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Simple Summary: Due to the high heterogeneity and variability of bladder cancer, the identification
of new biomarkers involved in the development and mechanisms of tumor progression and resis-
tance to treatment offers the possibility of adapting our treatment options based on the molecular
characteristics of each specific tumor subtype. In recent years, liquid biopsy has emerged as an
innovative technique to analyze unique tumor components released into the peripheral circulation in
body fluids such as blood and urine. This review presents the most recent advances in researching
the applicability of liquid biopsy in bladder cancer, as well as an update on the most commonly used
biomarkers and new techniques for their evaluation. The advantages and disadvantages of these
methods are outlined based on the recent literature on the subject.

Abstract: Bladder cancer (BC) is one of the most common tumors in the world. Cystoscopy and
tissue biopsy are the standard methods in screening and early diagnosis of suspicious bladder
lesions. However, they are invasive procedures that may cause pain and infectious complications.
Considering the limitations of both procedures, and the recurrence and resistance to BC treatment, it
is necessary to develop a new non-invasive methodology for early diagnosis and multiple evaluations
in patients under follow-up for bladder cancer. In recent years, liquid biopsy has proven to be a very
useful diagnostic tool for the detection of tumor biomarkers. This non-invasive technique makes it
possible to analyze single tumor components released into the peripheral circulation and to monitor
tumor progression. Numerous biomarkers are being studied and interesting clinical applications for
these in BC are being presented, with promising results in early diagnosis, detection of microscopic
disease, and prediction of recurrence and response to treatment.
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1. Introduction

Bladder cancer is the ninth most common cancer worldwide and the tumor most
diagnosed in the urinary tract. Its incidence is increasing, and it is particularly high
in Western Europe and North America [1]. The main histological subtype is urothelial
carcinoma (uBC), which is diagnosed up to 90% of the time. Other subtypes are squamous
carcinoma (SCC) (5%), adenocarcinoma (0.5-2%), and small-cell carcinoma (<1%) [2].

A histological classification system for UCs, which included papillary urothelial
neoplasm of low malignant potential (PUNLMP) and non-invasive papillary carcinoma
low-grade (LG) and high-grade (HG), was published by the World Health Organization
(WHO) in 2004. Then, this system was incorporated into the revised WHO classifications
for 2016-2022. It replaced the previously used 1973 WHO classification, which simply
differentiated grades one (G1), two (G2), and three (G3). However, a downside of the change
was that the WHO 1973 classification was more effective in predicting the development
of TaT1 NMIBC compared to the WHO 2004 /2016 classification. Furthermore, they were
similarly limited in that the WHO 1973 and the WHO 2004 /2016 were both prognostic for
progression but not for recurrence. Today, a combination (LG/G1, LG/G2, HG/G2, and
HG/GS3) of both classification methods is used, which offers a more detailed method of
patient stratification among specific categories and has demonstrated its superiority over
either individual classification system.

According to the TNM classification, BC is divided into two groups: non-muscle-
invasive bladder cancer (NMIBC) and muscle-invasive bladder cancer (MIBC). In BC
patients, almost 75% are diagnosed in the non-muscle-invasive cancer (NMIBC) stage and
can then eventually progress to muscle-invasive bladder cancer (MIBC). The standard
therapeutic method in NMIBC is transurethral bladder resection (TURB) followed by
intravesical chemotherapeutic drugs (mitomycin-C, epirubicin, pirarubicin, or gemcitabine)
or a bacteria-based immunotherapy called Bacillus Calmette-Guérin (BCG), depending
on the risk [3]. Meanwhile, due to high rate of recurrence and progression in the muscle-
invasive stage, particularly in high-risk tumors, patients require close follow-up with
multiple cystoscopies and urine cytology, which entails a high economic cost for the health
care system.

Currently, cystoscopy and tumor tissue biopsy remain the gold-standard diagnostic
tools, although they are still invasive and can lead to pain and infective complications [4].
In addition, other disadvantages of taking this approach, such as sampling bias or difficulty
of sampling deep tumors, limit its use in large-scale screening. Meanwhile, less invasive
techniques like urine cytology (has high sensitivity in HG and G3 tumors (84%) but low
sensitivity in LG/G1 tumors (16%)) and ultrasound are limited in their diagnostic poten-
tial, especially in low-grade tumors [5]. Furthermore, other imaging modalities such as
computed tomography (CT) scans or magnetic resonance imaging (MRI) may have certain
limitations in their clinical application due to the potential risks associated with ionizing
radiation exposure, the high costs involved, and the delay often involved in identifying
recurrence or metastasis [6,7]. Today, the poor sensitivity and other limitations of cytology
and the complications associated with invasive techniques greatly motivate clinicians to
find new diagnostic, prognostic, and predictive methods, though doing so presents a seri-
ous challenge. In one avenue of research development, it is proposed that the identification
of urinary biomarkers could improve and enhance the diagnosis and screening techniques
and enable us to determine a more accurate recurrence rate.

Furthermore, in the context of MIBC and/or advanced /metastatic BC, certain clinico-
pathological features have demonstrated prognostic significance. These include gender,
urothelial tumor subtype, presence of lymphovascular invasion, involvement of prostatic
urethra, previous radiotherapy, TNM stage, local recurrence, nodal involvement, distant
metastasis, previous chemotherapy, and perineural invasion and death.

The standard of care for MIBC is radical cystectomy. If the patient undergoing this
procedure is suitable, the addition of neoadjuvant platinum-based chemotherapy has
been shown to improve complete response rates at surgery and overall survival (6-8% at



Cancers 2024, 16, 803

3 0f24

5 years). Alternatively, for patients who are not candidates for radical cystectomy due
to comorbidities, there is the option of performing a bladder preservation protocol with
TUR + radiotherapy +/— chemotherapy. However, clinical outcomes are poor and MIBC
patients progress to receive other treatments as their cancer spreads to the lymph nodes
and other sites, and approximately half of these patients develop metastases and die within
3 years [8].

In this context, optimizing medical treatment and reducing morbidity are major
goals [9]. Great potential is held by immunotherapy, and particularly the use of immune
checkpoint inhibitors (ICls) targeting the programmed death 1 (PD-1)/programmed death
ligand 1 (PD-L1) axis, which confers benefits for the treatment of different forms of UBC.
ICIs targeting PD-1 (pembrolizumab) or PD-L1 (atezolizumab) have been approved as
first-line therapy of metastatic MIBC platin-ineligible patients or as second-line therapy
for patients with metastatic urothelial bladder carcinoma (mUC). Moreover, nivolumab
(anti-PD-L1/2) has recently been approved for use in high-risk non-metastatic advanced
MIBC (pT3-4 or N+), and avelumab (anti-PD-L1) has been shown to facilitate 14-21 months
of maintenance after a good response to first-line metastatic MIBC treatment [10]. However,
despite the promising results in 20-35% of patients with advanced or recurrent BC, the
overall survival remains limited, indicating the complexity of tumor-induced immune
alteration. In that context, there is an urgent need to understand the mechanisms of
tumor immune evasion and resistance to immunotherapies. This will have the added
advantage of opening up opportunities for developing new therapeutic approaches that
reduce recurrences and progression and enhance patient outcomes.

Today, driven by ambitions to overcome the limitations of the current diagnostic
methods, new approaches are emerging to improve our understanding of the molecular
landscape of BC. For instance, in recent years, liquid biopsies have enabled the genera-
tion of genomic profiles from various extracted body fluids (such as blood, urine, saliva,
cerebrospinal, and pleural fluids), which are tested for a strong correlation with the ge-
nomic profiles of tumors [11,12]. Liquid biopsy is the term used to describe the analysis
of biomarkers in body fluids. It is becoming important for determining the genomic land-
scape of cancer patients, assessing their treatment responses, quantifying whether there is
minimal residual disease, and evaluating therapeutic resistance.

This method avoids invasive procedures while yielding molecular information com-
parable to that obtained from traditional tissue biopsies [13,14]. Since liquid biopsy serves
as a non-invasive technique, it enables periodic monitoring of tumor biomarkers. This
monitoring facilitates the assessment of tumor progression, aids in the selection of person-
alized treatment strategies, and provides valuable information on therapeutic responses.
Additionally, liquid biopsy offers the ability to collect different molecules like circulating
tumor cells (CTCs), circulating cell-free tumor DNA (ctDNA), circulating cell-free tumor
RNA (ctRNA), proteins, peptides, and metabolites. These components can be extracted
from a single sample and employed in various tests (see Figure 1) [15,16].

Furthermore, liquid biopsy offers an added advantage in mitigating or eliminating
false information caused by disparities within the tumor, thereby overcoming the variability
associated with genomic information derived from tissue analysis, which can depend on
the location and accessibility of the tumor [17]. Various lines of evidence suggest that
tumor heterogeneity may play a role in the diverse clinical outcomes observed in MIBC and
NMIBC, and several studies have compared results between conventional urine cytology
and new tests based in liquid biopsy, generally finding that the new tests are more sensitive
than cytology and have greater specificity [18,19].

Liquid biopsy has produced novel findings already. For instance, mutations in DNA
damage repair genes [20,21] and somatic mutations in tyrosine-protein kinase receptor
2 (ERBB2) [22] have been linked to excellent responses to neoadjuvant chemotherapy (NAC)
in patients with muscle-invasive bladder cancer (MIBC). Meanwhile, gain-of-function
mutations in fibroblast growth factor receptor 3 (FGFR3) have been shown to be prevalent
in low-grade non-muscle-invasive bladder cancer (NMIBC). The liquid biopsy approach
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thus presents a promising alternative to tissue biopsy for disease diagnosis, monitoring
tumor progression, and assessing the treatment response [23].
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Figure 1. Overview of liquid samples and biomarkers in bladder cancer. Liquid biopsy is emerging
as a promising method. It involves using peripheral blood or urine samples for the collection and ex-
amination of six tumor components: CTCs, ctDNA, ctRNA, exosomes, metabolomics, and proteomics.
Peripheral blood and urine samples are then used to extract and examine tumor components.

Urine is the most advantageous option for BC liquid biopsy applications. This is
primarily attributed to its constant contact with the bladder mucosa and tumor, ease of
acquisition, minimal patient compliance requirements, and lower contamination compared
to blood, despite blood being the most commonly described and utilized fluid in liquid
biopsy for various cancer types. In BC diagnostics, owing to its high abundance of tumor
marker proteins and the strong correlation between markers and diseases, urine emerges as
a particularly valuable choice [24]. Then, in advanced BC stages, blood-based biomarkers
or liquid biopsies may be especially valuable as they offer a strategy to detect minimal
residual disease (MRD) earlier than conventional imaging tests [25].

In sum, for all the reasons described here and more, the landscape of precision
medicine in oncology is changing towards liquid biopsy. A multitude of studies have
underscored the significant role of this non-invasive test in the comprehensive manage-
ment of patients with BC across various stages [26]. To draw those together, our objective
when conducting this review was to present the most recent findings about the different
components of liquid biopsy and their clinical value in diagnosis, early recurrence detection,
and individualized treatment selection.

2. Materials and Methods

This is a narrative review based on a MEDLINE and PubMed search for contributions
in the last three years (between January 2020 and 17 September 2023) using the keywords
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“liquid biopsy”, “bladder cancer”, “immunotherapy”, “molecular landscape”, “tumor hetero-
geneity”, and “precision medicine”, which were sought within the title and/or abstract.

Selection criteria were the publication date, study type, publication source, technologi-
cal approach, clinical outcomes, and a focus on liquid biopsy.

First, we conducted a search for articles about liquid biopsy in bladder cancer. We
identified a total of 112 studies, 24 narrative reviews, 2 systematic reviews (though 1 was
excluded because it did not meet our selection criteria), and 1 multicenter study:.

After a careful review of which to include in this article, we selected those that
exposed the novelties and latest advances of liquid biopsy or described its current status of
application in bladder cancer, both in the urine and blood.

3. Tumor Heterogeneity in Advanced BC

MIBC has a significant degree of heterogeneity, manifesting as pronounced genomic
instability and a heightened frequency of somatic mutations, like in lung or pancreatic
cancer. This poses a challenge in the management of advanced disease [27]. The presence
of heterogeneity can be discerned across individuals (inter-patient heterogeneity), or within
an individual either in the form of intra-tumoral heterogeneity (among primary tumor
cells) or inter-tumoral heterogeneity (between primary or metastatic sites) [28]. Exploring
the effects of heterogeneity at the individual level across different molecular subtypes
has resulted in significant insights into the genomic landscape of MIBC. For instance, an
examination of 178 cancer-related genes in a cohort of 110 patients with MIBC revealed
that ERBB2 missense mutations are only observed in patients who respond positively
to NAC [22]. However, most of the mutations identified in these multifocal tumors are
limited to isolated fragments, suggesting that these findings may not accurately reflect the
full panel of the disease. Securing comprehensive knowledge represents a challenge in
accurately characterizing the genomic profiles of patients affected by this disease [29].

Advances in scientific technology such as next-generation sequencing (NGS) tech-
niques have allowed for improved description of tumoral heterogeneity at different levels.
NGS has been performed in several urological tumors such as renal cancer [30], prostate
cancer [31], and bladder cancer [29], making it possible to understand why treatment
failures occur and to investigate the mechanisms of resistance in these pathologies. Al-
though these techniques are not currently used in routine clinical practice, the development
of this field of research opens the door to new models of targeted therapy applicable to
precision medicine.

Based on novel findings, different classifications of MIBC subtypes have been put
forward in recent years, highlighting the importance of the progress that is being made
for the clinical stratification of patients and their responses to treatments. Based on these
molecular classifications for MIBC, diverse studies have been carried out on immune
marker expression in the different subtypes. The updated Cancer Genome Atlas (TCGA)
reported on five mRNA-expression-based molecular subtypes: luminal-papillary, luminal—-
infiltrated, luminal, basal-squamous, and neuronal [32]. In total, 412 MIBCs were identified
in the two main groups: luminal and basal-squamous. Each subtype was associated
with distinct mutational profiles, histopathological features, and prognostic and treatment
implications. In general, research has since shown better results for the luminal subtypes,
which are more greatly infiltrated by immune cells (due to higher expression of immune
biomarkers such as PD-1 and PDL-1), while the neuronal subtype has been found to have
the worst prognosis [33,34]. As for the basal/squamous subtypes, increased expression of
immune control markers and epidermal growth factor receptor (EGFR) has been observed,
and research has shown that it may result in a better response to targeted therapies. Through
such findings, these studies suggest that the response to treatments used in advanced
bladder cancer may be influenced by the genomic and molecular characteristics of each
specific MIBC subtype. Hence, genomic analyses of a single tumor biopsy or specimen
could underestimate the mutational burden of heterogenous BC.
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4. Liquid Biopsy: A New Non-Invasive Monitoring Test in BC

Molecular stratification of tumors is coming to play a crucial role in assessing the
efficacy and applicability of targeted treatments and immunotherapeutic approaches that
are being developed in BC. In this regard, given that there can be substantial inter-tumor
heterogeneity, it is important to acknowledge that analyzing a solitary sample from a
specific place may not accurately reflect the patient’s overall cancer profile. To address
this issue, liquid biopsy has emerged as a novel non-invasive methodology for conducting
a comprehensive and dynamic assessment of molecular markers that are secreted by
tumors [15].

In recent years, there have been significant advancements in the field of BC therapy,
leading to a better understanding of molecular profiles. For instance, some studies have
demonstrated the dual function of plasma cells (PCs) in both driving and controlling
cancer development [35]. A recent study has confirmed the prognostic impact and effi-
cacy of ICIs, based on crosstalk between the major functional subtypes of plasma cells
(IgG1 and IgA1l) and tumor cells. This study establishes that understanding this mechanism
is crucial for predicting clinical approaches’ influence on survival rates and response to
ICIs [36]. Despite cystoscopy being the most sensitive approach for diagnosing BC, its
rate of complications, high costs, and invasive nature have inspired efforts to develop
alternatives to this gold standard, ones that can match its sensitivity but without such
invasiveness and complications and that also demonstrate greater cost-effectiveness. In
this context, the cost of liquid biopsy analysis, involving sample collection, processing,
and specialist laboratory techniques, could limit its extensive use. Likewise, methods like
next-generation sequencing (NGS) can be costly and need specialist infrastructure and
training. The need for regular testing and ongoing monitoring may also increase overall
expenses. For liquid biopsies to be valuable in routine clinical practice, it is necessary to
achieve a balance between cost-effectiveness and therapeutic efficacy [37].

4.1. Diagnostic Potential of Circulating Tumor Cells, Circulating Non-Coding RNAs (ncRNAs),
and Cell-Free DNA

In a recent study, Kouba et al. provided a comprehensive review of the clinical
applications of various types of biomarkers detectable by liquid biopsy. Tumor-derived
cell-free DNA has presented a significant breakthrough in molecular diagnostics, with
potential clinical applications that provide solutions that were previously enigmatic [38].
By using advanced technology to investigate a blood sample, we can isolate tumor-derived
material from circulating tumor cells (CTCs), circulating nucleic acids such as cell-free DNA
(cfNDA), and non-coding RNA (ncRNA) for metabolomics. Accordingly, recent advances
in omics technologies, including genomics, epigenomics, proteomics, transcriptomics, and
metabolomics, have improved our understanding of the molecular landscape causing
cancer [39]. Although CTCs must be obtained from blood samples, cfDNa and miRNA can
be analyzed in blood or urine.

4.1.1. CICs

CTCs are tumor cells secreted into the peripheral blood circulation with intact nuclei,
characterized by cytokeratin (CK)-positive and CD45-negative markers. These cells play
an important role in the hematogenous dissemination of tumors [40]. Currently, there are
several methods for the detection and analysis of CTCs. The most commonly used methods
are reverse-transcriptase polymerase chain reaction, immunochemistry, flow cytometry,
and the CellSearch system. CellSearch is the only platform approved by the USA Food
and Drug Administration (FDA) [41]. The CellSearch kit comprises a sample preparation
kit and the CellSearch epithelial cell kit, which is used to concentrate cells expressing the
epithelial cell adhesion molecule (EpCAM). Once isolated, individual cells are stained with
the nucleic acid 40, 6-diamidino-2-phenylindole (DAPI), as well as with labeled monoclonal
antibodies that specifically target leukocytes (CD45-allophycocyanin) and epithelial cells
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(cytokeratin 8,18,19-phycoerythrin). Then, a semi-automated fluorescence microscopy
device allows computer-generated images to be generated [42].

BC, like most solid tumors, is epithelial in nature; therefore, the most commonly
used marker for CTCs is EpCAM [43], which is predominantly expressed in high-risk
tumors. In addition, one study identified EpCAM as an imaging marker for metastatic
lymphatic disease, suggesting that it may be a sensitive and robust marker for detecting
affected lymph nodes and promoting an increased rate of pathological lymph detection
after lymphadenectomy [44].

In many solid tumors, in several types of cancer and at various stages of disease, an
elevated CTC count has been associated with a worse prognosis, especially in lung, breast,
gastric, and colorectal cancer. However, in BC, CTCs have generally appeared to be a poor
prognostic marker. Nonetheless, recent studies have observed that CTC density seems to
be associated with earlier disease recurrence and shorter overall survival (OS). Therefore,
the predictive value of CTCs in BC should be considered [45-48].

Additionally, some authors have investigated a relationship between CTCs and ad-
vanced tumor stage, lymph node involvement, and OS. These findings provide evidence
that CTCs can serve as a reliable indicator of disease progression [49,50], and that the pres-
ence of CTCs may be used as a significant independent predictor of disease-free survival
(DFS). Furthermore, one study found that the number of CTCs was higher in the MIBC
group compared with the NMIBC group [51].

CTCs have been also investigated as biomarkers of treatment response. In one such
study, the authors revealed that MIBC patients treated with previous NAC had a lower
CTC density, and patients who had higher concentrations of CTCs benefitted more from
NAC treatment [50,52]. Furthermore, in relation to immunotherapy treatment, recent
studies have proposed that PD-L1 assessment via CTC monitoring could be a useful tool to
apply to optimize treatment with PD-L1 inhibitors in “non-responder” BCG patients [53].
Elsewhere in the literature, in a prospective study carried out in non-metastatic BC patients
after cystectomy, a research team analyzed the human epidermal growth factor receptor
2 (HER-2) expression in CTCs, showing that the HER2-positive CTC group could benefit
from targeted therapies; however, HER-2-negative CTCs conferred resistance against im-
munotherapy to patients with HER-2-positive primary tumors. Additionally, preoperative
CTCs were a potential predictor of early disease recurrence and cancer-specific and overall
mortality [54]. Finally, in regard to the treatment response, it was shown that the efficacy
of immunotherapies including checkpoint inhibitors, which are active in a subset of pa-
tients with positive CTCs and often induce durable responses, could be assessed by serial
whole-blood CTC assays [55].

A novel technique based on the detection of CTCs is CytoTrack, an “open” manual
research system that allows for studying various markers for CTC enumeration and charac-
terization. Although it has yet not been clinically validated, CytoTrack has been proven
to have a recovery and reproducibility matching that of CellSearch, which is promising.
CytoTrack may thus have the potential to be used in future studies including tests of CTCs
in clinical samples from breast, colon, and prostate cancer patients. Moreover, further
markers, both surface and intracellular phenotypic and genetic markers, can be explored to
improve the performance of CytoTrack across different cell types. In comparative in vitro
studies with the CellSearch system, the results for CTC number (total number of both
single cells and cells in clusters) showed similar recoveries by CytoTrack and CellSearch.
CellSearch, however, had a lower variability in the analysis, which may have been due to
the automated procedures versus the manual procedures in the CytoTrack analysis [56].
Looking to the future, to improve on the current options, several studies are investigating
novel techniques such as nanotechnology-based techniques and microfluid circuits [52].

These studies to date collectively demonstrate that the detection and analysis of
CTCs in the context of bladder cancer have numerous clinical applications in the field of
precision medicine. Specifically, in prognosis and staging, the presence of CTCs in the
bloodstream can offer insights into the aggressiveness of bladder cancer and its potential
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for metastasis, and a higher number of CTCs may be associated with a worse prognosis.
Following that, continuous monitoring of CTC levels during treatment then proves valuable
in evaluating the effectiveness of therapies. A reduction in the number of CTCs may
indicate a positive response to treatment, whereas an increase could indicate resistance or
progression. Similarly, the presence of CTCs post-treatment may indicate the persistence of
resistant tumor cells.

Furthermore, the identification of specific genetic mutations and molecular profiles of
CTCs holds the potential to inform the selection of targeted therapies or immunotherapies
that are more effective than others against the specific characteristics of a patient’s bladder
cancer. Moreover, in terms of early detection of recurrence, CTCs could help to identify
recurrences before they become evident through other tests. This early detection capability
enables timely (and thus potentially more effective) interventions, emphasizing the crucial
role of CTC analysis in enhancing the precision of bladder cancer management.

Although methods that focus solely on the detection of CTCs have limited diagnostic
value at present, new technologies may eventually make CTCs applicable as a predictive
and monitoring tool in BC.

4.1.2. Circulating Non-Coding RNAs (ncRNAs)

ncRNAs have been found to be regulators of internal cell signals that control various
levels of gene expression, playing a vital role in maintaining cellular homeostasis and
cell deregulation [57]. The ncRNA family is extensive, including transfer RNAs (tRNA),
ribosomal RNAs (rRNAs), small nucleolar RNAs (snoRNAs), long non-coding RNAs
(IncRNAs), microRNA (miRNAs), and circular RNA (circRNA). These types of ncRNAs
are currently the most investigated in bladder cancer (BC). miRNA is the most extensively
studied ncRNA of them all, but the roles of circRNA and IncRNA in tumor development
and progression are increasing, sparking interest in these as biomarkers in liquid biopsy.

circRNA consists of RNA fragments without 5 and 3’ ends or a poly(A) tail. This
unique structure provides circRNA with high stability and resistance to nuclease degrada-
tion. Analysis of circDNA (circular DNA) in liquid biopsy is an interesting and promising
area of research in bladder cancer. Some implications of circDNA in liquid biopsy in bladder
cancer are its important role in diagnosis and prognosis, tumor burden monitoring, identify-
ing mutations and genetic alterations, monitoring the response to treatment, and detecting
treatment resistance. In particular, the presence of certain biomarkers in circDNA may
have major prognostic implications, helping to predict cancer progression and patient sur-
vival. In addition, circDNA-based liquid biopsy offers a non-invasive option for sampling
and follow-up over time, avoiding the need for repetitive tissue biopsies. Furthermore,
circRNA has been implicated in the epithelial-mesenquimal transition process, resulting in
several cell alterations such as increased invasive capabilities [58]. Certain authors have
identified circRNA-targeting miRNA (such as circPRMTS5, circMTO1, circTERC, circBIRCS6,
circFLNA, etc.) that affect BC cell migration and invasion through the EMT process [59].
These findings underscore the importance of circRNA in mechanisms underlying lym-
phatic metastasis in BC [60-62]. Future studies and technological advancements may aid in
comprehensively harnessing the potential use of this biomarker in BC.

IncRNAs, meanwhile, are RNA transcripts that exceed 200 nucleotides in length and
do not encode proteins. IncRNAs regulate numerous cancer-related biological processes
and have an important influence on transcriptional regulation, epigenetics, cancer progres-
sion and metastasis, and response to treatment [63]. Specifically, recent studies have shown
that IncRNAs have a role in several cell processes such as cell proliferation, apoptosis,
angiogenesis, migration, and the spread of cancer cells [64]. The molecular processes of
IncRNAs in BC have been studied, including IncRNAs interacting with DNA, RNA, and
proteins. IncRNAs usually have limited expression and lower evolutionary conservation
but they may be found in higher amounts than normal in the urine and plasma of individ-
uals with BC, which could be useful for developing novel diagnostic or prognostic tools.
Furthermore, it has been reported that abnormal expression of thirty-six IncRNAs is closely
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linked to several clinical features of BC. One study looked at using thirty IncRNAs that
can be up-regulated as possible clinical indicators of BC. Among the fifteen IncRNAs that
were found to be more active in bladder cancer, their analysis revealed that UCA1 had a
reasonably high level of accuracy, sensitivity, and AUC, meaning it may represent the most
promising diagnostic biomarker.

UCA1 was the first known cancer-causing long non-coding RNA and is greatly over-
expressed in BC. It helps promote BC development by controlling several targets and
pathways [65]. To start with, UCA1 disrupts the chromatin remodeling function of BRG1
and attaches to the P21 promoter, causing the growth of cancer cells. The activation of
UCA1 through C/EBPx also helps increase the survival and decrease the cell death of
BC cells [66]. Additionally, UCAI controls the expression of miR-16/GLS2 and inhibits
the generation of ROS. Through the mTOR/STAT3 pathway and the miR143/HK?2 axis,
UCA1 also boosts glucose metabolism in cancer cells [67]. Additionally, UCA1 was shown
to affect AKT expression and activity. Changes in UCA1 levels were seen to be like the
changes in CREB expression and phosphorylation, which play a role in promoting cell pro-
liferation and regulating the cell cycle [68]. In this case, BMP9 enhances the levels of AKT
phosphorylation and promotes the production of UCA1, to enhance the proliferation and
metastasis of BC cells [69]. Beyond UCA1, additional IncRNAs have been discovered in the
urine exosomes of individuals with high-grade MIBC. These include HOTAIR, HOX-AS-2,
MALAT1, HYMAI, LINC00477, LOC100506688, and OTX2-AS1 [64].

While the roles of circRNA and IncRNA in tumor development and progression are
increasing, miRNA remains the most extensively studied ncRNA. miRNAs form a class
of small ncRNAs that typically consist of approximately 22 nucleotides. They perform
regulatory control of gene expression by binding to the 3"untranslated region of their
target messenger RNA (mRNA). miRNAs have a significant role in post-transcriptional
regulation, proliferation/apoptosis (some microRNAs may have implications for bladder
cancer formation and progression), and immunity. Accordingly, the differential expression
of microRNAs has been proposed as a potential biomarker for the diagnosis and prognosis
of bladder cancer. In urine, there is an abundant presence of unbound nucleic acids in the
sediments, which makes urine a valuable medium for the detection of miRNA [70].

A multitude of research has been conducted to investigate the diagnostic and prognos-
tic capabilities of miRNA biomarkers in BC. In this review, we provide the findings of some
particularly interesting research. For instance, Feng et al. investigated the involvement
of miR-19a and miR-99a in BC. Their findings revealed that, like the pattern observed in
cancer tissue, miR-19a is also up-regulated in plasma, acting like an oncogene, and miR-99a
is down-regulated [71,72]. Similarly, another study showed that miR-200b is overexpressed
in MIBC. Inversely, miR-33b and miR-92b demonstrate reduced expression levels and show
a negative correlation with the pathological stage of the disease [73]. The findings over the
last ten years have encouraged the creation of panels that include numerous miRNAs for
pooled analysis. One study employed a panel of 74 miRNAs and discovered that 33 miR-
NAs were elevated and 41 were down-regulated in urothelial cancer patients compared to
controls, with the most relevant being let-7miR, miR-196a, miR-1268, miR-143, miR-100,
miR-101, miR-1, and miR-200 [15]. Furthermore, through targeting zinc finger E-box 1,2
(ZEB1, ZEB2) and epidermal growth factor receptor (EGFR) binding sites, miR-200 has been
identified as a regulator of the epithelial-mesenchymal transition in malignant cells [74].
A recent investigation discovered greater amounts of miRNA-373 in the plasma of BC
patients than in healthy controls, and its overexpression was linked to enhanced tumor
proliferation, migration, and invasion [75]. Elsewhere, several authors established the
predictive significance of plasma miR92-a, miR-100, or miR-143 in BC patients, with high
sensitivity and specificity. They also discovered that the more advanced the stage, the
higher the amount of plasma miR-210, while there was a notably lower level in patients who
received surgery [76]. Researchers have also put forward miR-205 as a possible biomarker
for distinguishing NMIBC from NMIBC [77].
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A recent investigation in patients with BC discovered that miR-96 and miR-210 were
present in urine sediment, although the control cystoscopy was negative [78]. In another
study, it was proposed that a panel of 12 miRNAs could reduce cystoscopy rates by 30%,
increase specificity and sensitivity, provide a higher diagnostic yield, and provide more
accurate information on recurrence rate, aggressiveness, and stage than traditional diag-
nostic methods, thereby highlighting its suitability to become the preferred methodology
in the future [79]. A study of miRNA profiles in urine, meanwhile, utilizing NGS-derived
analytic tools, categorized multiple cancer subtypes as follows: up-regulation of miR-21-
5p, miR-106b-3p, miR-486-5p, miR-151a-3p, miR-200c-3p, miR-185-5p, and miR-224-5p
was observed in patients with non-invasive G1/G2 urothelial carcinoma, while down-
regulation of miR-30c-2-5p and miR-10b-5p was observed in patients with G3 non-invasive
urothelial carcinoma. As well as the categorization, these findings demonstrate that NGS
analysis could offer the ideal approach to conducting biomarker research involving miR-
NAs [80]. When taking all findings presented here into consideration, in sum, the ability to
detect miRNA panels could help us to diagnose and monitor the disease more accurately
than cystoscopy:.

4.1.3. Circulating Tumor DNA (ctDNA)

Tumors release DNA into the peripheral circulation and urine, with ¢fDNA repre-
senting a significant proportion. As such, while most of the DNA in plasma originates
from healthy cells, in cancer patients, a small portion comes from circulating tumor DNA
(ctDNA). Genomic variations in ctDNA can be used as genetic signatures [81], and accord-
ingly, the use of ctDNA in liquid biopsy for bladder cancer is a developing area of research
and clinical application. The role of ctDNA in BC is particularly important in situations
where obtaining tumor tissue through traditional biopsies is difficult. The applications of
ctDNA in liquid biopsy for bladder cancer include the detection of mutations and genetic al-
terations, BC diagnosis, monitoring the response to treatment, early detection of recurrence,
identification of prognostic biomarkers, and the possibility of conducting non-invasive and
serial tests.

Specifically, epigenetic changes implicated in BC development and progression can
be identified by studying ctDNA fragments released into the blood or urine [82]. DNA
methylation stands out as one of the most significant epigenetic processes in BC. Normally,
CpG dinucleotides in human DNA are methylated by DNA methyltransferases (DNMTs),
which inhibits tumor development and cancer cell invasion by causing transcriptional
silencing. However, hypomethylation may occur in cancer patients, and one study revealed
extensive hypomethylation in NMIBC when compared to other cancers, lending support
to the idea that DNA methylation plays a role in the carcinogenesis and aggressiveness of
BC [83]. An additional finding to date is that some methylation genes (SFRP1, FHIT, DCH1,
PMF1, RUNX3, LAMC2, or RASSF1A) are not just biomarkers but are also linked to worse
clinical outcomes in cancer patients. Their evaluation has enabled predictive models to be
developed for BC survival [84]. Numerous studies on the methylation of these genes have
been conducted in recent years, with greater levels of methylation expressed in patient
samples compared to healthy samples [85-87].

The alteration of histones is another epigenetic process that has recently been inves-
tigated in BC. Post-translational modifications (PTMs) of histones are involved in DNA
repair, differentiation, and tumor development [88,89]. Some authors have investigated
the relationship between these changes and taxonomic groups and confirmed that histone
modification signatures represent the basal and luminal subtypes of BC; this is the case
for H3K4mel, which has only been found to be present in basal tumors. The research
findings indicate that changes in these histones may cause variability among MIBC sub-
types [90]. The most current work in the field looked at how HSP90 inhibition affected
protein expression and histone PTMs in BC. Five HSP90 inhibitors (AUY922, ganetespib,
SNX2112, AT13387, and CUDC305) inhibited bladder cancer cell proliferation in a dose- and
time-dependent form, demonstrating a link between proteomic changes and histone PTMs
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in response to HSP90 inhibitor treatment [91]. This supports the notion that PMTs and
DNA methylation have the potential to be used as essential markers for targeted therapy.
Such therapy may be effective as they are reversible, and inhibitory enzymes can correct
their aberrant action and restore tumor suppressor gene expression [92].

Quantitative polymerase chain reaction (qPCR) and digital polymerase chain reaction
(dPCR) are the most extensively used methods for detecting ctDNA and its changes in
different body fluids. They are quick and inexpensive techniques, but their use is restricted
as they can only monitor known genetic alterations [93]. To address this limitation, NGS-
based methods have emerged and are increasingly being used to identify ctDNA in small
panels as well as entire genome sequences, with whole-genome sequencing for kidney,
bladder, and prostate cancer available since 2010. These innovative approaches do not
require tumor tissue and can characterize newly customized genomic profiles. Their
application to precision medicine might be critical in creating new personalized therapies,
assessing the emergence of drug resistance, and quantifying minimal residual disease [94].
While several modalities for conducting data analysis using sequencing techniques have
been presented, a consensus has not yet been reached on the modality that yields the most
accurate outcomes.

Although NSG has been employed in numerous BC diagnostic and management
studies, few have focused on predicting outcomes for NMIBC patients [95]. One team
conducted a surveillance trial of patients with NMIBC to predict progression using genomic
variants in urinary and plasma ctDNA, discovering that patients with disease progression
had substantially higher levels of tumor DNA in their plasma and urine than patients with
disease recurrence. Furthermore, all patients with progressive disease, including those
with no detectable ctDNA in their plasma, exhibited elevated urinary tumor DNA levels,
whereas patients with recurrent NMIBC had lower levels [96,97].

Elsewhere, by applying NGS to urine cytology samples, another group investigated
potential biomarkers that could predict a response to BCG in HR-NMIBC [98]. In their
cohort of patients, TERT (61%), KDM6A (34%), ARID1A (27%), KMT2D (24%), FGFR3
(20%), CREBBP (17%), and EP300 (17%) were the most mutated genes. These mutations
are comparable to those discovered through a TCGA project. The authors discovered that
RMB10 and EPHAS3 were statistically more prevalent in BCG-responsive patients, while
ARID1A, EP300, and CDKN1A mutations tended to be more common in patients who did
not respond to BCG treatment, but none of these differences were statistically significant.

In recent years, ctDNA determination in MIBC recurrence after RC has also been
studied, with researchers noting that a higher proportion of ctDNA reflected a higher rate
of persistence, demonstrating that it may be used as a predictor of recurrence [99]. Other
studies have also found elevated levels in patients with metastasis [100]. Beyond those, a
prospective study has offered a representative characterization of the genomic panel that
may be used in liquid biopsy studies, based on findings from the tumor tissues of patients
with BC. In addition, it has been demonstrated that NGS analysis of genes such as FGFR3,
ERBB2, ERCC2, and TMB (proposed treatment response markers in simple tissue) offers
a cost-effective and minimally invasive strategy for stratifying patients in clinical trials,
which constitutes a new line of application in the field of precision medicine in cancer [101].

Finally, when we consider the importance today of immunotherapy in the treatment
of patients with BC, ongoing analysis of ctDNA may allow for close surveillance during
ICI therapy. Recent studies have analyzed its use as a marker in adjuvant immunotherapy
treatment, and changes in its frequency have identified non-responders to targeted therapy,
demonstrating that ctDNA levels can be used to monitor treatment response and predict the
most effective targeted therapeutic strategies [102,103]. In support of this, a recent clinical
trial indicated that early on-treatment reduction in the frequency of ctDNA variant alleles
(VAF) may be a valuable predictor of long-term immunotherapy benefit [104]. Patients
with a reduction in VAF at 6 weeks exhibited a substantially greater decrease in tumor
volume, as well as prolonged progression-free and overall survival. Additionally, changes
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in genes like TP53, TERT, and BRCA1/BCRA?2 detected before and after treatment with
new ICIs were shown to have a direct relationship with resistance in advanced BC.

4.2. Modern Biomarkers in BC: Metabolomics and Proteomics in Liquid Biopsy

The metabolome emerges from the interplay of the genome, epigenome, transcrip-
tome, proteome, and external influences. Modern metabolomics technologies have led to
notable progress in characterizing and distinguishing various cancers, as well as identi-
fying potential targets for therapeutic interventions. Metabolomics seeks to leverage the
metabolic profile of cancer when assessing disease risk, enabling real-time description
and monitoring of disease stages, as well as producing great insights into cancer stag-
ing [105]. Presently, metabolomics is also acknowledged as a highly relevant approach to
exploring individual phenotypes in cancer systems biology. In this regard, the discernible
metabolic distinctions between malignancy and normal cells are widely recognized as a
hallmark of cancer [106]. Among the most commonly employed techniques to test for these
are gas chromatography—mass spectrometry (GC-MS) and liquid chromatography-mass
spectrometry (LC-MS) [107]. Furthermore, despite lacking standardization in BC [104],
nuclear magnetic resonance (NMR)-based methodologies offer an alternative for analyzing
isolated biological samples without requiring pre-processing steps [108,109]. Moreover,
recently, various separation techniques, including electrophoresis, reversed-phase liquid
chromatography, ion exchange, and size-exclusion chromatography, as well as immune
enrichment or depletion methods, have been employed to isolate or concentrate proteins or
peptides. Following on from this, mass spectrometry, coupled with advanced software, has
been utilized to precisely identify, characterize, and quantify proteomic data [110].

The potential for predicting the prognosis of urothelial carcinoma through metabolomic
profiling of urine samples has been evidenced. In a recent study, urine samples from forty-one
patients with transitional cell carcinoma (specifically, bladder cancer) and forty-eight healthy
individuals were subjected to analysis using high-performance liquid chromatography-mass
spectrometry methodology [111]. The outcomes revealed a sensitivity and specificity of one
hundred percent. Furthermore, similar to metabolomics, microbiomic analysis has shown
promise as a prognostic indicator in the context of urothelial carcinoma. Numerous studies
have explored the relationship between microbial communities and clinical outcomes in pa-
tients with urothelial carcinoma. Extensive research indicates that microbial populations can
influence urological conditions, suggesting a potential role of microbes across the spectrum
of health and disease [112].

In sum, refinements in liquid biopsy techniques, including those focused on circulating
biomarkers, can contribute to more accurate and non-invasive methods for diagnosing
and monitoring bladder cancer. Such advancement could lead to earlier detection and
improved surveillance of the disease.

5. Commercial Liquid Biopsy Kits for Bladder Cancer (BC) Screening and Follow-Up

Most research has been conducted on urine samples as opposed to blood samples. At
the same time, advances in omics technologies, such as genomics, epigenomics, proteomics,
transcriptomics, and metabolomics, have enhanced our comprehension of the intricate
molecular factors underlying cancer [3]. The FDA has now approved six urinary diagnos-
tic assays for BC: qualitative bladder tumor antigen (BTA) (BTA stat), quantitative BTA
(BTA TRAK), quantitative nuclear matrix protein 22 (NMP22) (Alere NMP22), qualitative
NMP22 (BladderCheck), fluorescent immunohistochemistry (ImmunoCyt), and fluorescence
in situ hybridization (FISH) (UroVysion) for clinical use [113]. Three of them detect DNA,
RNA, or protein alterations in urinary cells (UroVysion, BladderCheck, and ImmunoCyt),
while another two quantify proteins released in the urine (NMP22 and BTA assays) [21].

5.1. Bladder Tumor Antigen Assay (BTA Test)

The BTA Stat and BTA TRAK tests are two laboratory procedures employing im-
munoassays to detect human complement factor H-related protein (hCFHrp) in urine
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samples obtained from individuals diagnosed with urothelial cancer [114,115], working on
the basis that the expression of hCFHrp in the urine of bladder cancer patients is higher
than in healthy ones. The distinction between the BTA Stat and BTA TRAK methods
is that the BTA Stat test is quicker as it provides qualitative data, while BTA TRAK uti-
lizes the enzyme-linked immunosorbent assay (ELISA) technique for quantitative analysis.
The quantitative approach of BTA TRAK involves more time and employs a monoclonal
antibody against hCFHrp. In clinical practice, the use of BTA TRAK alone to diagnose
bladder cancer may result in unnecessary invasive interventions and financial burden.
Conversely, using urine cytology alone runs the risk of overlooking a substantial number
of bladder tumors, thereby raising the morbidity and mortality associated with advanced
malignancy [116].

A meta-analysis of BTA Stat, which included 13 trials and 3462 patients, revealed
that the test had higher sensitivity than cytology, especially in high-grade tumors, but less
specificity. Specifically, these tests have high false positive rates, mainly attributed to the
presence of blood in the urine samples examined [117]. Complement factor H is often
found in the bloodstream, inevitably leading to incorrect positive results with the BTA
Stat and TRAK assays in the presence of hematuria [118]. False positive results are more
commonly observed with BTA Stat in comparison to the BTA TRAK test, occurring in less
than 5% of individuals who do not have any known urine abnormalities [119].

5.2. Nuclear Matrix Protein 22 (NMP22)

Nuclear matrix proteins (NMPs) play a crucial role in inducing changes in various
biological functions, including DNA replication and gene expression. These proteins are
specific to mitosis and aid in the transfer of chromatids to descendant cells. In bladder
cancer cell lines, the concentration of NMP22 can be up to 25 times higher than that found
in normal urothelium, and importantly, NMP22 can still be detected after cell death [120].
Several studies conducted by different authors have compared the sensitivity and specificity
of the NMP22 BladderChek test with that of cytology, and the findings suggest that urine
cytology outperforms the NMP22 BladderChek, though performance is affected by factors
such as leukocytes, current use of blood pressure control drugs, urinary calculi, creatinine
levels, recurrent urinary tract infections, and hematuria [121]. A further finding was that
combining both tests can enhance the sensitivity when diagnosing primary urothelial
carcinoma, particularly in cases with deeper invasiveness (mostly > T2) and a higher tumor
grade [122].

5.3. UroVysion

Human malignancies often exhibit chromosomal aberrations, and many solid tumors
manifest complex alterations in genetic material. The UroVysion test employs multi-
chromosomal fluorescence in situ hybridization (FISH) to detect aneuploidy, specifically
involving chromosomes 3, 7, or 17. Additionally, a probe specific to the 9p21 locus is utilized
in the analysis. This test demonstrates a high sensitivity for the detection of carcinomas and
remarkable specificity in identifying in situ carcinomas as well as high-grade tumors [123].
In addition to its high specificity, this test is subject to little influence from other factors.
The test may also be applied to assess for progression and recurrence. In a previous
study, a positive U-FISH result was not associated with an increased risk of recurrence in
the initial BCG treatment after TURB; however, a few months later, after BCG treatment
(3 or 6 months), a positive test result was significantly correlated with the risk of tumor
progression and recurrence (p < 0.001). The probability of recurrence was 3-5 times higher
than in the negative group, and in comparison to the negative group, the rate of disease
progression was 5-13 times greater. As such, a positive U-FISH following BCG perfusion
was proposed to represent an independent risk factor for recurrence [124,125].

Furthermore, one study has shown that FISH has a prognostic role in predicting
outcomes in individuals with NMIBC who have negative cystoscopy results and abnormal
cytology. The decision not to perform a bladder biopsy in situations with atypical cytology
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and negative or inconclusive cystoscopy results, based on negative UroVysion results,
has been shown to be cost-effective and has the potential to decrease avoidable adverse
events [126].

5.4. ImmunoCyt

The ImmunoCyt test is an immunocytofluorescence-based assay that uses fluorescently
labeled monoclonal antibodies to identify carcinoembryonic antigens and sulfated mucin
glycoproteins expressed on most bladder cancer cells but not in normal cells. The sensitivity
of the test varies significantly among different investigations and ranges from 60% to 100%,
while its specificity ranges from 75% to 84% [127]. ImmunoCyt is an FDA-approved test
used as a supplementary tool in the management of urothelial carcinoma, along with
urine cytology and cystoscopy. ImmunoCyt had a superior pooled sensitivity of 72.5%
compared to urine cytology, which had a sensitivity of 56.6%, as shown in a meta-analysis
of seven investigations. Moreover, this test exhibits lower susceptibility to hematuria when
compared to other tests, though it may be influenced by urinary infections, urolithiasis,
and benign prostatic hyperplasia. Furthermore, InmunoCyt had a lower specificity level
of 65.7% in contrast to cytology’s specificity of 90.6% [128].

This cell-based biomarker appears to offer greater specificity and sensitivity in low-
grade NMIBC compared to markers analyzing soluble tumor-associated antigens and urine
cytology [129]. However, analyses have shown high interobserver heterogeneity, limiting
the clinical application of this technology [130].

In the past decade, in addition to the FDA-approved kits described above, numerous
other tests have been developed for the study and investigation of biomarkers in urine.
The methods used for detection and surveillance of bladder cancer work based on DNA
mutations or methylation, RNA signatures, improved cytology, and protein-based assays
(Table 1).

Table 1. Summary of urinary biomarkers. Abbreviations—CEA: carcinoembryonic antigen; MAUB:
mucin antigen of the urinary bladder; FDA: Food and Drug Administration; FISH: fluorescence
in situ hybridization; CE: Conformitée Europeenne; NGS: next-generation sequencing; BS-Seq:
bisulfite sequencing; PCR: polymerase chain reaction; SafeSeqS: Safe-Sequencing System; HTS:
high-throughput sequencing; RT: real-time; MASO: multiplex allele-specific, oligonucleotide; qPCR:
quantitative polymerase chain reaction; ELISA: enzyme-linked immunosorbent assay; POC: point

of care.
Test Variable Biomarker Assay Clinical Application Sensibility/Specificity =~ Reference
Urovysion Chromosome DNA /Sediment FISH Post BCG/early 69%/76% [16,124,128]
3-7-9-17 cells recurrence
Antigens and
Immunocyt CEA, MAUB sulfated mucin Immunofluorescence LG-NMIBC diagnosis 77.5%/62.5% [12,127]
glycoproteins cytology
(sediment cells)
BTA test BTA Protein Immunochromatography Diagnosis and 56%,/85.7% [114-118]
+ ELISA monitoring response
Epigenetic Sediment Predictive and o o
Uromark alterations cells/DNA NGS + BS-Seq PCR monitoring treatment 95%/96% [128,131,132]
Early diagnosis and
NMP22 NMP22 Protein ELISA + POC monitoring HG 59%/93% [122,124]
(Bladder Chek) immunoassay
recurrence

Uromonitor FGFIEEAEERT’ DNA PCR Predictive (recurrence) 73.5%/93.2% [13,128]

Uromutert TERT DNA NGS PCR Early diagnosis 87.1%/94.7% [132-134]
. . Early diagnosis of o o
Bladder Epicheck DNA methylation DNA RT-PCR HG-NMIBC 81%/83% [135]
TERT, FGRF3, TP53,
Uroseek CDKN2A, ERB2, DNA SafeSeqS Early diagnosis and 95%/93% [135-137]

HRAS, PIK3CA,

monitoring response

METH, BHL, MLL
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Table 1. Cont.

Test Variable Biomarker Assay Clinical Application Sensibility/Specificity =~ Reference
. FGFR3, HS3ST2, DNA methylation + Monitoring HG o o
Urodiag SEPT9, SLIT2 DNA MASO-PCR recurrence 95.5%/75.9% [138]
CDK1, MDK,
CxBladder HOXA13, IGFBP5, mRNA qPCR Early diagnosis 82%/85% [139,140]
CXCR2
ABL1, UPK1B,
Xpert BC CRH, ANXA10, mRNA RT-PCR Exclude recurrence 76%/85% [141]
IGE2
. Predictive o 9 4
ADXBLADDER MCM Protein ELISA (>T1 disease) 73%/68.4% [142]
CYFRA 21.1 Cytokeratin19 Protein ELISA Diagnosis 82%/80% [143]
FGEFR3, TERT, Predictiv
AssureMDx HRAS, OTX1, DNA DNA methylation + PCR (HG‘fNEAIBeC) 93%/86% [144]
ONECUT2, TWIST1
UBC Rapid Cyt;)rlfsr;\ gm 8 Protein POC immunoassay Predictive (Cis) 70.8%/61.4% [145]
ANG, APOE,A1AT, Diaenosis and
Oncuria CA9, IL8, MMP9, Protein Immunoassay agnOosIs a 85%/81% [146]

PAI1, SDC1, VEGF

follow-up

5.5. New Biomarkers

Recent studies of new urinary biomarkers have aimed to enhance the diagnostic
accuracy, sensitivity, and specificity of urothelial carcinoma diagnosis. These include BCLA-
1 and BCLA-4 (two transcription factors present in the early stages of BC tissues, even
before the appearance of a visible tumor), which are not influenced by infection, smoking,
catheterization, or cystitis [147,148].

Aurora A kinase (AURKA), meanwhile, is a cell-cycle-associated kinase that regulates
mitosis, is linked to BC progression, and correlates with stage, grade, and prognosis,
particularly in patients with hematuria. Accordingly, the Aura Tek FDP Test™ in urine
distinguishes low-grade BC from normal urothelium and can detect the recurrence of BC
in the presence of hematuria [149].

Another study demonstrated that the presence of elevated nicotinamide N-methyltransferase
levels in urothelial carcinoma of the bladder can help determine the pathological grade [150].
Beyond that, apurinic/apyrimidinic endonuclease 1/redox factor-1 (APE/Ref-1) is an
additional urinary biomarker that can be used to determine the stage, grade, and recurrence
of bladder carcinoma [151]. Alternatively, as has been demonstrated in ovarian cancer,
activated leukocyte cell adhesion molecule (ALCAM) can be used to determine the tumor
stage and overall survival [152]. In addition, the UBC Rapid test, which detects elevated
levels of cytokeratin 8 and 18, can help distinguish between patients with high-grade and
low-grade urothelial cancer [153]. Another prospective study identified a panel of proteins
capable of distinguishing MIBC from NMIBC by means of mass spectrometry. A panel of
four sequenced polypeptides (uromodulin—UMOD, collagen alpha-1[I] chain—COL1A1,
collagen alpha-1[III] chain—COL3A1, and membrane-associated progesterone receptor
component 1—PGRMC1) predicted MIBC with a sensitivity of 81% and specificity of
57% [154].

In addition to evaluating proteins in urine, some studies have demonstrated the
participation of proteins contained within urinary exosomes. These exosomes are small ex-
tracellular vesicles (EVs) that play an essential role in distinct stages of cancer development.
These EVs are present in almost all human body fluids, including urine, and are notably
rich in tumor exosomes in the microenvironment, making them a field of great interest and
research for BC biomarkers [155]. Specific examples of proteins that are overexpressed in
BC exosomes are alpha-1-antitrypsin (SERPIN1) and histone H2B type 1-K (HIST1H2BK),
which were found at high concentrations in urinary EVs, with the presence of HISTIH2BK
found to increase the risk of recurrence threefold [156].
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Another study revealed that elevated periostin (POSTN)-rich EVs were associated with
an increased risk of progression and a poor prognosis [157]. Furthermore, one of the most
recent trials in this field of research obtained urine samples from the Biobank@UZA and
the Belgian Virtual Tumor-Bank, from which EVs were isolated, and performed proteomic
analysis using LC-MS followed by tandem mass spectrometry (MS). After enriching the EVs,
the authors compared their results with those of previous studies, finding new potential
biomarkers such as MASP2, C3, A2M, CHMP2A, and NHE-RF1. Additionally, HBB and
HBAI1 were identified as specific markers for recurrent BC. Then, in a recent study utilizing
mass spectrometry, four proteins excreted in EVs (HEXB, S1005A4, SND1, and EHD4)
were identified as potential BC biomarkers [158]. However, independent validation with a
control group featuring other urological diseases is necessary to eliminate the possibility of
nonspecific markers [159].

In another stream of work, a recent study identified urine-derived lymphocytes as a
source of T cells in MIBC patients. CD8+ and CD4+ effector cells and regulatory T cells
from urine precisely signaled the immune response of the body and provided a map of
the tumor microenvironment (TME), which offers researchers the potential to determine
the tumor’s stage and status [160]. For instance, a higher urine-derived lymphocyte
count, such as high PD-1 expression on CD8+ prior to cystectomy, was associated with
shorter recurrence-free survival. Today, urine-derived lymphocyte examination is being
developed as a dynamic liquid biopsy that characterizes the immune TME and can be used
to determine the prognosis of the disease [161].

These tests serve as tools for identifying BC, although cytology remains a considerably
more cost-effective test. As such, the relevance of these advanced tests in terms of cost
remains subject to debate. Today, no single test for hematuria screening has been established
due to the limited cost-effectiveness of all options trialed, and it has not been conclusively
proven to be superior to cystoscopy [162].

In Figure 2, we summarize the main liquid biopsy methods and their applicability in
BC. As can be seen, each one holds some advantages over the other, and deeper investiga-
tions must be carried out to extend the current molecular findings in order to improve the
diagnosis and prognosis of BC.

Clinical application: diagnosis, prognosis, recurrence, monitoring therapeutic
reponse.

Analysis: ddPCR, sequencing by NGS.

Advantages: higher available concentrations, stability and capturing tumor
heterogeneity.

Limitations: Undetectable sometimes in early and advanced-stages.

ctDNA/cfDNA | --»

Clinical lication: diagnosis, 3
Analysis: measuring mMRNA/miRNA by gPCR, NGS or microarray.

Advantages: genetic expression profile of tumor, monitoring tumor expression changes
over time,

Limitations: lack of methods for practical application, unstable, more difficult to isolate
comparted to ctDNA.

cfRNA | --»

Clinical application: diagnosis, prognosis, monitoring treatment.

Analysis: cell count, genetic profilling by NGS.

Advantages: high specifity, predict relapse or metastasis after treatment,
CTCs - reproductible.

Limitations: Low plasma concentration, difficulty to know the source of CTC
(primary or metastatic cells).

 Clinical application: diagnosis, prognosis, predicting therapeutic reponse.
« Analysis: content profiling by gPCR, NGS or microarray.
Exosomes | --» .o A resistant to d ion, variety of fluids, source of tumor
components.
« Limitations: lack of standarized isolation methods.

Clinical application: diagnosis, monitoring treatment reponse.
Analysis: GC-MS, LC-MS, NMR.

: : « Advantages: early diagnosis, discovery or targeted therapies to
Metabolomics / Proteomics --» cancer metabolism, more organ-specific information tan DNA or
RNA.

Limitations: complex depletion process, low knowledge about
metabolism os cancer, chemical complexity of metabolites..

Figure 2. Major liquid biopsy methods in bladder cancer. Comparison of their clinical applications,
laboratory analytical techniques, main advantages, and limitations.
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6. Conclusions

Precision medicine is developing rapidly in BC, and liquid biopsy has emerged as a
new non-invasive diagnostic tool. BC has a high heterogeneity compared with other tumors,
but the study of molecular alterations offers the possibility to perform a longitudinal and
dynamic analysis throughout the disease, with benefits for diagnosis and prediction of
recurrence, progression, or response to treatment. To date, liquid biopsy analysis has been
most cost-effective in advanced stages of disease, especially when tumor tissue analysis is
not available, while its performance is lacking in screening and low-grade disease.

The extent of genomic and transcriptional heterogeneity at the cellular level in BC
remains mostly unknown. To determine the clinical value of the genomic and transcrip-
tional landscape of bladder cancer in order to guide clinical management, it is necessary to
conduct biomarker-driven clinical trials involving various stages of disease. In this regard,
liquid biopsy will play a fundamental role in allowing a longitudinal design of the studies.

Future clinical trials or comparative studies between liquid biopsy and current diag-
nostic methods are necessary to improve the clinical application of this novel approach.

Author Contributions: Conceptualization B.H.-I., EM.-R. and F.A.-d.A., writing and original draft
preparation FA.-d.A., EM.-R., B.H.-I, D.P-C,, R.S.-P.d.1.B. and FS.-B,, editing and writing, FA.-d.A.,
E.M.-R. and B.H.-I. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Conflicts of Interest: Author D.P-C. was employed by the company SYNLAB Pathology. The
remaining authors declare that the re-search was conducted in the absence of any commercial or
financial relationships that could be construed as a potential conflict of interest. The funders had no
role in the design of this study; in the collection, analyses, or interpretation of data; in the writing of
the manuscript; or in the decision to publish the results.

References

1.  Cumberbatch, M.G.K.; Noon, A.P. Epidemiology, aetiology and screening of bladder cancer. Transl. Androl. Urol. 2019, 8, 5-11.
[CrossRef]

2. Alderson, M,; Grivas, P.; Milowsky, M.I.; Wobker, S.E. Histologic variants of urothelial carcinoma: Morphology, molecular features
and clinical implications. Bladder Cancer 2020, 6, 107-122. [CrossRef]

3. Knowles, M.A.; Hurst, C.D. Molecular biology of bladder cancer: New insights into pathogenesis and clinical diversity. Nat. Rev.
Cancer 2015, 15, 25-41. [CrossRef]

4. Roth, V.; Espino-Grosso, P.; Henriksen, C.H.; Canales, B.K. Office Cystoscopy Urinary Tract Infection Rate and Cost before and
after Implementing New Handling and Storage Practices. Urol. Pr. 2021, 8, 23-29. [CrossRef]

5. Yafi, EA.; Brimo, E; Steinberg, J.; Aprikian, A.G.; Tanguay, S.; Kassouf, W. Prospective analysis of sensitivity and specificity of
urinary cytology and other urinary biomarkers for bladder cancer. Urol. Oncol. Semin. Orig. Investig. 2015, 33, 66.e25-66.e31.
[CrossRef] [PubMed]

6.  Bouchelouche, K.; Turkbey, B.; Choyke, P.L. PET/CT and MRI in bladder cancer. J. Cancer Sci. Ther. 2012, 5, 5-8. [CrossRef]
[PubMed]

7. Galgano, S.J.; Porter, KK.; Burgan, C.; Rais-Bahrami, S. The role of imaging in bladder cancer diagnosis and staging. Diagnostics
2020, 10, 89. [CrossRef]

8.  Babjuk, M.; Bohle, A.; Burger, M.; Capoun, O.; Cohen, D.; Compérat, EM.; Hernandez, V.; Kaasinen, E.; Palou, J;
Rouprét, M.; et al. EAU Guidelines on non-muscle-invasive urothelial carcinoma of the bladder: Update 2016. Eur. Urol. 2017, 71,
447-461. [CrossRef] [PubMed]

9.  Witjes, J.A.; Bruins, HM.; Cathomas, R.; Compérat, EM.; Cowan, N.C.; Gakis, G.; Hernandez, V.; Espinés, E.L.; Lorch, A,;
Neuzillet, Y.; et al. European Association of Urology Guidelines on Muscle-invasive and Metastatic Bladder Cancer: Summary of
the 2020 Guidelines. Eur. Urol. 2020, 79, 82-104. [CrossRef] [PubMed]

10. Rhea, L.P.; Mendez-Marti, S.; Kim, D.; Aragon-Ching, J.B. Role of immunotherapy in bladder cancer. Cancer Treat. Res. Commun.
2021, 26, 100296. [CrossRef]

11.  Crocetto, F; Barone, B.; Ferro, M.; Busetto, G.M.; La Civita, E.; Buonerba, C.; Di Lorenzo, G.; Terracciano, D.; Schalken, J.A. Liquid
biopsy in bladder cancer: State of the art and future perspectives. Crit. Rev. Oncol. Hematol. 2022, 170, 103577. [CrossRef]

12. Chen, M.; Zhao, H. Next-generation sequencing in liquid biopsy: Cancer screening and early detection. Hum. Genom. 2019, 13, 34.

[CrossRef]


https://doi.org/10.21037/tau.2018.09.11
https://doi.org/10.3233/BLC-190257
https://doi.org/10.1038/nrc3817
https://doi.org/10.1097/UPJ.0000000000000162
https://doi.org/10.1016/j.urolonc.2014.06.008
https://www.ncbi.nlm.nih.gov/pubmed/25037483
https://doi.org/10.4172/1948-5956.S14-001
https://www.ncbi.nlm.nih.gov/pubmed/23471167
https://doi.org/10.3390/diagnostics10090703
https://doi.org/10.1016/j.eururo.2016.05.041
https://www.ncbi.nlm.nih.gov/pubmed/27324428
https://doi.org/10.1016/j.eururo.2020.03.055
https://www.ncbi.nlm.nih.gov/pubmed/32360052
https://doi.org/10.1016/j.ctarc.2020.100296
https://doi.org/10.1016/j.critrevonc.2022.103577
https://doi.org/10.1186/s40246-019-0220-8

Cancers 2024, 16, 803 18 of 24

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Murtaza, M.; Dawson, S.-J.; Tsui, DW.Y.; Gale, D.; Forshew, T.; Piskorz, A.M.; Parkinson, C.; Chin, S.-F; Kingsbury, Z,;
Wong, A.S.C.; et al. Non-invasive analysis of acquired resistance to cancer therapy by sequencing of plasma DNA. Nature 2013,
497,108-112. [CrossRef] [PubMed]

Ferro, M.; La Civita, E.; Liotti, A.; Cennamo, M.; Tortora, F.; Buonerba, C.; Crocetto, E.; Lucarelli, G.; Busetto, G.M.; Del
Giudice, F; et al. Liquid Biopsy Biomarkers in Urine: A Route towards Molecular Diagnosis and Personalized Medicine of
Bladder Cancer. J. Pers. Med. 2021, 11, 237. [CrossRef] [PubMed]

Lone, S.N.; Nisar, S.; Masoodi, T.; Singh, M.; Rizwan, A.; Hashem, S.; El-Rifai, W.; Bedognetti, D.; Batra, S.K.; Haris, M.; et al.
Liquid biopsy: A step closer to transform diagnosis, prognosis and future of cancer treatments. Mol. Cancer 2022, 21, 79. [CrossRef]
[PubMed]

Crocetto, F.; Cimmino, A.; Ferro, M.; Terracciano, D. Circulating tumor cells in bladder cancer: A new horizon of liquid biopsy for
precision medicine. . Basic Clin. Physiol. Pharmacol. 2021, 33, 525-527. [CrossRef] [PubMed]

Geeurickx, E.; Hendrix, A. Targets, pitfalls and reference materials for liquid biopsy tests in cancer diagnostics. Mol. Asp. Med.
2020, 72, 100828. [CrossRef] [PubMed]

Giannopoulos, A.; Manousakas, T.; Mitropoulos, D.; Botsoli-Stergiou, E.; Constantinides, C.; Giannopoulou, M.; Choremi-
Papadopoulou, H. Comparative evaluation of the BTAstat test, NMP22, and voided urine cytology in the detection of primary
and recurrent bladder tumors. Urology 2000, 55, 871-875. [CrossRef] [PubMed]

Lotan, Y.; Roehrborn, C.G. Sensitivity and specificity of commonly available bladder tumor markers versus cytology: Results of a
comprehensive literature review and meta-analyses. Urology 2003, 61, 109-118. [CrossRef] [PubMed]

Vidotto, T.; Nersesian, S.; Graham, C.; Siemens, D.R.; Koti, M. DNA damage repair gene mutations and their association with
tumor immune regulatory gene expression in muscle invasive bladder cancer subtypes. . Immunother. Cancer 2019, 7, 148.
[CrossRef]

Yin, M.; Grivas, P.; Wang, Q.-E.; Mortazavi, A.; Emamekhoo, H.; Holder, S.L.; Drabick, ].J.; Woo, M.S.-A ; Pal, S.; Vasekar, M.; et al.
Prognostic Value of DNA Damage Response Genomic Alterations in Relapsed /Advanced Urothelial Cancer. Oncol. 2020, 25,
680-688. [CrossRef]

Groenendijk, FH.; de Jong, J.; van de Putte, E.E.F.,; Michaut, M.; Schlicker, A.; Peters, D.; Velds, A.; Nieuwland, M.; Heuvel,
M.M.v.D,; Kerkhoven, R.M.; et al. ERBB2 Mutations Characterize a Subgroup of Muscle-invasive Bladder Cancers with Excellent
Response to Neoadjuvant Chemotherapy. Eur. Urol. 2016, 69, 384-388. [CrossRef]

Lee, S.H.; Hu, W,; Matulay, ]J.T,; Silva, M.V.,; Owczarek, T.B.; Kim, K.; Chua, C.W,; Barlow, L.M.].; Kandoth, C.;
Williams, A.B.; et al. Tumor Evolution and Drug Response in Patient-Derived Organoid Models of Bladder Cancer.
Cell 2018, 173, 515-528.e17. [CrossRef]

Jain, S.; Lin, S.Y.; Song, W.; Su, Y.-H. Urine-Based Liquid Biopsy for Nonurological Cancers. Genet. Test. Mol. Biomarkers 2019, 23,
277-283. [CrossRef]

Li, S; Xin, K.; Pan, S.; Wang, Y.; Zheng, ].; Li, Z.; Liu, X,; Liu, B.; Xu, Z.; Chen, X. Blood-based liquid biopsy: Insights into early
detection, prediction, and treatment monitoring of bladder cancer. Cell. Mol. Biol. Lett. 2023, 28, 1-37. [CrossRef]

Cheng, T.; Roth, B.; Choi, W.; Black, P.C.; Dinney, C.; McConkey, D.J. Fibroblast growth factor receptors-1 and -3 play distinct roles
in the regulation of bladder cancer growth and metastasis: Implications for therapeutic targeting. PLoS ONE 2013, 8, e57284.
[CrossRef] [PubMed]

Lawrence, M.S.; Stojanov, P,; Polak, P.; Kryukov, G.V.; Cibulskis, K.; Sivachenko, A.; Carter, S.L.; Stewart, C.; Mermel, C.H,;
Roberts, S.A ; et al. Mutational heterogeneity in cancer and the search for new cancer-associated genes. Nature 2013, 499, 214-218.
[CrossRef] [PubMed]

Huang, H.-M.; Li, H.-X. Tumor heterogeneity and the potential role of liquid biopsy in bladder cancer. Cancer Commun. 2021, 41,
91-108. [CrossRef] [PubMed]

Heide, T.; Maurer, A_; Eipel, M.; Knoll, K.; Geelvink, M.; Veeck, J.; Knuechel, R.; van Essen, J.; Stoehr, R.; Hartmann, A.; et al.
Multiregion human bladder cancer sequencing reveals tumour evolution, bladder cancer phenotypes and implications for
targeted therapy. J. Pathol. 2019, 248, 230-242. [CrossRef]

Sankin, A.; Hakimi, A.A.; Mikkilineni, N.; Ostrovnaya, I.; Silk, M.T.; Liang, Y.; Mano, R.; Chevinsky, M.; Motzer, RJ;
Solomon, S.B.; et al. The impact of genetic heterogeneity on biomarker development in kidney cancer assessed by multiregional
sampling. Cancer Med. 2014, 3, 1485-1492. [CrossRef] [PubMed]

Boutros, P.C.; Fraser, M.; Harding, N.J.; de Borja, R.; Trudel, D.; Lalonde, E.; Meng, A.; Hennings-Yeomans, P.H.; McPherson, A.;
Sabelnykova, V.Y,; et al. Spatial genomic heterogeneity within localized, multifocal prostate cancer. Nat. Genet. 2015, 47, 736-745.
[CrossRef]

Robertson, A.G.; Kim, J.; Al-Ahmadie, H.; Bellmunt, J.; Guo, G.; Cherniack, A.D.; Hinoue, T.; Laird, PW.; Hoadley, K.A;
Akbani, R.; et al. Comprehensive Molecular Characterization of Muscle-Invasive Bladder Cancer. Cell 2018, 174, 1033. [CrossRef]
[PubMed]

Seiler, R.; Ashab, H.A.D.; Erho, N.; van Rhijn, B.W.; Winters, B.; Douglas, ].; Van Kessel, K.E.; van de Putte, E.E.F.; Sommerlad, M.;
Wang, N.Q.; et al. Impact of Molecular Subtypes in Muscle-invasive Bladder Cancer on Predicting Response and Survival after
Neoadjuvant Chemotherapy. Eur. Urol. 2017, 72, 544-554. [CrossRef] [PubMed]


https://doi.org/10.1038/nature12065
https://www.ncbi.nlm.nih.gov/pubmed/23563269
https://doi.org/10.3390/jpm11030237
https://www.ncbi.nlm.nih.gov/pubmed/33806972
https://doi.org/10.1186/s12943-022-01543-7
https://www.ncbi.nlm.nih.gov/pubmed/35303879
https://doi.org/10.1515/jbcpp-2021-0233
https://www.ncbi.nlm.nih.gov/pubmed/34563104
https://doi.org/10.1016/j.mam.2019.10.005
https://www.ncbi.nlm.nih.gov/pubmed/31711714
https://doi.org/10.1016/S0090-4295(00)00489-1
https://www.ncbi.nlm.nih.gov/pubmed/10840098
https://doi.org/10.1016/S0090-4295(02)02136-2
https://www.ncbi.nlm.nih.gov/pubmed/12559279
https://doi.org/10.1186/s40425-019-0619-8
https://doi.org/10.1634/theoncologist.2019-0851
https://doi.org/10.1016/j.eururo.2015.01.014
https://doi.org/10.1016/j.cell.2018.03.017
https://doi.org/10.1089/gtmb.2018.0189
https://doi.org/10.1186/s11658-023-00442-z
https://doi.org/10.1371/journal.pone.0057284
https://www.ncbi.nlm.nih.gov/pubmed/23468956
https://doi.org/10.1038/nature12213
https://www.ncbi.nlm.nih.gov/pubmed/23770567
https://doi.org/10.1002/cac2.12129
https://www.ncbi.nlm.nih.gov/pubmed/33377623
https://doi.org/10.1002/path.5250
https://doi.org/10.1002/cam4.293
https://www.ncbi.nlm.nih.gov/pubmed/25124064
https://doi.org/10.1038/ng.3315
https://doi.org/10.1016/j.cell.2018.07.036
https://www.ncbi.nlm.nih.gov/pubmed/30096301
https://doi.org/10.1016/j.eururo.2017.03.030
https://www.ncbi.nlm.nih.gov/pubmed/28390739

Cancers 2024, 16, 803 19 of 24

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

Goutas, D.; Palamaris, K.; Stofas, A.; Politakis, N.; Despotidi, A.; Giannopoulou, I.; Goutas, N.; Vlachodimitropoulos, D.;
Kavantzas, N.; Lazaris, A.C.; et al. Inmunohistochemical Study of Bladder Cancer Molecular Subtypes and Their Association
with PD-L1 Expression. Cancers 2023, 15, 188. [CrossRef]

Sharonov, G.V.; Serebrovskaya, E.O.; Yuzhakova, D.V,; Britanova, O.V.; Chudakov, D.M. B cells, plasma cells and antibodyreper-
toires in the tumour microenvironment. Nat. Rev. Immunol. 2020, 20, 294-307. [CrossRef]

Long, F.; Wang, W.; Li, S.; Wang, B.; Hu, X.; Wang, ].; Xu, Y; Liu, M.; Zhou, J.; Si, H.; et al. The potential crosstalk between tumor
and plasma cells and its association with clinical outcome and immunotherapy response in bladder cancer. . Transl. Med. 2023,
21, 298. [CrossRef]

Lim, S.B.; Di Lee, W.; Vasudevan, J.; Lim, W.T.; Lim, C.T. Liquid biopsy: One cell at a time. NP] Precis. Oncol. 2019, 3, 23.
[CrossRef] [PubMed]

Chen, C.K; Liao, J.; Li, M.S.; Khoo, B.L. Urine biopsy technologies: Cancer and beyond. Theranostics 2020, 10, 7872-7888.
[CrossRef]

Kouba, E.; Lopez-Beltran, A.; Montironi, R.; Massari, F; Huang, K.; Santoni, M.; Chovanec, M.; Cheng, M.; Scarpelli, M.;
Zhang, J.; et al. Liquid biopsy in the clinical management of bladder cancer: Current status and future developments. Expert Rev.
Mol. Diagn. 2020, 20, 255-264. [CrossRef]

Ligthart, S.T.; Coumans, FA.; Attard, G.; Cassidy, A.M.; de Bono, ].S.; Terstappen, L.W. Unbiased and automated identification of
a circulating tumour cell definition that associates with overall survival. PLoS ONE 2011, 6, €27419. [CrossRef]

Msaouel, P.; Koutsilieris, M. Diagnostic value of circulating tumor cell detection in bladder and urothelial cancer: Systematic
review and meta-analysis. BMC Cancer 2011, 11, 336. [CrossRef]

Hayes, D.F,; Cristofanilli, M.; Budd, G.T.; Ellis, M.].; Stopeck, A.; Miller, M.C.; Matera, J.; Allard, W.J.; Doyle, G.V.; Terstappen, L.W.
Circulating tumor cells at each follow-up time point during therapy of metastatic breast cancer patients predict progression-free
and overall survival. Clin. Cancer Res. 2006, 12, 4218-4224. [CrossRef] [PubMed]

Gires, O.; Pan, M.; Schinke, H.; Canis, M.; Baeuerle, P.A. Expression and function of epithelial cell adhesion molecule EpCAM:
Where are we after 40 years? Cancer Metastasis Rev. 2020, 39, 969-987. [CrossRef]

van der Fels, C.; Rosati, S.; de Jong, 1.]. EpCAM Expression in Lymph Node Metastases of Urothelial Cell Carcinoma of the
Bladder: A Pilot Study. Int. . Mol. Sci. 2017, 18, 78. [CrossRef]

Raimondi, C.; Gradilone, A.; Gazzaniga, P. Circulating tumor cells in early bladder cancer: Insight into micrometastatic-disease.
Expert Rev. Mol. Diagn. 2014, 14, 407-409. [CrossRef] [PubMed]

Gazzaniga, P; de Berardinis, E.; Raimondi, C.; Gradilone, A.; Busetto, G.M.; De Falco, E.; Nicolazzo, C.; Giovannone, R.; Gentile,
V.; Cortesi, E.; et al. Circulating tumor cells detection has independent prognostic impact in high-risk non- muscle invasive
bladder cancer. Int. ]. Cancer 2014, 135, 1978-1982. [CrossRef]

Soave, A.; Riethdorf, S.; Dahlem, R.; Minner, S.; Weisbach, L.; Engel, O.; Fisch, M.; Pantel, K.; Rink, M. Detection and oncological
effect of circulating tumour cells in patients with variant urothelial carcinoma histology treated with radical cystectomy. BJU Int.
2017, 119, 854-861. [CrossRef]

Zhang, Z.; Fan, W.; Deng, Q.; Tang, S.; Wang, P.; Xu, P.; Wang, J.; Yu, M. The prognostic and diagnostic value of circulating
tumor cells in bladder cancer and upper tract urothelial carcinoma: A meta-analysis of 30 published studies. Oncotarget 2017, 8,
59527-59538. [CrossRef] [PubMed]

Haga, N.; Tsubouchi, K.; Maruta, H.; Koguchi, T.; Hoshi, S.; Ogawa, S.; Akaihata, H.; Hata, ].; Kojima, Y. Increase in circulating
tumor cells in invasive bladder cancer after transurethral resection of bladder tumor. Anticancer Res. 2020, 40, 4299-4307.
[CrossRef]

Abrahamsson, ]J.; Aaltonen, K.; Engilbertsson, H.; Liedberg, E.; Patschan, O.; Rydén, L.; Sjodahl, G.; Gudjonsson, S. Circulating
tumor cells in patients with advanced urothelial carcinoma of the bladder: Association with tumor stage, lymph node metastases,
FDG-PET findings, and survival. Urol. Oncol. 2017, 35, 606-609. [CrossRef]

Gradilone, A.; Petracca, A.; Nicolazzo, C.; Gianni, W.; Cortesi, E.; Naso, G.; Vincenzi, B.; Cristini, C.; De Berardinis, E.; Di
Silverio, F; et al. Prognostic significance of survivin-expressing circulating tumour cells in T1G3 bladder cancer. BJU Int. 2010,
106, 710-715. [CrossRef] [PubMed]

Winters, B.; James, A.; Lee, J.; Kho, J.; Morrissey, C.; Wright, ]. Chemotherapeutic effects on circulating tumor cells in bladder
cancer. Int. J. Urol. 2015, 22, 612-613. [CrossRef] [PubMed]

Nicolazzo, C.; de Berardinis, E.; Gazzaniga, P. Liquid biopsy for predicting Bacillus Calmette-Guérin unresponsiveness in
non-muscle-invasive bladder cancer. Eur. Urol. Oncol. 2021, 4, 124-125. [CrossRef]

Rink, M.; Chun, EK.; Dahlem, R.; Soave, A.; Minner, S.; Hansen, J.; Stoupiec, M.; Coith, C.; Kluth, L.A.; Ahyai, S.A.; et al.
Prognostic role and HER2 expression of circulating tumor cells in peripheral blood of patients prior to radical cystectomy:
A prospective study. Eur. Urol. 2012, 61, 810-817. [CrossRef]

Anantharaman, A.; Friedlander, T.; Lu, D.; Krupa, R.; Premasekharan, G.; Hough, J.; Edwards, M.; Paz, R.; Lindquist, K,;
Graf, R; et al. Programmed death-ligand 1 [PD-L1] characterization of circulating tumor cells [CTCs] in muscle invasiveand
metastatic bladder cancer patients. BMC Cancer 2016, 16, 744. [CrossRef] [PubMed]

Hillig, T.; Horn, P; Nygaard, A.B.; Haugaard, A.S.; Nejlund, S.; Brandslund, I.; S6létormos, G. In vitro detection of circulating
tumor cells compared by the CytoTrack and CellSearch methods. Tumor Biol. 2015, 36, 4597-4601. [CrossRef]


https://doi.org/10.3390/cancers15010188
https://doi.org/10.1038/s41577-019-0257-x
https://doi.org/10.1186/s12967-023-04151-1
https://doi.org/10.1038/s41698-019-0095-0
https://www.ncbi.nlm.nih.gov/pubmed/31602399
https://doi.org/10.7150/thno.44634
https://doi.org/10.1080/14737159.2019.1680284
https://doi.org/10.1371/journal.pone.0027419
https://doi.org/10.1186/1471-2407-11-336
https://doi.org/10.1158/1078-0432.CCR-05-2821
https://www.ncbi.nlm.nih.gov/pubmed/16857794
https://doi.org/10.1007/s10555-020-09898-3
https://doi.org/10.3390/ijms18081802
https://doi.org/10.1586/14737159.2014.908119
https://www.ncbi.nlm.nih.gov/pubmed/24717055
https://doi.org/10.1002/ijc.28830
https://doi.org/10.1111/bju.13782
https://doi.org/10.18632/oncotarget.18521
https://www.ncbi.nlm.nih.gov/pubmed/28938656
https://doi.org/10.21873/anticanres.14432
https://doi.org/10.1016/j.urolonc.2017.05.021
https://doi.org/10.1111/j.1464-410X.2009.09130.x
https://www.ncbi.nlm.nih.gov/pubmed/20128783
https://doi.org/10.1111/iju.12758
https://www.ncbi.nlm.nih.gov/pubmed/25823569
https://doi.org/10.1016/j.euo.2020.09.003
https://doi.org/10.1016/j.eururo.2012.01.017
https://doi.org/10.1186/s12885-016-2758-3
https://www.ncbi.nlm.nih.gov/pubmed/27658492
https://doi.org/10.1007/s13277-015-3105-z

Cancers 2024, 16, 803 20 of 24

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

Amorim, M.; Salta, S.; Henrique, R.; Jerénimo, C. Decoding the usefulness of non-coding RNAs as breast cancer markers. J. Transl.
Med. 2016, 14, 1-15. [CrossRef]

Yang, X.; Ye, T,; Liu, H.; Lv, P; Duan, C.; Wu, X,; Jiang, K.; Lu, H.; Xia, D.; Peng, E.; et al. Expression profiles, biological functions
and clinical significance of circRNAs in bladder cancer. Mol. Cancer 2021, 20, 1-25. [CrossRef]

Wei, Z.; Lan, X.; Ma, X.; Hou, E.; Chen, ].; Gao, H. Molecular mechanism of microRNAs, long noncoding RNAs, and circular
RNAs regulating lymphatic metastasis of bladder cancer. Urol. Oncol. 2024, 42, 3-17.

Feng, L.; Fu, D.; Gao, L.; Cheng, H.; Zhu, C.; Zhang, G. Circular RNA_0001495 increases Robol expression by sponging
microRNA-527 to promote the proliferation, migration and invasion of bladder cancer cells. Carcinogenesis 2021, 42, 1046-1055.
[CrossRef]

Li, Y.; Wan, B,; Liu, L.; Zhou, L.; Zeng, Q. Circular RNA circMTO1 suppresses bladder cancer metastasis by sponging miR-221
and inhibiting epithelial-to-mesenchymal transition. Biochem. Biophys. Res. Commun. 2019, 508, 991-996. [CrossRef]

Zhou, L.; Wang, B.; Zhang, Y.; Yao, K.; Liu, B. Silencing circ-BIRC6 inhibits the proliferation, invasion, migration and epithelial-
mesenchymal transition of bladder cancer cells by targeting the miR-495- 3p/XBP1 signaling axis. Mol. Med. Rep. 2021, 24, 811.
[CrossRef]

Chen, X;; Xie, R.; Gu, P.; Huang, M.; Han, J.; Dong, W.; Xie, W.; Wang, B.; He, W.; Zhong, G.; et al. Long Noncoding RNA LBCS
Inhibits Self-Renewal and Chemoresistance of Bladder Cancer Stem Cells through Epigenetic Silencing of SOX2. Clin. Cancer Res.
2019, 25, 1389-1403. [CrossRef]

Zhang, Y.; Chen, X; Lin, J.; Jin, X. Biological functions and clinical significance of long noncoding RNAs in bladder cancer. Cell
Death Discov. 2021, 7, 1-18. [CrossRef]

Xue, M.; Chen, W.; Xiang, A.; Wang, R.; Chen, H.; Pan, J.; Pang, H.; An, H.; Wang, X.; Hou, H.; et al. Hypoxic exosomes
facilitate bladder tumor growth and development through transferring long non-coding RNA-UCA1. Mol. Cancer 2017, 16, 1-13.
[CrossRef]

Wang, X.; Gong, Y.; Jin, B.; Wu, C.; Yang, J.; Wang, L.; Zhang, Z.; Mao, Z. Long non-coding RNA urothelial carcinoma associated 1
induces cell replication by inhibiting BRG1 in 5637 cells. Oncol. Rep. 2014, 32, 1281-1290. [CrossRef] [PubMed]

Li, H]J,; Li, X,; Pang, H.; Pan, ] J.; Xie, X.J.; Chen, W. Long non-coding RNA UCA1 promotes glutamine metabolism by targeting
miR-16 in human bladder cancer. Jpn. J. Clin. Oncol. 2015, 45, 1055-1063. [CrossRef] [PubMed]

Yang, C.; Li, X.; Wang, Y.; Zhao, L.; Chen, W. Long non-coding RNA UCA1 regulated cell cycle distribution via CREB through
PI3-K dependent pathway in bladder carcinoma cells. Gene 2012, 496, 8-16. [CrossRef] [PubMed]

Gou, L,; Liu, M;; Xia, J.; Wan, Q.; Jiang, Y; Sun, S.; Tang, M.; Zhou, L.; He, T.; Zhang, Y. BMP9 Promotes the Proliferation and
Migration of Bladder Cancer Cells through Up-Regulating IncRNA UCAL. Int. ]. Mol. Sci. 2018, 19, 1116. [CrossRef] [PubMed]
Sethi, S.; Sethi, S.; Bluth, M.H. Clinical implication of microRNAs in molecular pathology: An update for 2018. Clin. Lab. Med.
2018, 38, 237-251. [CrossRef] [PubMed]

Feng, Y,; Kang, Y.; He, Y,; Liu, J.; Liang, B.; Yang, P.; Yu, Z. microRNA-99a acts as a tumor suppressor and is down-regulated in
bladder cancer. BMC Urol. 2014, 14, 50. [CrossRef]

Feng, Y; Liu, ].; Kang, Y.; He, Y;; Liang, B.; Yang, P.; Yu, Z. miR-19a acts as an oncogenic microRNA and is up-regulated in bladder
cancer. J. Exp. Clin. Cancer Res. 2014, 33, 67. [CrossRef]

Adam, L.; Wszolek, M.E; Liu, C.G,; Jing, W.; Diao, L.; Zien, A.; Zhang, ].D.; Jackson, D.; Dinney, C.P. Plasma microRNA profiles
for bladder cancer detection. Urol. Oncol. 2013, 31, 1701-1708. [CrossRef]

Petrut, B.; Achimas-Cadariu, P.; Berindan-Neagoe, I. Clinical and pathological implication of miRNA in bladder cancer. Int. J.
Nanomed. 2015, 10, 791-800.

Wang, Y.; Xu, Z.; Wang, X. miRNA-373 promotes urinary bladder cancer cell proliferation, migration and invasion through
upregulating epidermal growth factor receptor. Exp. Ther. Med. 2019, 17, 1190-1195. [CrossRef] [PubMed]

Yang, Y.; Qu, A,; Liu, J.; Wang, R;; Liu, Y,; Li, G.; Duan, W.; Fang, Q.; Jiang, X.; Wang, L.; et al. Serum miR-210 contributes to tumor
detection, stage prediction and dynamic surveillance in patients with bladder cancer. PLoS ONE 2015, 10, e135168. [CrossRef]
[PubMed]

Fang, Z.; Dai, W.; Wang, X.; Chen, W.; Shen, C.; Ye, G.; Li, L. Circulating miR-205, a promising biomarker for the detection and
prognosis evaluation of bladder cancer. Tumor Biol. 2016, 37, 8075-8082. [CrossRef] [PubMed]

Eissa, S.; Matboli, M.; Essawy, N.O.; Kotb, Y.M. Integrative functional genetic-epigenetic approach for selecting genes as urine
biomarkers for bladder cancer diagnosis. Tumor Biol. 2015, 36, 9545-9552. [CrossRef] [PubMed]

Bratu, O.; Marcu, D.; Anghel, R.; Spinu, D.; Iorga, L.; Balescu, I.; Bacalbasa, N.; Diaconu, C.; Savu, C.; Savu, C.; et al. Tumoral
markers in bladder cancer. Exp. Ther. Med. 2021, 22, 773. [CrossRef] [PubMed]

Pardini, B.; Cordero, F.; Naccarati, A.; Viberti, C.; Birolo, G.; Oderda, M.; Di Gaetano, C.; Arigoni, M.; Martina, F,;
Calogero, R.A.; et al. MicroRNA profiles in urine by next-generation sequencing can stratify bladder cancer subtypes. Oncotarget
2018, 9, 20658-20669. [CrossRef]

Ignatiadis, M.; Lee, M.; Jeffrey, S.S. Circulating Tumor Cells and Circulating Tumor DNA: Challenges and Opportunities on the
Path to Clinical Utility. Clin. Cancer Res. 2015, 21, 4786-4800. [CrossRef]

Xiao, Y;; Ju, L; Qian, K;; Jin, W,; Wang, G.; Zhao, Y.; Jiang, W.; Liu, N.; Wu, K.; Peng, M.; et al. Non-invasive diagnosis and
surveillance of bladder cancer with driver and passenger DNA methylation in a prospective cohort study. Clin. Transl. Med. 2022,
12, 1008. [CrossRef]


https://doi.org/10.1186/s12967-016-1025-3
https://doi.org/10.1186/s12943-020-01300-8
https://doi.org/10.1093/carcin/bgab040
https://doi.org/10.1016/j.bbrc.2018.12.046
https://doi.org/10.3892/mmr.2021.12451
https://doi.org/10.1158/1078-0432.CCR-18-1656
https://doi.org/10.1038/s41420-021-00665-z
https://doi.org/10.1186/s12943-017-0714-8
https://doi.org/10.3892/or.2014.3309
https://www.ncbi.nlm.nih.gov/pubmed/24993775
https://doi.org/10.1093/jjco/hyv132
https://www.ncbi.nlm.nih.gov/pubmed/26373319
https://doi.org/10.1016/j.gene.2012.01.012
https://www.ncbi.nlm.nih.gov/pubmed/22285928
https://doi.org/10.3390/ijms19041116
https://www.ncbi.nlm.nih.gov/pubmed/29642505
https://doi.org/10.1016/j.cll.2018.02.003
https://www.ncbi.nlm.nih.gov/pubmed/29776629
https://doi.org/10.1186/1471-2490-14-50
https://doi.org/10.1186/s13046-014-0067-8
https://doi.org/10.1016/j.urolonc.2012.06.010
https://doi.org/10.3892/etm.2018.7061
https://www.ncbi.nlm.nih.gov/pubmed/30679992
https://doi.org/10.1371/journal.pone.0135168
https://www.ncbi.nlm.nih.gov/pubmed/26252880
https://doi.org/10.1007/s13277-015-4698-y
https://www.ncbi.nlm.nih.gov/pubmed/26715266
https://doi.org/10.1007/s13277-015-3722-6
https://www.ncbi.nlm.nih.gov/pubmed/26138586
https://doi.org/10.3892/etm.2021.10205
https://www.ncbi.nlm.nih.gov/pubmed/34055072
https://doi.org/10.18632/oncotarget.25057
https://doi.org/10.1158/1078-0432.CCR-14-1190
https://doi.org/10.1002/ctm2.1008

Cancers 2024, 16, 803 21 of 24

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

Marques-Magalhaes, A.; Graga, I.; Henrique, R.; Jeronimo, C. Targeting DNA Methyltranferases in Urological Tumors. Front.
Pharmacol. 2018, 9, 366. [CrossRef]

Ehlert, T.; Tug, S.; Brahmer, A.; Neef, V.; Heid, F; Werner, C.; Jansen-Winkeln, B.; Kneist, W.; Lang, H.; Gockel, L; et al. Establishing
PNB-qPCR for quantifying minimal ctDNA concentrations during tumour resection. Sci. Rep. 2017, 7, 8876. [CrossRef]
Hentschel, A.E.; Beijert, L.].; Bosschieter, J.; Kauer, P.C.; Vis, A.N.; Lissenberg-Witte, B.I.; van Moorselaar, R.J.A.; Steenbergen,
R.D.M.; Nieuwenhuijzen, J.A. Bladder cancer detection in urine using DNA methylation markers: A technical and prospective
preclinical validation. Clin. Epigenetics 2022, 14, 19. [CrossRef]

Hauser, S.; Kogej, M.; Fechner, G.; Pezold, V.O.N.; Vorreuther, R.; Limmen, G.; Miiller, S.C.; Ellinger, J. Serum DNA hypermethy-
lation in patients with bladder cancer: Results of a prospective multicenter study. Anticancer Res. 2013, 33, 779-784.

Ye, F; Liang, Y.; Hu, J.; Hu, Y;; Liu, Y,; Cheng, Z.; Ou, Y.; Xu, C.; Jiang, H. DNA Methylation Modification Map to Predict Tumor
Molecular Subtypes and Efficacy of Inmunotherapy in Bladder Cancer. Front. Cell Dev. Biol. 2021, 9, 760369. [CrossRef] [PubMed]
Hanusek, K.; Poletajew, S.; Kryst, P.; Piekietko-Witkowska, A.; Bogustawska, J. piRNAs and PIWI Proteins as Diagnostic and
Prognostic Markers of Genitourinary Cancers. Biomolecules 2022, 12, 186. [CrossRef] [PubMed]

Gui, Y;; Guo, G.; Huang, Y,; Hu, X,; Tang, A; Gao, S.; Wu, R.; Chen, C.; Li, X.; Zhou, L.; et al. Frequent mutations of chromatin
remodeling genes in transitional cell carcinoma of the bladder. Nat. Genet 2011, 43, 875-878. [CrossRef] [PubMed]

van der Vos, K.E.; Vis, D.J.; Nevedomskaya, E.; Kim, Y.; Choi, W.; McConkey, D.; Wessels, L.E.A.; van Rhijn, BW.G.; Zwart, W,;
van der Heijden, M.S. Epigenetic profiling demarcates molecular subtypes of muscle-invasive bladder cancer. Sci. Rep. 2020,
10, 10952. [CrossRef] [PubMed]

Simna, S.P.; Han, Z. Prospects of Non-Coding Elements in Genomic DNA Based Gene Therapy. Curr. Gene Ther. 2022, 22, 89-103.
[CrossRef] [PubMed]

Chen, J.-Q.; Salas, L.A.; Wiencke, ] K.; Koestler, D.C.; Molinaro, A.M.; Andrew, A.S,; Seigne, ].D.; Karagas, M.R.; Kelsey, K.T.;
Christensen, B.C. Inmune profiles and DNA methylation alterations related with non-muscle-invasive bladder cancer outcomes.
Clin. Epigenetics 2022, 14, 14. [CrossRef] [PubMed]

Oxnard, G.R.; Paweletz, C.P; Sholl, L. M. Genomic analysis of plasma cell-free DNA in patients with cancer. JAMA Oncol. 2017, 3,
740-741. [CrossRef] [PubMed]

Siravegna, G.; Marsoni, S.; Siena, S.; Bardelli, A. Integrating liquid biopsies into the management of cancer. Nat. Rev. Clin. Oncol.
2017, 14, 531-548. [CrossRef] [PubMed]

Pang, K.H.; Esperto, F.; Noon, A.P.; EAU Young Academic Urologists-Urothelial Cancer Working party. Opportunities of
next-generation sequencing in non-muscle invasive bladder cancer outcome rediction. Transl. Androl. Urol. 2017, 6, 1043-1048.
[CrossRef] [PubMed]

Pietzak, E.J.; Bagrodia, A.; Cha, E.K; Drill, EN.; Iyer, G.; Isharwal, S.; Ostrovnaya, I.; Baez, P; Li, Q.; Berger, M.F,; et al. Next-
generation Sequencing of Nonmuscle Invasive Bladder Cancer Reveals Potential Biomarkers and Rational Therapeutic Targets.
Eur. Urol. 2017, 72, 952-959. [CrossRef]

Birkenkamp-Demtroder, K.; Nordentoft, I.; Christensen, E.; Hoyer, S.; Reinert, T.; Vang, S.; Borre, M.; Agerbaek, M.; Jensen,
J.B.; Orntoft, T.E; et al. Genomic Alterations in Liquid Biopsies from Patients with Bladder Cancer. Eur. Urol. 2016, 70, 75-82.
[CrossRef]

Scott, S.N.; Ostrovnaya, I.; Lin, C.M.; Bouvier, N.; Bochner, B.H.; Iyer, G.; Solit, D.; Berger, M.E; Lin, O. Next-generation sequencing
of urine specimens: A novel platform for genomic analysis in patients with non-muscle-invasive urothelial carcinoma treated
with bacille Calmette-Guérin. Cancer Cytopathol. 2017, 125, 416-426. [CrossRef]

Patel, K.M.; van der Vos, K.E.; Smith, C.G.; Mouliere, F.; Tsui, D.; Morris, J.; Chandrananda, D.; Marass, F.; van den Broek, D.;
Neal, D.E,; et al. Association of plasma and urinary mutant DNA with clinical outcomes in muscle invasive bladder cancer. Sci.
Rep. 2017, 7, 5554. [CrossRef]

Birkenkamp-Demtroder, K.; Christensen, E.; Nordentoft, I.; Knudsen, M.; Taber, A.; Hoyer, S.; Lamy, P.; Agerbaek, M.; Jensen, ].B.;
Dyrskjot, L. Monitoring treatment response and metastatic relapse in advanced bladder cancer by liquid biopsy analysis. Eur.
Urol. 2018, 73, 535-540. [CrossRef]

Vandekerkhove, G.; Lavoie, ].M.; Annala, M.; Murtha, A.J.; Sundahl, N.; Walz, S.; Sano, T.; Taavitsainen, S.; Ritch, E.;
Fazli, L.; et al. Plasma ctDNA is a tumor tissue surrogate and enables clinical-genomic stratification of metastatic bladder
cancer. Nat. Commun. 2021, 12, 184. [CrossRef]

Powles, T.; Assaf, Z.J.; Davarpanah, N.; Banchereau, R.; Szabados, B.E.; Yuen, K.C.; Grivas, P; Hussain, M.; Oudard, S.;
Gschwend, J.E.; et al. ctDNA guiding adjuvant immunotherapy in urothelial carcinoma. Nature 2021, 595, 432-437. [CrossRef]
Raja, R.; Kuziora, M.; Brohawn, P.Z; Higgs, B.W.; Gupta, A.; Dennis, P.A.; Ranade, K. Early Reduction in ctDNA Predicts Survival
in patients with lung and bladder cancer treated with durvalumab. Clin. Cancer Res. 2018, 24, 6212-6222. [CrossRef]

Ravi, P; Ravi, A.; Riaz, 1.B.; Freeman, D.; Curran, C.; Mantia, C.; McGregor, B.A.; Kilbridge, K.L.; Pan, C.X.; Pek, M.; et al.
Longitudinal evaluation of circulating tumor DNA using sensitive amplicon-based next-generation sequencing to identify
resistance mechanisms to immune checkpoint inhibitors for advanced urothelial carcinoma. Oncologist 2022, 27, e406—e409.
[CrossRef] [PubMed]

Schmidt, D.R.; Patel, R.; Kirsch, D.G.; Lewis, C.A.; Vander, H.M.; Locasale, ].W. Metabolomics in cancer research and emerging
applications in clinical oncology. Cancer . Clin. 2021, 71, 333-358. [CrossRef]


https://doi.org/10.3389/fphar.2018.00366
https://doi.org/10.1038/s41598-017-09137-w
https://doi.org/10.1186/s13148-022-01240-8
https://doi.org/10.3389/fcell.2021.760369
https://www.ncbi.nlm.nih.gov/pubmed/34926451
https://doi.org/10.3390/biom12020186
https://www.ncbi.nlm.nih.gov/pubmed/35204687
https://doi.org/10.1038/ng.907
https://www.ncbi.nlm.nih.gov/pubmed/21822268
https://doi.org/10.1038/s41598-020-67850-5
https://www.ncbi.nlm.nih.gov/pubmed/32616859
https://doi.org/10.2174/1566523221666210419090357
https://www.ncbi.nlm.nih.gov/pubmed/33874871
https://doi.org/10.1186/s13148-022-01234-6
https://www.ncbi.nlm.nih.gov/pubmed/35063012
https://doi.org/10.1001/jamaoncol.2016.2835
https://www.ncbi.nlm.nih.gov/pubmed/27541382
https://doi.org/10.1038/nrclinonc.2017.14
https://www.ncbi.nlm.nih.gov/pubmed/28252003
https://doi.org/10.21037/tau.2017.10.04
https://www.ncbi.nlm.nih.gov/pubmed/29354491
https://doi.org/10.1016/j.eururo.2017.05.032
https://doi.org/10.1016/j.eururo.2016.01.007
https://doi.org/10.1002/cncy.21847
https://doi.org/10.1038/s41598-017-05623-3
https://doi.org/10.1016/j.eururo.2017.09.011
https://doi.org/10.1038/s41467-020-20493-6
https://doi.org/10.1038/s41586-021-03642-9
https://doi.org/10.1158/1078-0432.CCR-18-0386
https://doi.org/10.1093/oncolo/oyac037
https://www.ncbi.nlm.nih.gov/pubmed/35294031
https://doi.org/10.3322/caac.21670

Cancers 2024, 16, 803 22 of 24

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.
130.

Frantzi, M.; van Kessel, K.E.; Zwarthoff, E.C.; Marquez, M.; Rava, M.; Malats, N.; Merseburger, A.S.; Katafigiotis, I.; Stravodimos,
K.; Mullen, W,; et al. Development and Validation of Urine-based Peptide Biomarker Panels for Detecting Bladder Cancer in a
Multi-center Study. Clin. Cancer Res. 2016, 22, 4077-4086. [CrossRef] [PubMed]

Li, Y; Ruan, Q. Li, Y,; Ye, G.; Lu, X;; Lin, X; Xu, G. A novel approach to transforming a non-targeted metabolic profiling method
to a pseudo-targeted method using the retention time locking gas chromatography/mass spectrometry-selected ions monitoring.
J. Chromatogr. A 2012, 1255, 228-236. [CrossRef] [PubMed]

Azad, RK.; Shulaev, V. Metabolomics technology and bioinformatics for precision medicine. Brief. Bioinform. 2019, 20, 1957-1971.
[CrossRef]

Spratlin, J.L.; Serkova, N.J.; Eckhardt, S.G. Clinical applications of metabolomics in oncology: A review. Clin. Cancer Res. 2009, 15,
431-440. [CrossRef]

Pan, S.; Brentnall, T.A.; Chen, R. Proteomics analysis of bodily fluids in pancreatic cancer. Proteomics 2015, 15, 2705-2715.
[CrossRef]

Loras, A.; Trassierra, M.; Sanjuan-Herrdez, D.; Martinez-Bisbal, M.C.; Castell, J.V.; Quintas, G.; Ruiz-Cerda, J.L. Bladder cancer
recurrence surveillance by urine metabolomics analysis. Sci. Rep. 2018, 8, 9172. [CrossRef] [PubMed]

Issaq, H.J.; Nativ, O.; Waybright, T.; Luke, B.; Veenstra, T.D.; Issaq, E.J.; Kravstov, A.; Mullerad, M. Detection of Bladder Cancer in
Human Urine by Metabolomic Profiling Using High Performance Liquid Chromatography/Mass Spectrometry. J. Urol. 2008, 179,
2422-2426. [CrossRef] [PubMed]

Flores Monar, G.V.; Reynolds, T.; Gordon, M.; Moon, D.; Moon, C. Molecular Markers for Bladder Cancer Screening: An Insight
into Bladder Cancer and FDA-Approved Biomarkers. Int. J. Mol. Sci. 2023, 24, 14374. [CrossRef] [PubMed]

Ng, K,; Stenzl, A.; Sharma, A.; Vasdev, N. Urinary biomarkers in bladder cancer: A review of the current landscape and future
directions. Urol. Oncol. Semin. Orig. Investig. 2021, 39, 41-51. [CrossRef]

Miremami, J.; Kyprianou, N. The promise of novel molecular markers in bladder cancer. Int. . Mol. Sci. 2014, 15, 23897-23908.
[CrossRef]

Kinders, R.; Jones, T.; Root, R.; Bruce, C.; Murchison, H.; Corey, M.; Williams, L.; Enfield, D.; Hass, G.M. Complement factor H or
a related protein is a marker for transitional cell cancer of the bladder. Cancer Res. Off. ]. Am. Assoc. Cancer Res. 1998, 4, 2511-2520.
Muhammad, A.S.; Mungadi, I.A.; Darlington, N.N.; Kalayi, G.D. Effectiveness of bladder tumor antigen quantitative test in the
diagnosis of bladder carcinoma in a schistosoma endemic area. Urol. Ann. 2019, 11, 143-148. [CrossRef]

Moonen, PM.].; Merkx, G.EM.; Peelen, P; Karthaus, H.EM.; Smeets, D.F.C.M.; Witjes, J.A. UroVysion Compared with Cytology
and Quantitative Cytology in the Surveillance of Non-Muscle-Invasive Bladder Cancer. Eur. Urol. 2007, 51, 1275-1280. [CrossRef]
Pode, D.; Shapiro, A.; Wald, M.; Nativ, O.; Laufer, M.; Kaver, I. Noninvasive detection of bladder cancer with the BTA stat test.
J. Urol. 1999, 161, 443-446. [CrossRef]

Beukers, W.; van der Keur, K.A.; Kandimalla, R.; Vergouwe, Y.; Steyerberg, E.W.; Boormans, J.L.; Jensen, ].B.; Lorente, ].A.; Real,
F.X,; Segersten, U.; et al. FGFR3 , TERT and OTX1 as a Urinary Biomarker Combination for Surveillance of Patients with Bladder
Cancer in a Large Prospective Multicenter Study. J. Urol. 2016, 197, 1410-1418. [CrossRef]

Gong, YYW.; Wang, Y.R.; Fan, G.R.; Niu, Q.; Zhao, Y.L.; Wang, H.; Svatek, R.; Rodriguez, R.; Wang, Z.P. Diagnostic and prognostic
role of BTA, NMP22, survivin and cytology in urothelial carcinoma. Transl. Cancer Res. 2021, 10, 3192-3205. [CrossRef]

Xia, C.S.; Fan, C.H.; Su, M.; Wang, Q.S.; Bao, H.Z. Use of the Nuclear Matrix Protein 22 BladderChek Test for the Detection of
Primary and Recurrent Urothelial Carcinoma. Dis. Markers 2020, 2020, 3424039. [CrossRef]

Lokeshwar, V.B.; Habuchi, T.; Grossman, H.B.; Murphy, W.M.; Hautmann, S.H.; Hemstreet, G.P.; Bono, A.V.; Getzenberg, R H.;
Goebell, P.; Schmitz-Drager, B.J.; et al. Bladder tumor markers beyond cytology: International Consensus Panel on bladder tumor
markers. Urology 2005, 66, 35-63. [CrossRef] [PubMed]

Sokolova, I.A.; Halling, K.C.; Jenkins, R.B.; Burkhardt, HM.; Meyer, R.G,; Seelig, S.A.; King, W. The Development of a Multitarget,
Multicolor Fluorescence in Situ Hybridization Assay for the Detection of Urothelial Carcinoma in Urine. J. Mol. Diagn. 2000, 2,
116-123. [CrossRef] [PubMed]

Liem, E.; Oddens, J.R.; Vernooij, RW.M.; Li, R.; Kamat, A.; Dinney, C.P.; Mengual, L.; Alcaraz, A.; Izquierdo, L.; Savic, S.; et al.
The Role of Fluorescence In Situ Hybridization for Predicting Recurrence after Adjuvant bacillus Calmette-Guerin in Patients
with Intermediate and High Risk Nonmuscle Invasive Bladder Cancer: A Systematic Review and Meta-Analysis of Individual
Patient Data. J. Urol. 2020, 203, 283-291. [CrossRef] [PubMed]

Bao, Y; Tu, X,; Chang, T.; Qiu, S.; Yang, L.; Geng, J.; Quan, L.; Wei, Q. The role of fluorescence in situ hybridization to predict
patient response to intravesical Bacillus Calmette-Guerin therapy for bladder cancer: A diagnostic meta-analysis and systematic
review. Medicine 2018, 97, €12227. [CrossRef] [PubMed]

Pfister, C.; Chautard, D.; Devonec, M.; Perrin, P.; Chopin, D.; Rischmann, P.; Bouchot, O.; Beurton, D.; Coulange, C.; Rambeaud,
J.-J. Immunocyt Test Improves the Diagnostic Accuracy of Urinary Cytology: Results of a French Multicenter Study. J. Urol. 2003,
169, 921-924. [CrossRef] [PubMed]

He, H.; Han, C.; Hao, L.; Zang, G. InmunoCyt test compared to cytology in the diagnosis of bladder cancer: A meta-analysis.
Oncol. Lett. 2016, 12, 83-88. [CrossRef] [PubMed]

Bhat, A ; Ritch, C.R. Urinary biomarkers in bladder cancer: Where do we stand? Curr. Opin. Urol. 2019, 29, 203-209. [CrossRef]

Schulz, A.; Loloi, J.; Martina, L.P; Sankin, A. The Development of Non-Invasive Diagnostic Tools in Bladder Cancer. OTT 2022,
15, 497-507. [CrossRef]


https://doi.org/10.1158/1078-0432.CCR-15-2715
https://www.ncbi.nlm.nih.gov/pubmed/27026199
https://doi.org/10.1016/j.chroma.2012.01.076
https://www.ncbi.nlm.nih.gov/pubmed/22342183
https://doi.org/10.1093/bib/bbx170
https://doi.org/10.1158/1078-0432.CCR-08-1059
https://doi.org/10.1002/pmic.201400476
https://doi.org/10.1038/s41598-018-27538-3
https://www.ncbi.nlm.nih.gov/pubmed/29907864
https://doi.org/10.1016/j.juro.2008.01.084
https://www.ncbi.nlm.nih.gov/pubmed/18433783
https://doi.org/10.3390/ijms241814374
https://www.ncbi.nlm.nih.gov/pubmed/37762677
https://doi.org/10.1016/j.urolonc.2020.08.016
https://doi.org/10.3390/ijms151223897
https://doi.org/10.4103/UA.UA_192_17
https://doi.org/10.1016/j.eururo.2006.10.044
https://doi.org/10.1016/S0022-5347(01)61918-9
https://doi.org/10.1016/j.juro.2016.12.096
https://doi.org/10.21037/tcr-21-386
https://doi.org/10.1155/2020/3424039
https://doi.org/10.1016/j.urology.2005.08.064
https://www.ncbi.nlm.nih.gov/pubmed/16399415
https://doi.org/10.1016/S1525-1578(10)60625-3
https://www.ncbi.nlm.nih.gov/pubmed/11229514
https://doi.org/10.1097/JU.0000000000000566
https://www.ncbi.nlm.nih.gov/pubmed/31549936
https://doi.org/10.1097/MD.0000000000012227
https://www.ncbi.nlm.nih.gov/pubmed/30200146
https://doi.org/10.1097/01.ju.0000048983.83079.4c
https://www.ncbi.nlm.nih.gov/pubmed/12576813
https://doi.org/10.3892/ol.2016.4556
https://www.ncbi.nlm.nih.gov/pubmed/27347104
https://doi.org/10.1097/MOU.0000000000000605
https://doi.org/10.2147/OTT.S283891

Cancers 2024, 16, 803 23 of 24

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

144.

145.

146.

147.

148.

149.

150.

151.

152.

153.

Nagai, T.; Naiki, T.; Etani, T,; Ilida, K.; Noda, Y.; Shimizu, N.; Isobe, T.; Nozaki, S.; Okamura, T.; Ando, R.; et al. UroVysion
fluorescence in situ hybridization in urothelial carcinoma: A narrative review and future perspectives. Transl. Androl. Urol. 2021,
10, 1908-1917. [CrossRef]

Feber, A.; Dhami, P; Dong, L.; de Winter, P; Tan, W.S.; Martinez-Fernandez, M.; Paul, D.S.; Hynes-Allen, A.; Rezaee, S.;
Gurung, P; et al. UroMark—A urinary biomarker assay for the detection of bladder cancer. Clin. Epigenetics 2017, 9, 8. [CrossRef]
[PubMed]

Ikeda, A.; Kojima, T.; Kawai, K.; Hinotsu, S.; Keino, N.; Shiga, K.; Miyake, H.; Miyata, Y.; Enomoto, Y.; Shimizu, F; et al. Risk for
intravesical recurrence of bladder cancer stratified by the results on two consecutive UroVysion fluorescence in situ hybridization
tests: A prospective follow-up study in Japan. Int. J. Clin. Oncol. 2020, 25, 1163-1169. [CrossRef]

Avogbe, PH.; Manel, A ; Vian, E.; Durand, G.; Forey, N.; Voegele, C.; Zvereva, M.; Hosen, I.; Meziani, S.; De Tilly, B.; et al. Urinary
TERT promoter mutations as non-invasive biomarkers for the comprehensive detection of urothelial cancer. EBioMedicine 2019,
44, 431-438. [CrossRef] [PubMed]

Sieverink, C.A.; Batista, R P.M.; Prazeres, H.].M.; Vinagre, ].; Sampaio, C.; Leao, R.R.; Maximo, V.; Witjes, ].A.; Soares, P. Clinical
Validation of a Urine Test (Uromonitor-V2®) for the Surveillance of Non-Muscle-Invasive Bladder Cancer Patients. Diagnostics
2020, 10, 745. [CrossRef]

Iwata, H.; Sassa, N.; Kato, M.; Murase, Y.; Seko, S.; Kawanishi, H.; Hattori, R.; Gotoh, M.; Tsuzuki, T. UroVysion®predicts
intravesical recurrence after radical nephroureterectomy for urothelial carcinoma of the upper urinary tract: A prospective study.
Int. J. Clin. Oncol. 2020, 26, 178-185. [CrossRef]

Sassa, N.; Iwata, H.; Kato, M.; Murase, Y.; Seko, S.; Nishikimi, T.; Hattori, R.; Gotoh, M.; Tsuzuki, T. Diagnostic Utility of
UroVysion Combined With Conventional Urinary Cytology for Urothelial Carcinoma of the Upper Urinary Tract. Am. J. Clin.
Pathol. 2019, 151, 469-478. [CrossRef] [PubMed]

Roperch, J.-P; Hennion, C. A novel ultra-sensitive method for the detection of FGFR3 mutations in urine of bladder cancer
patients—design of the Urodiag® PCR kit for surveillance of patients with non-muscle-invasive bladder cancer (NMIBC). BMC
Med. Genet. 2020, 21, 1-12. [CrossRef]

Chen, K.; Chauhan, PS.; Babbra, RK.; Feng, W.; Pejovic, N.; Nallicheri, A.; Harris, PK.; Dienstbach, K.; Atkocius, A;
Maguire, L.; et al. Tracking Minimal Residual Disease with Urine Tumor DNA in Muscle-invasive Bladder Cancer After
Neoadjuvant Chemotherapy. Wolters Kluwer Health 2021, 2021, e16514. [CrossRef]

Mancini, M.; Righetto, M.; Zumerle, S.; Montopoli, M.; Zattoni, F. The Bladder EpiCheck Test as a Non-Invasive Tool Based on the
Identification of DNA Methylation in Bladder Cancer Cells in the Urine: A Review of Published Evidence. Int. ]. Mol. Sci. 2020,
21, 6542. [CrossRef]

Pierconti, F.; Martini, M.; Fiorentino, V.; Cenci, T.; Capodimonti, S.; Straccia, P.; Sacco, E.; Pugliese, D.; Cindolo, L.;
Larocca, L.M.; et al. The combination cytology/epichek test in non muscle invasive bladder carcinoma follow-up: Effective tool
or useless expence? Urol. Oncol. Semin. Orig. Investig. 2020, 39, 131.e17-131.e21. [CrossRef]

Liu, Y.-L.; Wang, X.-L.; Yang, X.-H.; Wu, X.-H.; He, G.-X; Xie, L.-M.; Cao, X.-]J.; Guo, X.-G. Pooled analysis of Xpert Bladder
Cancer based on the 5 mRNAs for rapid diagnosis of bladder carcinoma. World . Surg. Oncol. 2021, 19, 1-10. [CrossRef]
Huang, Y.-L.; Chen, J.; Yan, W.; Zang, D.; Qin, Q.; Deng, A.-M. Diagnostic accuracy of cytokeratin-19 fragment (CYFRA 21-1) for
bladder cancer: A systematic review and meta-analysis. Tumor Biol. 2015, 36, 3137-3145. [CrossRef] [PubMed]

O’Sullivan, P; Sharples, K.; Dalphin, M.; Davidson, P.; Gilling, P; Cambridge, L.; Harvey, J.; Toro, T.; Giles, N,
Luxmanan, C.; et al. A Multigene Urine Test for the Detection and Stratification of Bladder Cancer in Patients Present-
ing with Hematuria. J. Urol. 2012, 188, 741-747. [CrossRef]

Lu, P; Cui, J.; Chen, K,; Lu, Q.; Zhang, J.; Tao, J.; Han, Z.; Zhang, W.; Song, R.; Gu, M. Diagnostic accuracy of the UBC®Rapid Test
for bladder cancer: A meta-analysis. Oncol. Lett. 2018, 16, 3770-3778. [CrossRef] [PubMed]

Hirasawa, Y.; Pagano, I.; Chen, R.; Sun, Y,; Dai, Y.; Gupta, A.; Tikhonenkov, S.; Goodison, S.; Rosser, C.J.; Furuya, H. Diagnostic
performance of Oncuria™, a urinalysis test for bladder cancer. J. Transl. Med. 2021, 19, 1-10. [CrossRef] [PubMed]

Konety, B.R. Molecular markers in bladder cancer: A critical appraisal. Urol. Oncol. 2006, 24, 326-337. [CrossRef]

Deininger, S.; Hennenlotter, J.; Rausch, S.; Docktor, K.; Neumann, E.; da Costa, L.A.; Bedke, ].; Stenzl, A.; Todenhofer, T. No
influence of smoking status on the performance of urine markers for the detection of bladder cancer. J. Cancer Res. Clin. Oncol.
2018, 144, 1367-1373. [CrossRef]

de Martino, M.; Shariat, S.F.; Hofbauer, S.L.; Lucca, 1.; Taus, C.; Wiener, H.G.; Haitel, A.; Susani, M.; Klatte, T. Aurora A Kinase as
a diagnostic urinary marker for urothelial bladder cancer. World J. Urol. 2014, 33, 105-110. [CrossRef]

Pozzi, V.,; Di Ruscio, G.; Sartini, D.; Campagna, R.; Seta, R.; Fulvi, P.; Vici, A.; Milanese, G.; Brandoni, G.; Galosi, A.B.; et al.
Clinical performance and utility of NNMT-based urine test for bladder cancer. Int. J. Biol. Markers 2018, 33, 94-101. [CrossRef]
Choi, S.; Shin, J.H.; Lee, Y.R.; Joo, HK,; Song, K.H.; Na, Y.G.; Chang, S.J.; Lim, ].S.; Jeon, B.H. Urinary APE1/Refl, A potential
bladder cancer biomarker. Dis. Markers 2016, 2016, 7276502. [CrossRef]

Rosso, O.; Piazza, T.; Bongarzone, I.; Rosello, A.; Mezzanzanica, D.; Canevari, S.; Orengo, A.M.; Puppo, A.; Ferrini, S.; Fabbi, M.
The ALCAM shedding by metalloprotease ADAM17/TACE is involved in motility ofovarian carcinoma cells. Mol. Cancer Res.
2007, 5, 1246-1253. [CrossRef]

Ecke, T.H.; WeiB3, S.; Stephan, C.; Hallmann, S.; Barski, D.; Otto, T.; Gerullis, H. UBC® Rapid Test for detection of carcinoma in situ
for bladder cancer. Tumor Biol. 2017, 39, 1010428317701624. [CrossRef]


https://doi.org/10.21037/tau-20-1207
https://doi.org/10.1186/s13148-016-0303-5
https://www.ncbi.nlm.nih.gov/pubmed/28163793
https://doi.org/10.1007/s10147-020-01634-9
https://doi.org/10.1016/j.ebiom.2019.05.004
https://www.ncbi.nlm.nih.gov/pubmed/31122840
https://doi.org/10.3390/diagnostics10100745
https://doi.org/10.1007/s10147-020-01785-9
https://doi.org/10.1093/ajcp/aqy170
https://www.ncbi.nlm.nih.gov/pubmed/30668617
https://doi.org/10.1186/s12881-020-01050-w
https://doi.org/10.1200/JCO.2021.39.15_suppl.e16514
https://doi.org/10.3390/ijms21186542
https://doi.org/10.1016/j.urolonc.2020.06.018
https://doi.org/10.1186/s12957-021-02154-0
https://doi.org/10.1007/s13277-015-3352-z
https://www.ncbi.nlm.nih.gov/pubmed/25854170
https://doi.org/10.1016/j.juro.2012.05.003
https://doi.org/10.3892/ol.2018.9089
https://www.ncbi.nlm.nih.gov/pubmed/30127987
https://doi.org/10.1186/s12967-021-02796-4
https://www.ncbi.nlm.nih.gov/pubmed/33823873
https://doi.org/10.1016/j.urolonc.2005.11.023
https://doi.org/10.1007/s00432-018-2639-z
https://doi.org/10.1007/s00345-014-1267-8
https://doi.org/10.5301/ijbm.5000311
https://doi.org/10.1155/2016/7276502
https://doi.org/10.1158/1541-7786.MCR-07-0060
https://doi.org/10.1177/1010428317701624

Cancers 2024, 16, 803 24 of 24

154.

155.

156.

157.

158.

159.

160.

161.

162.

Schiffer, E.; Vlahou, A.; Petrolekas, A.; Stravodimos, K.; Tauber, R.; Geschwend, J.E.; Neuhaus, J.; Stolzenburg, J.-U.; Conaway,
M.R.; Mischak, H.; et al. Prediction of Muscle-invasive Bladder Cancer Using Urinary Proteomics. Clin. Cancer Res. 2009, 15,
4935-4943. [CrossRef] [PubMed]

Yu, S.; Cao, H.; Shen, B.; Feng, J. Tumor-derived exosomes in cancer progression and treatment failure. Oncotarget 2015, 6,
37151-37168. [CrossRef] [PubMed]

Lin, S.-Y;; Chang, C.-H.; Wu, H.-C,; Lin, C.-C.; Chang, K.-P; Yang, C.-R.; Huang, C.-P; Hsu, W.-H.; Chang, C.-T.; Chen, C.-J.
Proteome Profiling of Urinary Exosomes Identifies Alpha 1-Antitrypsin and H2B1K as Diagnostic and Prognostic Biomarkers for
Urothelial Carcinoma. Sci. Rep. 2016, 6, 34446. [CrossRef] [PubMed]

Silvers, C.R;; Liu, Y.R.; Wu, C.H.; Miyamoto, H.; Messing, E.M.; Lee, Y.F. Identification of extracellular vesicle-borne periostin as a
feature of muscle-invasive bladder cancer. Oncotarget 2016, 7, 23335-23345. [CrossRef] [PubMed]

Silvers, C.R.; Miyamoto, H.; Messing, E.M.; Netto, G.J.; Lee, Y.-F. Characterization of Urinary Extracellular Vesicle Proteins in
Muscle-Invasive Bladder Cancer. Oncotarget 2017, 8, 91199-91208. [CrossRef] [PubMed]

Jordaens, S.; Oeyen, E.; Willems, H.; Ameye, E; De Wachter, S.; Pauwels, P.; Mertens, I. Protein Biomarker Discovery Studies on
Urinary sEV Fractions Separated with UF-SEC for the First Diagnosis and Detection of Recurrence in Bladder Cancer Patients.
Biomolecules 2023, 13, 932. [CrossRef] [PubMed]

Wong, Y.N.S.; Joshi, K.; Khetrapal, P; Ismail, M.; Reading, J.L.; Sunderland, M.W.; Georgiou, A.; Furness, A.].S.; Ben Aissa, A.;
Ghorani, E.; et al. Urine-derived lymphocytes as a non-invasive measure of the bladder tumor immune microenvironment. J. Exp.
Med. 2018, 215, 2748-2759. [CrossRef]

Christensen, E.; Birkenkamp-Demtroder, K.; Nordentoft, I.; Hoyer, S.; van der Keur, K.; van Kessel, K.; Zwarthoff, E.; Agerbaek,
M.; Orntoft, T.F.; Jensen, ].B.; et al. Liquid Biopsy Analysis of FGFR3 and PIK3CA Hotspot Mutations for Disease Surveillance in
Bladder Cancer. Eur. Urol. 2017, 71, 961-969. [CrossRef] [PubMed]

Chou, R.; Buckley, D.; Fu, R.; Gore, J.L.; Gustafson, K.; Griffin, J.; Grusing, S.; Selph, S. Emerging Approaches to Diagnosis and
Treatment of Non—Muscle-Invasive Bladder Cancer; Report No.: 15[16]-EHCO017-EF.; Agency for Healthcare Research and Quality:
Rockville, MD, USA, 2015.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1158/1078-0432.CCR-09-0226
https://www.ncbi.nlm.nih.gov/pubmed/19602546
https://doi.org/10.18632/oncotarget.6022
https://www.ncbi.nlm.nih.gov/pubmed/26452221
https://doi.org/10.1038/srep34446
https://www.ncbi.nlm.nih.gov/pubmed/27686150
https://doi.org/10.18632/oncotarget.8024
https://www.ncbi.nlm.nih.gov/pubmed/26981774
https://doi.org/10.18632/oncotarget.20043
https://www.ncbi.nlm.nih.gov/pubmed/29207636
https://doi.org/10.3390/biom13060932
https://www.ncbi.nlm.nih.gov/pubmed/37371512
https://doi.org/10.1084/jem.20181003
https://doi.org/10.1016/j.eururo.2016.12.016
https://www.ncbi.nlm.nih.gov/pubmed/28069289

	Introduction 
	Materials and Methods 
	Tumor Heterogeneity in Advanced BC 
	Liquid Biopsy: A New Non-Invasive Monitoring Test in BC 
	Diagnostic Potential of Circulating Tumor Cells, Circulating Non-Coding RNAs (ncRNAs), and Cell-Free DNA 
	CTCs 
	Circulating Non-Coding RNAs (ncRNAs) 
	Circulating Tumor DNA (ctDNA) 

	Modern Biomarkers in BC: Metabolomics and Proteomics in Liquid Biopsy 

	Commercial Liquid Biopsy Kits for Bladder Cancer (BC) Screening and Follow-Up 
	Bladder Tumor Antigen Assay (BTA Test) 
	Nuclear Matrix Protein 22 (NMP22) 
	UroVysion 
	ImmunoCyt 
	New Biomarkers 

	Conclusions 
	References

