for death was
0.64 (95% confidence interval 0.47–0.88, p = 0.005), indicating a 36% reduction in the
risk of death in the erdafitinib group. In addition, the median progression-free survival
(PFS) was also longer in the erdafitinib group (5.6 months) than in the chemotherapy
group (2.7 months), with a hazard ratio for progression or death of 0.58 (95% CI 0.44–0.78,
p < 0.001). In terms of safety, the incidence of grade 3 or 4 adverse events was similar in the
two groups, at 45.9% and 46.4%, respectively. In contrast, treatment-related adverse events
leading to death were less common in the erdafitinib group (0.7%) than in the chemotherapy
group (5.4%). In summary, the results of the study showed that erdafitinib treatment
resulted in significantly longer overall survival compared with chemotherapy in patients
with metastatic urothelial cancer with FGFR alterations who had previously received
checkpoint inhibitors [122]. A randomized clinical trial was conducted to assess the efficacy
of selenium and vitamin E supplementation in preventing recurrence and progression
of non-muscle-invasive bladder cancer (NMIBC). The study included 270 patients with
newly diagnosed NMIBC, recruited from 10 secondary and tertiary care hospitals in the
United Kingdom. Participants were randomly assigned to one of four groups to receive
different combinations of supplements: selenium plus placebo, vitamin E plus placebo,
selenium plus vitamin E, or placebo plus placebo. Recruitment to the study took place
between 17 July 2007 and 10 October 2011, and participation was restricted to a diagnosis of
NMIBC (stages Ta, T1, or Tis) and randomization within 12 months of the first transurethral
resection of the tumor. The aim of the study was to investigate whether supplementation
with selenium and/or vitamin E could reduce the risk of disease recurrence in patients
with NMIBC. Patients received oral selenium (200 µg/day selenium-rich yeast), vitamin
E (200 IU/day d-alpha-tocopherol), or matching placebo. The mean follow-up time was
5.5 years, and 84% of participants were followed for at least 5 years. The results of the
study showed that selenium supplementation had no significant effect on reducing the risk
of bladder cancer recurrence. Compared with the control group, there was no statistically
significant difference in the relapse-free interval (RFI) in patients receiving selenium. In
contrast, vitamin E supplementation was associated with a statistically significant increase
in the risk of relapse. The hazard ratio values for vitamin E indicated an increased risk of
relapse (1.46; 95% CI 1.02–2.09), suggesting that vitamin E may be potentially harmful for
patients with NMIBC. Analyses did not show significant differences in the progression-
free interval or overall survival for either group. A total of 1957 adverse events were
recorded in the study, 85 of which were considered serious, but none of these events were
attributed to the study treatment. Due to slow recruitment of participants, the study was
prematurely terminated. The results suggested that vitamin E supplementation may not
only not be beneficial but may even pose a risk to patients with NMIBC, which requires
further investigation into the biological mechanisms of this phenomenon [123].
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The SWOG S1314 study aimed to investigate the potential role of cell-free DNA
(cfDNA) methylation as a predictive biomarker of response to neoadjuvant chemother-
apy (NAC) in patients with muscle-invasive bladder cancer (MIBC). The study included
72 patients with MIBC (cT2-T4aN0M0, ≥5 mm viable tumor) who had blood samples
collected before and during NAC treatment, as per the protocol. The aim of the study was
to determine whether cfDNA methylation signatures in plasma could be associated with
pathological response to NAC, as assessed by radical cystectomy. The study utilized the
Infinium Methylation EPIC BeadChip technology to measure cfDNA methylation. Based
on the analysis of differences in methylation between patients who achieved pathological
response (≤pT1N0) and those who did not, a predictive classifier was developed using the
Random Forest algorithm. The study results showed that cfDNA methylation level before
chemotherapy was associated with treatment response, which allowed the development of
a methylation response index (mR-score). Additionally, the mR-score obtained after the
first cycle of NAC also showed a similar predictive ability. The study also calculated the
fraction of circulating DNA from the bladder based on cfDNA methylation data, which
proved to be an additional, independent predictor of treatment response. Combining the
mR-score with the fraction of circulating bladder DNA correctly predicted pathological
response in 79% of patients based on plasma samples collected both before and after the
first cycle of NAC. Although the study provided evidence for the efficacy of cfDNA methy-
lation as a predictive biomarker of response to NAC, its limitations included the relatively
small number of participants and low levels of circulating bladder DNA in some cases.
Nevertheless, the results of this study represent an important step toward personalizing
NAC treatment in patients with bladder cancer, suggesting the potential for using cfDNA
methylation as a tool to better tailor therapy to patients’ needs [124]. Another phase 1
study evaluated the safety, tolerability, and preliminary efficacy of the novel TAR-200 drug
delivery system in patients with muscle-invasive bladder cancer who declined or were
ineligible for curative-intent therapy. Muscle-invasive bladder cancer presents a significant
therapeutic challenge, and many patients, particularly the elderly or frail ones, are unable
to undergo standard curative-intent therapies. In response to this unmet need, TAR-200, a
system that delivers gemcitabine directly to the bladder continuously over a 21-day dosing
cycle, was developed. The study included patients with cT2-cT3bN0M0 urothelial bladder
cancer who received four consecutive cycles of therapy for a total of 84 days. The primary
endpoints of the study were the assessment of the safety and tolerability of TAR-200 at
84 days. Additionally, clinical complete and partial response rates were assessed, which
were verified by cystoscopy, biopsy, and imaging techniques, as well as the duration of
response and overall survival. The study included 35 patients, 68.6% of whom were male,
with a median age of 84 years. Treatment-related adverse events occurred in 15 patients, 2 of
whom required removal of TAR-200. After 3 months of treatment, a complete response was
observed in 31.4% of patients and partial response in 8.6%, for a combined response rate of
40.0%. Median overall survival was 27.3 months, and the median duration of response was
14 months. In addition, the progression-free rate at 12 months was 70.5%. The results of
this study suggest that TAR-200 is generally safe and well tolerated in older, frail patients
and shows promising initial efficacy in a patient population with very limited treatment
options [125].

A study investigating the effect of µ-opioid receptor agonists (MORA) on the progres-
sion and metastasis of bladder cancer (BCa) provided important insight into the potential
mechanisms underlying these processes and suggested potential therapeutic directions.
MORA, commonly used to relieve pain in BC patients both during surgery and for chronic
pain management, has been shown to influence the generation of circulating tumor cells
(CTCs), which in turn contributes to the enhancement of metastasis. This study used both
preclinical models and patient studies to specifically investigate the effect of MORA on
neoplastic processes. A novel microfluidic immunocapture microchip was used to detect
changes in CTC numbers in both mouse models and BC patients. The results showed a sig-
nificant increase in the number of CTCs with epithelial and/or mesenchymal features after
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MORA treatment. Using advanced bioinformatics methods, whole transcriptome sequenc-
ing, and molecular biology techniques, the MOR/PI3K/AKT/Slug signaling pathway
was identified as a key mechanism responsible for this effect. Activation of this pathway
promoted epithelial-to-mesenchymal transition (EMT) of cancer cells, which facilitated
their migration and CTC formation. In turn, interventions blocking MOR, Slug, or PI3K
inhibited EMT and reduced the number of CTCs, suggesting that the MOR/AKT/Slug axis
may be a potential therapeutic target. The results of this study indicated that despite the
benefits of the analgesic effects of MORAs, their use may contribute to an increased risk
of metastasis by promoting the formation of circulating tumor cells. Therefore, in future
clinical interventions, it would be possible to target the EMT-CTC pathway to reduce the
negative effects of MORAs without losing their analgesic effects [126].

The RAIDER study evaluated the acute toxicity of different radiotherapy regimens
used in the treatment of bladder cancer, focusing on the comparison of hypofractionated
fractionation (55 Gy in 20 fractions) with conventional fractionation (64 Gy in 32 fractions)
and the effect of concomitant (chemo)therapy. In the randomized clinical trial, patients with
muscle-invasive bladder cancer stage T2–T4a N0 M0 were assigned to one of three groups:
standard radiotherapy, standard-dose adaptive radiotherapy, or dose-increased adaptive
radiotherapy. Neoadjuvant and concomitant chemotherapy were allowed, which allowed
for the analysis of the effect of different treatment regimens on the occurrence of acute
adverse events. The study included 345 patients, recruited from 46 centers, who received
20 or 32 fractions of radiotherapy. The median age of participants was 73 years, and 49%
of patients had received prior neoadjuvant chemotherapy. Additionally, 71% of patients
were treated with concurrent therapy, with the most common being 5-fluorouracil plus
mitomycin C. Acute toxicity, graded using the Common Terminology Criteria for Adverse
Events (CTCAE), was monitored weekly during radiotherapy and 10 weeks after treatment
initiation. The results of the analysis showed that grade 2 or higher gastrointestinal
toxicity was significantly higher in patients receiving concurrent therapy compared with
radiotherapy alone in the 20-fraction cohort, but similar differences were not observed
in the 32-fraction cohort. The highest gastrointestinal toxicity was observed in patients
treated with gemcitabine, confirming the significant differences between treatment groups
in the 32-fraction cohort. In terms of grade 2 or higher urinary tract toxicity, no significant
differences were found between different concomitant therapy regimens in both the 20-
fraction and 32-fraction cohorts. This study highlights that acute grade 2 or higher toxicity
is a common phenomenon in radiotherapy for bladder cancer, and the adverse event profile
varies depending on the concomitant therapy regimen used. In particular, gastrointestinal
toxicity seems to be more severe in patients receiving gemcitabine, which indicates the
need for further studies to optimize treatment in this group of patients [127].

Another clinical trial evaluated the safety and efficacy of OncoTherad® (MRB-CFI-
1) nano-immunotherapy in patients with non-muscle-invasive bladder cancer (NMIBC)
who had failed to respond to prior treatment with Bacillus Calmette–Guérin (BCG). This
single-arm, phase I/II study included 44 patients, of whom 59.1% were BCG-resistant,
31.8% had relapsed disease, and 9.1% were BCG-intolerant. The primary efficacy measures
were the pathological complete response (pCR) rate and relapse-free survival (RFS), while
secondary measures included the duration of response and safety. After 24 months of
follow-up, the pCR rate was 72.7% and the median RFS was 21.4 months. In the group
of patients who achieved pCR, the median duration of response was 14.3 months. Of
note, no patient developed muscle-invasive cancer or metastatic disease during treatment.
Treatment-related adverse events were reported in 77.3% of patients, with mostly grade 1–2
adverse events, indicating good tolerability of the treatment. In terms of the mechanism of
action, OncoTherad® demonstrated the ability to activate the innate immune system via
the toll-like receptor 4 (TLR4) signaling pathway, which in turn led to increased activity of
the interferon pathway. This activation was crucial for the stimulation of CX3CR1+ CD8 T
cells, which was associated with reduced expression of immune checkpoint molecules and
reversal of immunosuppression in the bladder tumor microenvironment. The results of the
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study suggest that OncoTherad® is a safe and effective treatment option for patients with
NMIBC who are BCG-refractory and may also have potential benefits in preventing tumor
relapse [128].

In a population-based study based on the Surveillance, Epidemiology, and End Re-
sults (SEER), and external validation using data from The Cancer Genome Atlas (TCGA),
prognostic nomograms were developed and validated for patients with bladder cancer
(BCa). The aim of the study was to compare the prognostic value of different lymph node
metastasis (LNM) indices and to develop prognostic tools that could aid clinical treatment
decisions. The study identified 10,093 patients with bladder cancer from the SEER database
and 107 patients from the TCGA database. The data were used to create multivariate Cox
regression models comparing the predictive performance of indices, such as N classifi-
cation, number of positive lymph nodes (PLN), lymph node ratio (LNR), and log odds
of positive lymph nodes (LODDS). The results of the analysis showed that the LODDS
score had a higher prognostic performance than the other indices in terms of both overall
survival (OS) and cause-specific survival (CSS). Based on the results, variables such as age,
LODDS, and T and M classifications were included in the OS nomograms, while the CSS
nomograms included gender, tumor stage, LODDS, and T and M classifications. These
nomograms were validated for their prognostic accuracy and clinical utility in three inde-
pendent cohorts. Furthermore, analysis of the tumor microenvironment revealed significant
differences between risk groups, suggesting that different immune profiles may influence
patient prognosis. In summary, the study demonstrated that the LODDS score is superior to
traditional lymph node metastasis indices in terms of the prognostic value for patients with
bladder cancer. The incorporation of LODDS into prognostic nomograms can significantly
improve the accuracy of prognostication, thus supporting clinical decision-making [129].
The next study assessed the performance of radiomic signatures in detecting lymph node
(LN) metastases in patients with bladder cancer (BCa), which is crucial for determining the
optimal treatment plan. This study investigated the differences in diagnostic performance
between manual and automated segmentation of LNs on computed tomography (CT)
images. Among 1354 BC patients who underwent radical cystectomy with lymph node
dissection, 391 patients were included in the study and had pathological determination of
LN status (pN0: n = 297; pN+: n = 94). Patients were randomly divided into two groups:
training (n = 274) and test (n = 117). Pelvic LN segmentation was performed both manually
and automatically. From each node, 1004 radiomic features were extracted and used to
train a machine learning model to predict lymph node (pN) status based on histopatholog-
ical results. The results obtained by radiomic analysis based on manual and automated
segmentation were compared with the assessment performed by radiologists. The receiver
operating characteristic (ROC) curve method was used to assess sensitivity, specificity, and
area under the curve (AUC). In the test group, manually segmented lymph nodes achieved
an AUC of 0.80 (95% CI 0.69–0.91, p = 0.64), while automated segmentation achieved an
AUC of 0.70 (95% CI 0.58–0.82, p = 0.17). These results were compared with the radiologist’s
assessment, for which the AUC was 0.78 (95% CI 0.67–0.89). Combining the radiomic
signature based on manual segmentation with the radiological assessment achieved an
AUC of 0.81 (95% CI 0.71–0.92, p = 0.63). The study showed that the radiomic signature
can be an effective tool for distinguishing lymph node status in BC patients, with manual
segmentation outperforming the automated approach in terms of diagnostic accuracy. The
results suggest that integrating radiomic techniques with traditional radiological assess-
ment can lead to improved disease staging, which is important for further therapeutic
decisions [130].

Another clinical trial aimed to evaluate the therapeutic effect of the combination of
Kushen (CKI) and gemcitabine in postoperative patients with non-muscle-invasive bladder
cancer (NMIBC) and to investigate the effect of this treatment on selected serum factors
and the immune system. The study included 150 patients who were randomly divided
into 2 groups. The control group (n = 75) received standard gemcitabine therapy, which
consisted of 0.2 g of gemcitabine once a week for eight weeks after surgery, followed by
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continuation of treatment in a cycle every two weeks for eight subsequent applications.
The observation group (n = 75) was treated with a CKI injection for 10 days in each of
3 cycles of therapy, in addition to gemcitabine. The study lasted two years, during which
blood biochemical parameters, serum factor levels, and changes in T-cell subsets were
monitored, as well as the safety of the therapy and the functioning of the immune system.
The results indicated that patients in both groups had a significant increase in the levels
of interferon-γ, interleukin-2 (IL-2), cell adhesion molecules (CAMs), hepatocyte CAMs,
and cysteine proteinase-8 after the end of therapy. This increase was more pronounced in
the observation group. At the same time, there was a significant decrease in the levels of
tumor necrosis factor-α (TNF-α), C-reactive protein (CRP), IL-6, and other inflammatory
and adhesion markers, such as metalloproteinases (MMP-9 and MMP-2), E-cadherin,
epithelium-specific CAMs, soluble CAM-1, hepatic CAMs, vascular endothelial growth
factor (VEGF), and fibroblast growth factor (FGF). The decrease in these parameters was also
more pronounced in the group of patients receiving additional CKIs. Moreover, a significant
decrease in the frequency of disease relapses and adverse events was observed in the
observation group compared to the control group. The study results suggest that combining
CKI therapy with gemcitabine may not only effectively alleviate clinical symptoms and
reduce the inflammatory response, but also improve the safety of treatment, reducing the
risk of adverse events and improving the overall efficacy of treatment in patients with
NMIBC [131].

Table 9. Summary of clinical trials in bladder cancer [117–136], 2020–2024.

Year References Study Phase Key Findings

2020 [117] Phase 3

The POUT trial showed that adjuvant
chemotherapy with gemcitabine and platinum

initiated within 90 days post-nephrectomy
significantly improved disease-free survival

(DFS) in upper urinary tract urothelial
carcinoma patients compared to observation.

2020 [118] Phase 3

Avelumab maintenance therapy significantly
prolonged overall survival in advanced

urothelial cancer patients who did not progress
after first-line chemotherapy, particularly in

PD-L1-positive patients.

2020 [119] Randomized

The HYBRIDBLUE trial demonstrated that
transurethral en bloc resection with submucosal

hydro-dissection (TUEB) was superior to
standard TURBT for histopathological

assessment in non-muscle-invasive bladder
cancer. TUEB achieved more accurate muscle

invasion assessment and higher rates of
complete tumor removal with fewer

complications.

2020 [120] Phase 1

The SAKK 06/14 study of VPM1002BC for
non-muscle-invasive bladder cancer patients
who failed BCG therapy demonstrated safety

and induced a strong immune response.

2020 [121] Phase 1–2

BioXmark® liquid markers demonstrated high
visibility and positional stability during
image-guided radiotherapy for invasive

bladder cancer, improving treatment precision
without related adverse events.
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Table 9. Cont.

Year References Study Phase Key Findings

2020 [122] Phase 3

The use of intraoperative warmed fluids during
robot-assisted radical cystectomy reduced the

risk of hypothermia, decreased blood
transfusions, and shortened hospitalization.

2020 [123] Phase 2

IMRT in patients with node-positive bladder
cancer (NPBC) and high-risk node-negative

bladder cancer (NNBC) was feasible, with low
toxicity, low recurrence rates, and potential for

long-term disease control.

2020 [124] Phase 3

The KEYNOTE-045 trial demonstrated durable
antitumor activity of pembrolizumab in

advanced urothelial cancer patients who failed
prior platinum-based chemotherapy, with better
tolerance and fewer adverse events compared

to chemotherapy.

2020 [125] Randomized

High-intensity interval training (HIIT)
significantly improved exercise capacity

(VO2AT) and reduced blood pressure in older
patients before major urological surgery,

suggesting better cardiovascular health and
potential for improved surgical outcomes.

2020 [126] Prospective

The NCT03998371 trial developed UroCAD, a
non-invasive diagnostic method for urothelial
cancer based on whole-genome sequencing of

exfoliated urine cells, achieving better
sensitivity and specificity than traditional

cytological tests.

2021 [127] Phase 3

Nadofaragen firadenovec, a novel gene therapy,
achieved a 53.4% complete response rate in

BCG-refractory non-muscle-invasive bladder
cancer patients within 3 months, offering a new

treatment option.

2021 [128] Phase 3

The GETUG/AFU V05 VESPER trial showed
that dose-escalated chemotherapy with

dd-MVAC improved local control in
muscle-invasive bladder cancer compared to

the GC regimen, though it was associated with
more severe toxicity.

2021 [129] Observational

SNPs of lncRNA TINCR were associated with
increased or decreased risk of bladder cancer,

depending on the variant, with polymorphisms
affecting the expression of miRNAs, indicating

potential regulatory mechanisms.
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Table 9. Cont.

Year References Study Phase Key Findings

2021 [130] Randomized

HoLRBT was shown to be as effective as TURBT
in treating NMIBC, with fewer complications

and shorter catheterization and hospitalization
times.

2021 [131] Randomized

En bloc resection with green light laser was
superior to traditional TURBT for non-muscular
bladder cancer in reducing obturator reflex and

blood loss, providing better-quality
histopathological samples.

2021 [132] Phase 3

The VESPER trial compared GC and dd-MVAC
chemotherapy regimens, showing that four

cycles of cisplatin-based chemotherapy before
cystectomy is sufficient for optimal pathological
outcomes without significant deterioration in

renal function.

2021 [133] Phase 2

RC48-ADC, a HER2-targeted antibody–drug
conjugate, achieved a 51.2% ORR in HER2+
advanced urothelial cancer patients with a

median OS of 13.9 months, showing promising
efficacy and safety.

2021 [134] Phase 3

A 14-miRNA hypoxia signature was developed
and validated, showing prognostic value in

bladder cancer patients receiving carbogen and
nicotinamide combined with radiotherapy,
improving local recurrence-free survival.

2021 [135] Retrospective

A predictive model for lymph node invasion
(LNI) in extended lymph node dissection

(PLND) was developed, showing moderate
prediction accuracy (AUC 73%) and suggesting

the need for better patient selection for
extended PLND.

2021 [136] Randomized

Plan-of-the-Day (POD) adaptive radiotherapy
in muscle-invasive bladder cancer reduced

severe nongenitourinary toxicity (6% vs. 13%)
and achieved good local disease control at 3

months (81.3%).

2022 [137] Phase 3

The BC2001 study indicated that adding
chemotherapy (fluorouracil and mitomycin C)
to radiotherapy for muscle-invasive bladder

cancer improves locoregional control and
decreases the need for cystectomy.

2022 [138] Randomized

Diabetic patients using metformin had better
overall survival and disease-specific survival

compared to non-metformin users and
nondiabetic patients with non-muscle-invasive

bladder cancer treated with BCG.
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Table 9. Cont.

Year References Study Phase Key Findings

2022 [139] Observational

APPv application for NMIBC treatment
adherence showed improved treatment

outcomes when its recommendations were
followed, especially in high-risk and very

high-risk patients.

2022 [140] Prospective

The ADXBLADDER test effectively detected
high-grade recurrence in low-grade

non-muscle-invasive bladder cancer, potentially
reducing the need for invasive surveillance

cystoscopy.

2022 [141] Randomized

Levofloxacin combined with intravesical BCG
therapy reduced the severity of frequent

urination and fever while improving long-term
progression-free survival and cancer-specific

survival in NMIBC patients.

2022 [142] Phase 1/2

LSAM-DTX showed promising safety, efficacy,
and immune response in high-risk

non-muscle-invasive bladder cancer patients,
with prolonged recurrence-free survival in
higher-dose groups and minimal systemic

exposure.

2022 [143] Phase 2b

The Optima II trial demonstrated that UGN-102,
a chemoablative gel with mitomycin, was a safe
and effective non-surgical treatment for NMIBC,
with high patient satisfaction and no significant

worsening of urinary symptoms.

2022 [144] Randomized

Coated silicone catheters with biofilm-inhibiting
technology showed lower bacterial colonization

compared to standard Foley catheters in
patients after radical cystectomy, though
CAUTI rates were similar in both groups.

2022 [145] Prospective

Low serum 25-hydroxyvitamin D levels were
significantly associated with bladder cancer,

especially the muscle-invasive form, but did not
show significant prognostic value for recurrence

in NMIBC.

2022 [146] Phase 1

Oncofid-P-B showed high safety and efficacy in
patients with carcinoma in situ (CIS) of the

bladder who did not respond to BCG treatment,
with 75% achieving complete response (CR)

after 12 weeks and 40% maintaining CR after 12
months.

2023 [147] Phase 3

Erdafitinib significantly improved overall
survival and progression-free survival

compared to chemotherapy in metastatic
urothelial cancer patients with FGFR2/3
alterations who had previously received

checkpoint inhibitors.
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Table 9. Cont.

Year References Study Phase Key Findings

2023 [148] Randomized

Vitamin E supplementation increased the risk of
relapse in NMIBC patients, while selenium

supplementation showed no significant effect in
preventing recurrence or progression of the

disease.

2023 [149] Prospective

cfDNA methylation signatures were predictive
of response to neoadjuvant chemotherapy in

muscle-invasive bladder cancer, with a
methylation response index (mR-score)

correctly predicting pathological response in
79% of patients.

2023 [150] Phase 1

The TAR-200 drug delivery system
demonstrated safety, tolerability, and a 40%

response rate in patients with muscle-invasive
bladder cancer who were ineligible for or

declined curative-intent therapies.

2023 [151] Preclinical/Patient
study

µ-opioid receptor agonists (MORA) were
shown to increase circulating tumor cells in

bladder cancer patients, potentially promoting
metastasis via the MOR/AKT/Slug signaling

pathway.

2023 [152] Randomized

The RAIDER study highlighted that acute grade
2 or higher toxicity is common during

radiotherapy for bladder cancer.
Gastrointestinal toxicity was more severe in
patients receiving concurrent gemcitabine
therapy compared to other regimens. No

significant differences in urinary tract toxicity
were found between regimens.

2023 [153] Phase 1/2

OncoTherad® (MRB-CFI-1)
nanoimmunotherapy demonstrated a 72.7%

pathological complete response (pCR) rate in
BCG-refractory NMIBC patients, with a median

relapse-free survival of 21.4 months. The
treatment was well tolerated, with mostly mild
to moderate adverse events. The mechanism of

action involved activation of the TLR4 and
interferon pathways, enhancing CD8+ T-cell

activity and reversing immunosuppression in
the tumor microenvironment.

2023 [154] Population-based

A study based on SEER and TCGA databases
developed and validated prognostic

nomograms for bladder cancer patients. The
LODDS (log odds of positive lymph nodes)

score showed superior prognostic performance
over traditional lymph node metastasis indices

in predicting both overall survival (OS) and
cause-specific survival (CSS). Incorporating

LODDS into nomograms significantly
improved the accuracy of prognostication and

could aid in clinical decision-making.
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2023 [155] Diagnostic

A radiomics study assessing manual versus
automated lymph node segmentation in

bladder cancer patients found that manual
segmentation outperformed automated
segmentation, achieving an AUC of 0.80

compared to 0.70. Combining manual radiomic
analysis with traditional radiological

assessment improved lymph node metastasis
detection, enhancing diagnostic accuracy and

disease staging for further therapeutic
decisions.

2023 [156] Randomized

A clinical trial evaluating the combination of
Kushen (CKI) and gemcitabine in postoperative

NMIBC patients demonstrated a greater
reduction in inflammatory markers (TNF-α,

CRP, and IL-6) and a more pronounced increase
in immune response markers (IFN-γ and IL-2)

compared to gemcitabine alone. CKI also
improved treatment safety, reduced the

frequency of relapses, and alleviated clinical
symptoms.

2024 [157] Phase 2

A phase II study investigating the COXEN gene
expression model found that molecular

subtypes of muscle-invasive bladder cancer
(basal squamous, luminal, and neuronal) were
modest predictors of pathological response to

neoadjuvant chemotherapy, with limited impact
on long-term outcomes, such as

progression-free survival (PFS) and overall
survival (OS). Further research is needed to

understand their role as predictive biomarkers.

2024 [158] Phase 1b

The PrECOG PrE0807 study evaluated the
safety and efficacy of neoadjuvant nivolumab,

with or without lirilumab, in cisplatin-ineligible
patients with muscle-invasive bladder cancer

(MIBC). Nivolumab-based neoadjuvant
immunotherapy was well tolerated, with a
2-year relapse-free survival of 73–71% and

overall survival of 82–89%. The combination
therapy significantly increased CD8+ T-cell

density, indicating potential immune activation.

2024 [159] Phase 1

A phase I study combining sacituzumab
govitecan (SG) and enfortumab vedotin (EV) for

metastatic urothelial cancer showed a 70%
objective response rate, including three

complete responses. Maximum tolerated doses
were determined, and treatment was generally
well tolerated with support from G-CSF. These
promising results suggest potential for further

studies.
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2024 [160] Phase 2

Disitamab vedotin (RC48-ADC) demonstrated a
50.5% objective response rate in patients with
HER2-positive locally advanced or metastatic

urothelial cancer, with a median
progression-free survival of 5.9 months and

overall survival of 14.2 months. The treatment
was well tolerated with manageable adverse

events, making it a promising therapy for this
patient population.

2024 [161] Phase 2

The LUX-Bladder 1 trial evaluated afatinib, an
irreversible ErbB family inhibitor, in patients

with ERBB1–3 mutations in advanced urothelial
cancer. The objective response rate was

5.9–12.5%, and progression-free survival was
9.8–7.8 weeks. Tumors with ERBB2

amplification or the basal-squamous phenotype
showed better responses. Common adverse

events included diarrhea, with 9.5% of patients
experiencing grade 3 events.

3.8.3. Selected Clinical Trials from 2024

A phase II study evaluated the association of molecular subtypes with pathologic
response, progression-free survival (PFS), and overall survival (OS) in patients with muscle-
invasive bladder cancer treated with neoadjuvant chemotherapy (NAC). The aim of the
study was to use the COXEN (Co-expression Extrapolation) gene expression model to
identify patients who would best respond to NAC. The COXEN model included specific
results for two chemotherapy regimens: methotrexate, vinblastine, adriamycin, and cis-
platin (ddMVAC) and gemcitabine/cisplatin (GC). The study included 237 patients who
were randomly assigned to receive 4 cycles of ddMVAC (51% of patients) or GC (49% of pa-
tients). Based on transcriptomic data obtained from the Affymetrix platform, patients were
divided into molecular subtypes using three classifiers: TCGA (five subtypes), Consensus
(six subtypes), and MD Anderson (three subtypes). The aim of the analysis was to assess
whether molecular subtypes could predict response to NAC and whether they increased the
predictive value of the COXEN model. Of the participants, 155 patients had available gene
expression data, had received at least 3 of 4 NAC cycles, and underwent radical cystectomy,
which allowed for the assessment of pathological response. The analysis noted that the
TCGA classifier divided into three groups (basal squamous, neuronal, and luminal infiltrat-
ing) and the COXEN score for the GC regimen showed the highest values of the area under
the curve (AUC) for complete pathological response (pT0). In contrast, the Consensus
classifier, which had three subtype categories (basal squamous/neuroendocrine, luminal,
and stroma-rich), slightly improved the prediction of pathological downstaging (<pT2).
The AUC increased from 0.57 (using only stratification factors) to 0.61, suggesting a modest
benefit from adding this classifier. Despite these results, no statistically significant associa-
tions were observed between molecular subtypes and progression-free survival (PFS) or
overall survival (OS). The results of the study suggest that although molecular subtypes
may have some prognostic value in terms of pathological response to chemotherapy, they
do not show strong correlations with long-term clinical outcomes, such as PFS and OS. The
conclusions of the study indicate the need for further research to better understand the role
of molecular subtypes as predictive biomarkers in the treatment of bladder cancer [132].

The PrECOG PrE0807 study is a phase 1b study designed to evaluate the feasibility
and safety of neoadjuvant nivolumab, either as monotherapy or in combination with
lirilumab, in patients with muscle-invasive bladder cancer (MIBC) who are ineligible for or
refuse cisplatin-based chemotherapy. Neoadjuvant cisplatin-based chemotherapy before
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radical cystectomy (RC) has been shown to improve overall survival in MIBC, but many
patients are unable to receive this treatment, creating a need to seek alternative therapies.
In the study, patients with cT2-4aN0-1M0 MIBC who were ineligible for cisplatin were
administered two doses of nivolumab (480 mg) before RC. Patients were divided into
two cohorts: the first received nivolumab alone, and the second received the combination
of nivolumab with lirilumab (240 mg). The primary objective of the study was to determine
the incidence of grade 3 or higher treatment-related adverse events (TRAEs) according to the
Terminology Criteria for Adverse Events (CTCAE) version 5.0. Additionally, the proportion
of patients who underwent RC more than 6 weeks after the last dose of treatment, changes
in CD8+ T-cell density between transurethral resection of bladder tumor (TURBT) and RC,
ypT0N0 and <ypT2N0 rates, and 2-year relapse-free survival (RFS) and overall survival
(OS) were analyzed. The study included 43 patients, 41 of whom underwent planned RC.
There was no grade 3 TRAE in the nivolumab monotherapy group, whereas grade 3 TRAEs
occurred in 7% of patients in the combination group, but all of these events resolved, and
no grade 4 or 5 TRAEs were reported. There were also no delays in RC beyond 6 weeks.
The ypT0N0 rates were 17% and 21% in the two cohorts, respectively, and the <ypT2N0
rates were 25% and 32%. The two-year relapse-free survival was 73% and 71%, and the
two-year overall survival was 82% and 89%, respectively. Importantly, a significant increase
in CD8+ T-cell density was observed in the nivolumab plus lirilumab cohort. The study
showed that nivolumab-based neoadjuvant immunotherapy was well tolerated and safe in
patients with MIBC who were not eligible for cisplatin. Although the ypT0N0 rates were
lower than in other studies, the two-year survival rates were comparable to those in other
studies of neoadjuvant immunotherapy. These results suggest that nivolumab may be an
effective alternative for patients who are ineligible for cisplatin-based chemotherapy, which
is currently being studied in another clinical trial (NCT03661320) [133].

Another phase I study evaluated the safety and efficacy of combining two antibody–
drug conjugates (ADCs): sacituzumab govitecan (SG) and enfortumab vedotin (EV), in the
treatment of metastatic urothelial cancer (mUC). Both SG and EV are standard monother-
apies in the treatment of mUC, but because of their different mechanisms of action and
molecular targets, we decided to investigate whether their combination could provide
additional clinical benefit. The study included patients with metastatic urothelial cancer
who had disease progression despite prior platinum-based therapy and/or immunotherapy.
A key inclusion criterion was having an Eastern Cooperative Oncology Group (ECOG)
performance status of 0 or 1, meaning that patients had to be in relatively good general
condition. The therapy consisted of the administration of a combination of SG and EV
on days 1 and 8 of a 21-day cycle. Treatment was continued until disease progression or
toxicity that prevented further treatment. The primary objective of the study was to assess
the incidence of dose-limiting toxicities (DLTs) during the first treatment cycle, with the
aim of establishing the maximum tolerated dose (MTD) for this therapeutic regimen. The
study used a Bayesian Optimal Interval model, which allows for flexible dose adjustments
depending on adverse events. Response rates (ORR), progression-free survival (PFS), and
overall survival (OS) were also assessed. Between May 2021 and April 2023, 24 patients
were enrolled in the study, 23 of whom started therapy. The median age was 70 years,
and 11 patients had received at least 3 prior lines of therapy. Grade 3 or higher adverse
events occurred in 78% of patients (18/23) regardless of the assigned dose, including one
fatal event (pneumonia, probably related to enfortumab vedotin). Based on the data ob-
tained, the recommended doses for Phase II are 8 mg/kg for SG and 1.25 mg/kg for EV,
respectively, with additional support from granulocyte-stimulating factor (G-CSF). The
maximum tolerated doses were established at 10 mg/kg for SG and 1.25 mg/kg for EV. The
objective response rate was 70%, with 16 patients achieving a response (95% confidence
interval: 47–87%), including 3 complete responses. Three patients had disease progression
as their best response. The median follow-up was 14 months, and 9 patients had ongoing
responses, including 6 for more than 12 months. In conclusion, the combination of saci-
tuzumab govitecan and enfortumab vedotin in the treatment of metastatic urothelial cancer
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showed promising results, especially in terms of high response rates and a significant num-
ber of complete clinical responses. These results suggest the therapeutic potential of this
combination and indicate the need for further studies in subsequent clinical phases [134].

A clinical trial evaluated the efficacy and safety of disitamab vedotin (DV, RC48-ADC),
a novel humanized antibody against human epidermal growth factor receptor 2 (HER2),
in patients with locally advanced or metastatic urothelial cancer (UC) that overexpressed
HER2. Disitamab vedotin, an antibody conjugate of the cytotoxic monomethyl auristatin E,
was evaluated in two open-label, multicenter, single-arm phase II studies (RC48-C005 and
RC48-C009). The studies included patients with HER2-positive urothelial cancer that had
progressed after at least one line of systemic chemotherapy. HER2 positivity was defined
as an immunohistochemical score of 3+ or 2+. Patients received DV at a dose of 2 mg/kg
every other week as an intravenous infusion. The primary endpoint was the objective
response rate (ORR), which was assessed by an independent expert review committee
(BIRC). Additionally, progression-free survival (PFS), overall survival (OS), and the safety
profile of the drug were analyzed. A total of 107 patients were included in the study.
The ORR was confirmed to be 50.5% (95% CI 40.6–60.3), indicating promising efficacy of
the drug. These results were consistent across subgroups, including patients with liver
metastases and those previously treated with checkpoint inhibitors (PD-1/PD-L1). The
median duration of response was 7.3 months (95% CI 5.7–10.8), and the median PFS and OS
were 5.9 months (95% CI 4.3–7.2) and 14.2 months (95% CI 9.7–18.8), respectively. The most
common treatment-related adverse events included peripheral sensory neuropathy (68.2%),
leukopenia (50.5%), aspartate aminotransferase (AST) elevation (42.1%), and neutropenia
(42.1%). Grade 3 or higher adverse events occurred in 54.2% of patients, with the most
common being sensory neuropathy (18.7%) and neutropenia (12.1%). The study showed
that disitamab vedotin has significant efficacy and an acceptable safety profile in the
treatment of patients with locally advanced or metastatic HER2-positive urothelial cancer
who had failed prior systemic therapies. The results suggest that DV may be an important
treatment option in this group of patients [135]. A phase II clinical trial (LUX-Bladder 1,
NCT02780687) evaluated the efficacy and safety of afatinib, an irreversible ErbB family
inhibitor, in patients with advanced urothelial cancer with ERBB1–3 mutations. The study
was open-label, single-arm, and participants received afatinib at a dose of 40 mg once
daily as a second-line treatment. The primary objective of the study was to assess 6-month
progression-free survival (PFS6) in patients with metastatic urothelial cancer. The study
included 34 patients in cohort A and 8 patients in cohort B. The results showed that the PFS6
rate was 11.8% in cohort A and 12.5% in cohort B, respectively. The objective response rate
(ORR) was 5.9% in cohort A and 12.5% in cohort B, and the disease control rate (DCR) was
50.0% and 25.0%, respectively. The median progression-free survival (PFS) was 9.8 weeks
in cohort A and 7.8 weeks in cohort B, and the median overall survival (OS) was 30.1 weeks
and 29.6 weeks, respectively. The study observed a partial response in three patients, two
of whom had ERBB2 amplification in cohort A and one with EGFR amplification in cohort
B. Despite promising results in some patients, phase 2 of the study in cohort A was not
conducted due to lack of sufficient antitumor activity at interim analysis. In terms of safety,
all patients experienced adverse events, most commonly diarrhea, which occurred in 76.2%
of patients, 9.5% of whom had grade 3 diarrhea. Two treatment discontinuations were
related to adverse events, and one adverse event resulted in death due to acute coronary
syndrome, although this event was not considered treatment related. Biomarker analysis
showed that tumors with a basal-squamous phenotype and those with ERBB2 amplification
may have a better response to afatinib, suggesting the need for further investigation in
these patient subgroups [136].

3.9. Analysis of Limitations and Challenges in Bladder Cancer Diagnosis and Treatment

Survival rates vary depending on the type of bladder cancer. Five-year survival is 96%
for in situ carcinoma but drops to 5% for distant metastases (Table 10) [162].
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Table 10. Bladder cancer survival chart by stage.

Stadium Nowotworu Pięcioletni Wskaźnik Przeżycia (%)

Wszystkie 76
In situ 96

Zlokalizowany 70
Regionalny 35

Odległy 5
Nieznany 46

3.9.1. Biomarkers

Biomarkers, such as FGFR3, TP53, NMP22, BTA, or UroVysion, are increasingly com-
monly used in bladder cancer diagnosis, but their effectiveness is not without drawbacks.
For example, FGFR3 (fibroblast growth factor receptor 3) is one of the best-studied biomark-
ers associated with bladder cancer, but its effectiveness is mainly limited to low-grade
tumors. This biomarker is rarely present in more aggressive, advanced forms of cancer,
which makes its prognostic value limited. In addition, tests such as NMP22 and BTA are
prone to false-positive results, especially in cases of urinary tract infection or inflammation.
This limits their usefulness in routine diagnostics, especially in patients with comorbidities,
where additional tests are necessary to confirm the diagnosis. UroVysion (FISH-based test),
although precise, is expensive and time-consuming, which hinders its widespread use in
clinical practice. Future research should focus on identifying panels of biomarkers that may
include different molecular pathways, such as miRNA signaling or mutator gene expres-
sion. Combining several biomarkers could increase diagnostic sensitivity and specificity, as
well as enable prediction of response to specific therapies, such as immunotherapy.

3.9.2. Therapies

Neoadjuvant chemotherapy, although the standard of care for muscle-invasive bladder
cancer, is associated with numerous side effects and does not always lead to complete
pathological response. Even patients who have successfully achieved pT0 disease may
experience relapses. Furthermore, limited access to chemotherapy or immunotherapy
may lead to inequalities in treatment outcomes, especially in less developed countries.
The development of resistance to therapies, such as chemotherapy or immunotherapy, is
also a major challenge. For example, immunotherapy with checkpoint inhibitors, such
as atezolizumab or nivolumab, has shown promising results in patients with advanced
bladder cancer, but not all patients respond to such treatments, and some develop resistance
after an initial response. Emerging research should focus on identifying biomarkers of
response to immunotherapy that can help predict which patients will benefit from this
treatment. In the context of personalized therapies, genomic studies could enable better
tailoring of treatment to specific cancer mutations. Targeted therapies, such as FGFR or
PARP inhibitors, are promising areas that should be further explored in combination with
other treatments.

3.9.3. Future Research Directions

In response to current challenges, future research should focus on several key areas:

• Development of non-invasive biomarker technologies, such as analysis of circulating
tumor DNA (ctD-NA) in body fluids, which could enable monitoring of bladder cancer
progression and assessment of therapy efficacy without the need for invasive procedures.

• Introduction of multi-agent therapies, which could include a combination of targeted
therapies, immunotherapy, and radiotherapy to minimize tumor resistance.

• Studies of the tumor microenvironment (e.g., the role of regulatory T cells and tumor-
associated macrophages), which could enable the development of new immunomodu-
latory therapies.
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The application of omics (genomics, proteomics, and metabolomics) in bladder cancer
research could lead to the identification of new therapeutic targets and diagnostic markers,
which would significantly improve patient outcomes. Combined with developments in
digital technologies, such as big data and machine learning, future research could enable a
more individualized approach to the diagnosis and treatment of bladder cancer.

4. Conclusions

Bladder cancer (BCa) is the most common malignancy of the urinary system and
the fourth most common cancer in men, especially after the age of 45, with the highest
incidence in the age group of 80–84 years (Table 11).

Table 11. Characterization of bladder cancer causes.

Cancer Type Geographical
Occurrence

% of Bladder
Tumors Age Sex Ratio

(M/F)

Main
Predisposing

Factors

Prognosis
(5-Year

Survival), %

Main
Symptoms

Transitional cell
carcinoma (TCC)

All over the
world,

especially
common in
developed
countries

90–95

Usually
over

50 years of
age

3:1

Tobacco
smoking,

occupational
exposure to

chemicals (e.g.,
aromatic
amines),

chronic urinary
tract infections,

arsenic
exposure

50–80
(depending on

stage and
treatment

Hematuria,
frequent

urination, pain
during

urination,
sudden urge to

urinate

Squamous Cell
Carcinoma (B-SCC)

Middle East,
Southeast Asia,
South America

20–30 50–59 5:1 Bilharziasis,
UTI ~50–60

Hematuria,
irritating
bladder

symptoms

Squamous Cell
Carcinoma
(NB-SCC)

Western
countries 2–5 70–79 3:2

Catheters,
chronic

inflammation,
irritants, UTI

33–48 Hematuria

Adenocarcinoma

Rare, more
common in

schistosomia-
sis endemic

regions (Africa,
Middle East)

0.5–2.0 Usually
60–69 2:1

Schistosomiasis,
bladder

exstrophy,
chronic

inflammation,
cystic and
glandular

cystitis

18–30
(depending on

stage and
treatment)

Hematuria,
symptoms of

bladder
irritation
(frequent

urination, pain
during

urination)

Carcinosarcoma

Rare
worldwide, no

specific
geographic

patterns

<1%
Usually

older
adults

More common
in men

No specific
factors, may be

related to
smoking and

chronic
infections

Low, due to the
aggressiveness

of the tumor

Hematuria,
frequent

urination, pain
during

urination

Small Cell
Carcinoma

Rarity
worldwide <1%

Usually
older

people,
average

age around
60–70 years

3:1

Smoking,
chronic cystitis,

chemical
exposure

Very low,
around 8–20

Hematuria,
dysuria,
frequent

urination,
symptoms
related to
metastasis
(bone pain,

weight loss)

In 2021, approximately 573,000 new cases were diagnosed worldwide, of which 75%
were non-muscle-invasive (NMIBC) and the remaining 25% were muscle-invasive (MIBC).
Morbidity and mortality rates vary geographically, with higher rates in Europe, North
America, and Australia and lower rates in Asia and Africa. High risk factors include
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tobacco smoking, chemical exposure, and chronic urinary tract infections. Tobacco smoking
increases the risk of bladder cancer by about 50%, and long-term smoking increases this risk
even further. Modern diagnostics are based on imaging methods, such as cystoscopy, com-
puted tomography, or intravenous urography, as well as histopathological examinations
obtained after transurethral resection of the tumor (TURBT). Early detection of the tumor is
crucial for the effectiveness of treatment, which depends on the stage of the disease. Modern
therapeutic approaches include surgery, chemotherapy, immunotherapy, and molecularly
targeted therapies. In non-invasive forms of the disease (NMIBC), TURBT treatment is
preferred, with the possibility of using intravesical therapy, such as BCG (Bacillus Calmette–
Guérin). In advanced cases, especially in the muscle-invasive stage, radical cystectomy is
often used in combination with neoadjuvant or adjuvant chemotherapy. In clinical trials
on new methods of BCa treatment, special attention is paid to immunotherapy, including
checkpoint inhibitors, which show promising results in improving the survival of patients
with advanced disease. Molecularly targeted therapies based on specific genetic mutations
are becoming increasingly common, offering hope for a more personalized approach to
bladder cancer treatment. To further improve the prognosis and efficacy of bladder cancer
treatment, it is crucial to focus on several strategic areas. First, the development of less
invasive and more precise diagnostic tests, such as narrowband imaging (NBI) or photody-
namic diagnostics (PDD), could contribute to wider use of screening, especially in high-risk
groups, such as smokers. Second, improving the availability of modern therapies, such as
immunotherapy and molecularly targeted therapies, especially in low-resource countries,
could significantly improve survival rates. Also, introducing more widespread genetic
testing for bladder cancer patients could contribute to better tailoring therapy to individual
needs, which in turn would increase treatment efficacy and reduce side effects. In terms of
prevention, continuing and intensifying anti-smoking programs, especially in developing
countries, can significantly reduce the number of new cases. Future prospects include
further development of new drugs, research on the effectiveness of combination therapies,
and investment in biomarker research that can contribute to more precise diagnostics and
monitoring of treatment responses. Improving international cooperation in clinical trials
and better funding for research can bring significant progress in bladder cancer treatment
on a global scale.
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