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Abstract: Bladder cancer (BC) is one of the most commonly diagnosed cancers in men
worldwide. Numerous treatments of BC are available, but it is noteworthy that BC patients
have heterogeneous responses to these treatments. Therefore, the prognostic markers,
which are associated with clinical outcomes, are vital for formulating BC treatment plan.
This review provides an overview of prognostic markers and their importance in early
diagnosis and recurrence of BC. Apart from that, this review discusses the application of
prognostic markers and their related population studies. A deeper understanding of these
prognostic markers and their prognostic value would aid in designing treatment strategies,
predicting response to treatment, and managing the clinical care for BC in future.
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1. Introduction

Prognosis is the forecast of patients’ future conditions and the outcome of a disease based
on the conditions at the time of determining prognosis. A positive prognosis indicates a
high possibility that the risk of disease will likely to reduce, while a negative prognosis
predicts the deterioration of disease condition that would result in a low survival rate of
patients. Therefore, the researchers, clinicians, and patients can be fully informed about
the likely course of the disease according to information about prognosis. This will help in
the arrangement of therapeutic interventions and management of clinical care to patientst'’.

Prognostic markers are biological characteristics that are objectively measured and evaluated
to predict a response to a therapeutic intervention among patients with the same characteristic
and outcome, such as recurrence of disease after primary treatment®. Prognostic markers could
predict the response to therapy, and the risk of metastasis and recurrence of bladder cancer (BC).
Furthermore, prognostic markers can distinguish patients with BC according to the risk level, so
as to formulate treatment strategies!™. Attributed by the advance in next-generation sequencing
and bioinformatic analyses, our understanding of molecular signatures and pathomechanisms
is becoming clearer. Hence, this inevitably refines the molecular characterization of prognostic
markers.

Cells, proteins, nucleic acids, and DNA methylation are the most reported prognostic
markers for BC. Cell-based prognostic markers mainly include circulating tumor cells (CTC)
Ml and exfoliated urothelial cells (EUC)P! which can be detected by CellSearch detection
systeml® and fluorescence in situ hybridization (FISH)™, respectively. Protein-based
prognostic markers mainly include survivin!, epidermal growth factor receptor (EGFR)
Pl granulocyte-macrophage colony-stimulating factor (GM-CSF)!'”, and interleukin (IL)-
20 which can be detected mainly by enzyme-linked immunosorbent assay (ELISA)!?
and chemiluminescence enzyme immunoassay (CLEIA)!L. On the other hand, nucleic

38

Cancer Plus | 2021, Volume 3, Issue 4



Zhang N, et al.

acid-based prognostic markers mainly include circulating
cell-free DNA (cfDNA)! and gene mutations!™! which
can be detected by real-time polymerase chain reaction
(RT-PCR)!'% and next-generation sequencing!'’l. The main
detection method of DNA methylation is methylation-
specific PCRU,

The prognostic markers of BC could be used to predict
relapse. For example, UroVysion™ is a BC detection kit
that applies multitarget FISH to detect aneuploidy for
chromosomes 3, 7, and 17, and deletion of locus 9p21. In a
multicenter, prospective study, Liem ef al. found that 10 of
18 BC patients with a positive FISH test 3 months following
transurethral resection of bladder tumor (TURBT) had
a 4.0-4.6 times greater risk of developing a recurrence
compared to patients with a negative FISH (7 of 48)[". To
investigate the relationship between CTC and outcomes
of BC patients, Soave et al. collected blood samples from
226 BC patients preoperatively and applied CellSearch®
system for CTC analysis. Using multivariable analysis, the
presence of CTC was associated with disease recurrence,
cancer-specific, and overall mortality in BC patients!t'”’.
Prognostic markers not only predict tumor recurrence but
also aid in treatment strategy design and clinical outcome
prediction. Recent literature suggested that high levels
of IL-2, IL-6, IL-8, IL-10, and tumor necrosis factor
(TNF)-o in urine correlated with the efficacy of bacillus
Calmette-Guerin (BCG) treatment in BC patients?’l. These
results demonstrated that urinary protein markers could
be applied in the prediction of treatment response of BC
patients. Thus, prognostic markers play a crucial role in the
treatment strategy design, clinical outcome prediction, and
clinical care management of BC patients.

This review will provide an overview of prognostic
markers and their importance in the regulation of BC.
Apart from that, we will discuss the relevant clinical
studies and systematic reviews to provide an understanding
of the performance of prognostic markers in aiding the
clinical management of BC. Furthermore, this review will
introduce some approaches in the detection and evaluation
of prognostic markers in BC patients. The identification of
potent prognostic markers will help in tailoring effective
treatment strategies, predicting clinical outcomes, and
improving clinical management of BC in future.

2. Cell-based prognostic markers and
detection methods for BC

2.1. Cell-based prognostic markers
2.1.1. CTC

CTC are the rare subsets of tumor cells that shed from
primary or secondary tumor lesions into blood circulation.
As the seed for metastases, CTC have similar antigenic
and genetic properties as primary tumor cells. Numerous
studies had shown that CTC are non-invasive and have
real-time potential prognostic value for BC. The presence

of CTC was highly associated with the faster recurrence
of BC. Since high risks of recurrence or progression of the
tumor can be determined through CTC screening, early
preventions and targeted treatment can be implemented?"!.

Rink et al. investigates the potential prognostic value
of CTC in patients with advanced non-metastatic bladder
urothelial carcinoma (UCB)®. The CellSearch system
was used to detect the presence of CTC in the blood
samples of 100 UCB patients who had undergone radical
cystectomy. The results showed that the risks of disease
recurrence, cancer specificity, and overall mortality were
significantly higher in CTC-positive patients. There was
a consistency between CTC, primary tumor, and lymph
node metastasis in all CTC-positive cases. To determine
whether the presence of CTC can improve the prognosis
of high-risk non-muscle invasive BC, Gazzaniga et al.
designed a single-center trial in which 102 patients who
met the requirements for urethral resection received BCG
intravesical adjuvant immunotherapy®?. The CellSearch
system was used to enumerate CTC derived from peripheral
blood. In CTC-positive patients, both predicted time to first
relapse and time to progression were reduced. Literature
reported that CTC can be replanted at the primary tumor
site and promote tumor growth and angiogenesis through
the release of cytokines which was highly associated with
local recurrence of tumor®!. Apart from that, CTC are
highly associated with micrometastases and progression of
BC, indicating that CTC have prognosis significance for
BC. These studies further emphasize the role of CTC as a
prognostic marker for tumor recurrence.

The application of CTC as a prognostic marker in BC
is limited due to certain factors. First, a robust detection
method with high sensitivity and specificity is required
for the detection of a minute number of CTC in peripheral
blood?¥. Lack of highly specific tumor markers which
distinguish tumor cells, inflammatory cells and other
non-tumor components in blood in CTC detections also
frequently leads to false-positive results. Furthermore,
CTC detection technologies possess some drawbacks. For
instance, the use of a quantitative PCR detection method is
prone to contamination due to technical errors, and thus,
only highly trained and experienced laboratory staff can
perform the screening. Due to the heterogeneity of BC and
other unknown factors, the CTC screening results could
be biased™. Although providing invaluable results, CTC
screening through the CellSearch system is costly because
of the antibodies used in CTC detection in the blood?!.
There is an urgent need to overcome these limitations
and develop a consistent, uniform, high sensitivity, and
high specificity CTC detection system, thereby providing
significant information on the prognosis of BC.

2.1.2. EUC

The diseased mucosal epithelial cells belong to the cells of
the naturally shed epithelium. Due to the direct anatomical
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relationship between the growth site of EUC and the
production of urine, the presence of tumor cells can be
preliminarily determined by examining the shed cells in
urine.

Bonberg et al. analyzed the correlation between
chromosomal copy number variation in urine shed cells and
the development of BC using FISHP!. The results showed
that the more accumulation of copy number variations in
chromosomes 3, 7, and 17 and 9p21 in urine shed cells, the
higher grade of BC. Bao et al. performed FISH on the urine
samples of 42 patients with recurrent BC who underwent
urethral resection and 24 patients with non-recurrent BC to
analyze the relationship between chromosomal karyotype
aberrations of EUC and recurrence of BC?"\. The results
showed that in the patients with grade 2 or 3 superficial
BC, the aneuploidy rate of chromosomes 17 of those with
recurrence was 64.3%, which was significantly higher
than patients without recurrence (22.2%). In addition,
the anecuploidy rates of chromosomes 7 and 17 in 14 of
42 cases of patient relapse that showed progression were
78.6% and 92.9%, respectively, which were significantly
higher than the remaining 28 patients without progression
(42.9% and 46.4%, respectively).

2.2. Detection methods for cell-based
prognostic markers

2.2.1. Cell search detection system

At present, the CellSearch detection system is the only
United States Food and Drug Administration-approved,
semi-automated CTC detection system. Despite the
capability in the enumeration and identification of CTC,
this detection system is limited by the lack of uniformity
in results acquisition due to the large heterogeneity of
CTC., Scientists have developed varieties of technologies
for improving the enrichment, isolation, and identification
of CTC based on their biological and physical properties.
At present, CTC are enumerated using the microfluidic
chip and nanotechnology systems®]. After isolation,
identification and analysis of CTC are carried out in
genomic profiling and cytogenetic analysisi?! that
require next-generation sequencing, proteomic profiling,
immunohistochemistry analysis, flow cytometry, and
RT-quantitative PCR expression studies. Pertaining to
their clinical significance, the potential use of CTC as
liquid biopsy should be underscored, and the use of CTC
detection systems would help facilitate cancer diagnosis,
prediction of response to therapy, the discovery of drug
targets besides proposing-3l,

2.2.2. FISH

FISH is an important non-radioactive in situ hybridization
technique. According to the principle of base pairing, the
probe with fluorescent substance is joined to the target
DNA so that position of the target DNA can be directly

observed. Liem er al. used UroVysion™ to perform a
FISH test on BC to assess whether FISH can be used to
identify early recurrence of BC during BCG treatment!”.
Bladder washouts from BC patients receiving BCG were
collected at 3 time points (t, = week 0, before BCG; t, =
6 weeks after TURBT; t, = 3 months after TURBT) for
FISH test. The results showed that 36 of 114 patients
(31.6%) relapsed after 6 months. There was no significant
association between positive FISH results and recurrence
of BC during time t; or t.. A positive FISH result at time
t, has a higher risk of recurrence, which was 4.0-4.6 times
higher than those with negative results. Kim et al. counted
CTC by immunofluorescence staining of vimentin and
cytokeratin, and cultured CTC in mesenchymal stem cell
growth medium for 16—18 days®!. The cultured CTC were
analyzed using UroVysion FISH. This method was used
to determine whether CTC in BC patients originated from
BC. The results showed that among 27 patients, 9 patients
had polysomy detected on chromosomes 3 and 7, and 16
patients had polysomy detected on chromosomes 3 and 17.
Among the patients with chromosomal gain, 17 met the
positive criteria for UroVysion FISH.

Cell-based prognostic markers hold promise for
determining the likely clinical course of BC. Compared
with tumor tissue samples, collection of blood samples is
easy and less invasive, and it can be performed repeatedly.
It is an ideal source for routine clinical testing. It is
important to note that the CTC test results cannot confirm
whether the patient’s tumor is located in the bladder, but
the examination of EUC can determine whether a tumor
is present in the patient’s urinary system. Examination
of EUC can achieve a rapid diagnosis and high detection
rate of cancer cells. However, the detection of EUC
may result in misdiagnosis of BC, and it is difficult to
determine the specific location of the tumor and make a
clear classification of cancer cells.

3. Protein
3.1. Protein-based prognostic markers
3.1.1. Survivin

Belonging to the member of the inhibitor of apoptosis
protein family, survivin is involved in the regulation of
mitosis in the cell cycle, inhibition of apoptosis, and
increase of cell proliferation®?!. Although rarely expressed
in normal tissues, survivin is highly expressed in tumor
tissues, as supported by the fact that inhibition of apoptosis
is the hallmark of cancer!*3l.

Jeon et al. analyzed the expression of survivin and its
effect on the prognosis of BC through a meta-analysis of
2165 muscle-invasive bladder tumors patients from 14
eligible articles®™. The hazard ratios (HR) for relapse-
free survival, progression-free survival, cancer-specific
survival, and overall survival (OS) were 1.81, 2.12, 2.01,
and 1.53, respectively. In addition, sensitivity analysis
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confirmed that when immunohistochemistry was used
to determine survivin expression, survivin can reliably
estimate the HR of recurrence-free survival (RFS),
progression-free survival, cancer-specific survival, and
OS. Senol et al. studied the expression of survivin in
147 patients with urothelial carcinoma (UC) and 113
non-muscle infiltrating UC (NMI-UC) by tissue chip
and immunohistochemistry®". The results showed that
the positive expression of survivin was closely related to
high T stage BC (= T2). During follow-up, BC recurrence
and progression were observed in 47.6% and 29.9% of
patients. The Kaplan—Meier analysis, coupled with a log-
rank test, showed that high expression of survivin was
significantly associated with low relapse-free survival rate
(63.1%), progression-free survival rate (63.1%), and OS
rate (63.1%). The RFS cycle and progression-free survival
cycle were 27.01 months, 40.85 months, and 42.64 months,
respectively. In the NMI-UC group, Cox regression analysis
showed that high survivin expression was associated with
tumor recurrence (HR = 3.876). Wang et al. analyzed
the expression of survivin in 138 patients undergoing
transurethral resection by immunohistochemistry®®*!.
Kaplan—-Meier method was used to estimate the RFS
curve, and Cox regression model was used to analyze
the relationship between survivin expression and clinical
factors. The results showed that survivin could be used
to determine the prognosis of NMIBC patients, and the
expression of survivin was inversely correlated with the
RFS.

3.1.2. EGFR

EGFR belongs to the ErbB family of receptor tyrosine
kinases, which plays a role in ligand stimulation and
activation of intracellular signaling cascades. These
pathways relay signals from the cell surface and intracellular
vesicle to nucleus, thereby regulating the expression of
genes responsible for cell proliferation, survival, and
differentiation. Mutation or overexpression of EGFR gene
has been observed in various human cancers. Therefore,
EGFR has become the target of various cancer therapies
in the clinic.

Di Maida ef al. extracted RNA from BC samples
and used it for gene expression analysis by RT-PCR to
determine the role of EGFR in predicting disease recurrence
and progression in non-muscle-invasive BCP!. The results
showed that patients with high EGFR expression had a
significantly lower RFS (27.9% vs. 58%), progression-
free survival (75.9% vs. 90.2%), and cancer-specific
survival (77.7% vs. 93.3%). Hashmi et al. performed
EGFR immunohistochemical analysis on 126 patients
with BC, and evaluated the relationship between EGFR
expression and tumor grade or disease recurrencel®”). The
results showed that EGFR expression was significantly
correlated with tumor grade; Kaplan—Meier curve showed
that EGFR expression was significantly correlated with

tumor recurrence, but there was no significant correlation
with the OS rate of patients. To guide individualized
clinical treatment and determine the risk of recurrence
of BC, Long ef al. measured the expression levels of
EGFR and Ki-67 in 320 patients with upper urinary tract
urothelial cancer™]. After intravesical chemotherapy, the
incidence rates of bladder upper urinary tract urothelial
cancer recurrence decreased greatly in patients with
negative EGFR staining. This suggested that EGFR-
negative patients were more sensitive to intravesical
instillation.

3.1.3. GM-CSF

GM-CSF is a hematopoietic growth factor, which has a
broad impact on the survival, activation, and differentiation
of myeloid populations, and participates in the regulation of
bone marrow cell maturation. GM-CSF is mainly produced
by activated leukocytes and exhibits a pro-inflammatory
phenotype in macrophages.

Jackson ef al. measured the soluble immune molecule
GM-CSF in the urine of 34 BC patients who received topical
BCG vaccine and analyzed the results using traditional
multivariate statistical methods and pattern recognition
methods!"”. The results showed that GM-CSF can be used
as a predictor of the clinical outcome before BCG treatment
in patients with superficial BC. To analyze the effects of
GM-CSF and programmed cell death protein-1 (PD-1)/
programmed death-ligand 1 (PD-L1) axis blockade on
standard neoadjuvant chemotherapy in BC, Miyake et al.
developed a syngeneic animal model of local recurrence
with murine BC cell line MBT2 cells”. Compared to
neoadjuvant GC chemotherapy, the addition of mouse
GM-CSF and anti-mouse PD-L1 antibody significantly
enhanced the anti-tumor effect and prolonged the RFS and
cancer-specific survival of tumor-bearing mice.

3.1.4.10L-2

IL-2 is a cytokine belonging to the chemokine family. IL-2
is mainly produced by activated T cells and can promote the
growth, proliferation, and differentiation of lymphocytes.
IL-2 can activate T cells and promote cytokine production.

Watanabe ef al. collected urine samples of 20 patients
with carcinoma of the bladder in situ who received BCG
intravesical instillation after different infusion times!'!l. All
samples were measured for cytokines using ELISA. The
results indicated that IL-2, IL-6, IL-8, IL-10, interferon-
gamma, and TNF-alpha were remarkably elevated in the
eighth instillation as compared to the first instillation.
The multivariate analysis showed that urinary IL-2 is an
independent prognostic marker of treatment effect. In
another study, 15 urine samples from BC patients receiving
BCG were collected and the expression of IL-2 was
measured by immunoassays™!!. The results showed that
12 of 15 patients responded to BCG and 3 of 15 patients
showed resistance to BCG. The expression of IL-2 was
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elevated in 10 of 12 urine samples from BCG-responsive
patients (83.3%). However, IL-2 was not observed in the
three urine samples from BCG-resistant patients. Taken
together, IL-2 is a potential predictor of BC patient’s
response to BCG therapy.

3.2. Detection methods for protein-based
prognostic markers

3.2.1. ELISA

ELISA refers to a method that binds soluble antigen or
antibody to a solid-phase carrier to form an antigen-
antibody complex for quantitative detection of the molecule
of interest. ELISA test on survivin in urine samples
obtained from 111 BC patients and 133 controls without
urinary system diseases revealed that survivin could be
applied in the detection of BC, especially advanced BC!2,
In addition, the combination of survivin ELISA and UBC®
Rapid could elevate the sensitivity and specificity. In
another study, the expression of survivin in the urine of
36 BC patients and 36 patients with benign diseases that
were analyzed by ELISA indicated that the sensitivity and
accuracy of detecting survivin by ELISA were 58.0% and
76.4%, respectively*?. Furthermore, an ELISA system
based on horseradish peroxidase-labeled survivin-specific
monoclonal antibodies were developed to detect survivin
expression in serum samples, urine samples, and cancer
tissues™!. The sensitivity and specificity of the method
were 76.2% and 88.6%, respectively. Although ELISA
assay could be applied in the detection of BC, it has defects
of insufficient specificity and accuracy, which warrant the
needs to combine this assay with other detection methods.

3.2.2. CLEIA

Yang et al. established CLEIA-based stepped magnetic
particles, which was used to detect survivin in urine
samples collected from 200 patients with BC and 114
healthy individuals!'l. The results showed that this method
can accurately detect survivin in urine with a detection
limit of 0.949 ng/ml. In another study, the expression
of survivin was detected in urine samples from 130 BC
patients and 113 healthy controls by microplate magnetic
chemiluminescence immunoassay™. The expression of
survivin in the urine was significantly higher in BC patients
than that in healthy controls. Furthermore, the detection
limit of this method is 0.83 ng/ml. When the concentration
of survivin was 2.0884 ng/ml, the sensitivity and specificity
were 86.9% and 61.9%, respectively.

3.2.3. Immunohistochemistry

Several studies showed that the combination of multiple BC
markers helps to improve the accuracy of BC prognostic
assessment. To determine whether p53, p21, pRB, p27,
Ki-67, and survivin can be used as prognostic markers
for BC, Wang et al. performed immunohistochemistry on

tissue microarrays using radical cystectomy specimen from
patients with UC], In addition, immunohistochemistry has
also been used to measure PTBP1 expression in patients with
primary non-muscle invasive BC (NMIBC), and the result
showed that PTBP1 expression was positively correlated
with NMIBC progression, which was inconsistent with [HC
staining results™*?. Furthermore, the enhanced expression of
PTBP1 was positively correlated with high rate of tumor
recurrence and decreased survival time of NMIBC patients,
which is an indicator of the poor prognosis of BC patients.

IL-2 and GM-CSF can be used to evaluate the clinical
outcome of patients with BC after receiving BCG treatment.
Survivin is tumor-specific and only expressed in tumor and
embryonic tissues. EGFR plays an important role in the
physiological processes of cell growth, proliferation, and
differentiation. Both survivin and EGFR can predict the
prognosis of BC patients. However, related results show
that EGFR and survivin are not specific and sensitive
enough as markers, respectively. It is advisable to consider
combining the two markers to analyze the prognosis of
patients with BC.

4. Nucleic acid
4.1. Nucleic acid-based prognostic markers
4.1.1. cfDNA

Circulating cfDNA can be found in peripheral blood
after being released from normal cells and/or tumor cells.
cfDNA derived from tumor cells is known as circulating
tumor DNA (ctDNA)®7. Researchers employed PCR to
examine ctDNA level in 640 patients with different types
of cancer, including pancreatic cancer, ovarian cancer,
colorectal cancer, BC, stomach cancer, breast cancer, and
liver cancer. The investigators found that ctDNA levels in
cancer patients were significantly higher than in normal
individualst**#! implying that ctDNA can be a potential
prognostic marker in cancer diagnosis.

Compared with a tissue biopsy, the detection of
cfDNA can easily reflect the genetic characteristics and
heterogeneity of BC. Xu ef al. calculated the ratios of
10GAP3/BMP4 and IQGAP3/FAM1074 in urine cfDNA
of 103 NMIBC patients using RT-PCR, and compared the
results with clinical data using Kaplan—-Meier curve and
Cox regression analysis to determine /QGAP3/BMP4 and
1QGAP3/FAM107A ratio in urine cfDNA and the prognosis
of BCH4, Kaplan—Meier analysis showed that NMIBC
patients with high /JQGAP3/BMP4 and IQGAP3/FAM107A
ratios had poor progression-free survival. Multivariate Cox
regression analysis showed that /QGAP3/BMP4 ratio was
associated with RFS (HR: 2.462) and progression-free
survival (HR: 3.871). In a study comprising 68 patients with
locally advanced BC, Christensen ef al. identified patient-
specific somatic mutations by whole-exome sequencing®”.
The ctDNAs derived from 656 plasma DNA samples of the
68 patients before and after cystectomy or chemotherapy
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were identified by ultra-deep sequencing. The presence of
ctDNA correlated with decreased RFS and OS time of BC
patients. Moreover, the overall recurrence rate of ctDNA-
positive patients was 76% (13 of 17 patients). However,
ctDNA-negative patients did not experience recurrence.
These results showed that ctDNA is a feasible prognostic
marker for relapse detection. For ctDNA-positive patients,
changes in ctDNA during chemotherapy were associated
with disease recurrence.

4.1.2. Genetic prognostic markers

Liu et al. used the cancer genome map to study the effect of
YWHAZ amplification on 7P53 mutation"™. The analysis
of 127 cases in the BC dataset from the Cancer Genome
Atlas showed that patients with 7P53 mutation amplified
by YWHAZ and patients with only 7P53 mutation showed
significantly longer OS and disease-free survival. Kuang
et al. determined the prognostic value of BRCA2 in BC
using data of BC patients from the Cancer Genome Atlas
databasel®!l. The results showed that the prognosis of the
BRCA2 mutant group was better than that of the non-
mutant group, and the P53 signaling pathway was highly
enriched in BRCA2.

4.2. Detection methods for nucleic acid-based
prognostic markers

4.2.1. RT-PCR

Brisuda ef al. measured the volume of urine in 66 patients
with BC and 34 controls and measured the concentration
of urine cfDNA by RT-PCRI', The results show that the
determination of the total amount of urine cfDNA can
distinguish the BC patients from controls with an area
under the receiver-operating characteristic (ROC) curve of
0.725, and the positive and negative predictive values of
the test are 90 and 45%, respectively.

4.2.2. FISH

Matsuyama et al. used FISH to test whether the copy
number alterations of chromosomes 3, 7, 9p21, and 17
could predict the outcome of 118 patients with NMIBCP?!,
The results of multivariate analysis showed that the copy
number alterations of chromosomes 3, 7, 9p21, and 17
were a prognostic factor for disease progression and the
percentage of 9p21 loss (>12%) was an independent
prognostic factor for recurrence. Thus, FISH analysis
using UroVysion is a sensitive and non-invasive method
to detect genetic alteration, which could be a powerful
tool for determining prognosis of BC, particularly for the
progression of NMIBC.

4.2.3. Next-generation sequencing (NGS)

Christensen et al. tested 65 plasma samples from patients
with BC using the targeted NGS method!"”. The test
identified 24 of the 38 mutations originally identified in

multiple plasma samples using digital droplet PCR. cfDNA
analysis of plasma samples continuously collected from
patients with BC showed that recurrence can be detected
earlier than radiography.

cfDNA is present in the peripheral blood of patients
and is an easily accessible and repeatable prognostic
marker. However, the detection of ¢cfDNA is expensive and
not conducive to clinical development. It is advisable to
perform analysis on a combination of multiple prognostic
genes. Since the prognostic gene combination has not yet
been determined, the judgment of the prognosis of patients
could be biased.

5. Methylation
5.1. DNA methylation as prognostic marker

Epigenetic modifications involve the heritable alteration in
the gene expression without affecting the change in DNA
sequencest®?l. One of the notable epigenetic modifications
is DNA methylation. This process involves the addition
of the methyl group on the DNA sequences through the
DNA methyltransferase. DNA methylation prevents rapid
cell proliferation and limits its expression capacityt*.
Moreover, it causes changes in DNA conformation, DNA
stability, chromatin structure, and DN A-protein interaction.
These activities aim to maintain normal homeostasis in the
human body and wide variety of biological activities™.

DNA hypermethylation is common in a variety
of malignant tumors, including BCPF®. Intriguingly,
hypermethylation occurs frequently at the promoter regions.
Consequently, this prevents the attachment of transcription
factors in the promoter region and silences the expression
of target genes. Normally, DNA hypermethylation in
cancer results in the elevation of oncogene expressions and
the repression of tumor suppressor genes?).

Meta-analysis showed that the methylation level of
RAS-related domain family 1A (RASSFIA) promoter
region is closely related to the prognosis of BC patients®®.
Furthermore, methylation-specific PCR analysis was
conducted to examine RASSF1A methylation in the tissue
samples collected from 301 patients. With the overall
detection rate of 33.6%, the methylation rate in muscle-
invasive BC (46.1%) was significantly higher than that
in NMIBC (25.8%), implying that RASSF14 methylation
plays a role in NMIBC recurrence. In addition, RASSF1A4
methylation was positively correlated with the stage and
grade of NMIBC. Apart from that, Kaplan-Meier survival
analysis revealed that RASSF 14 methylation was associated
with shorter time to tumor progression in recurrent NMIBC,
further supporting that RASSF 14 methylation can be used as
an independent risk factor to predict tumor progression®”.,
Therefore, RASSF1A4 methylation is generally considered a
potential prognostic marker for recurrent NMIBC.

Wang et al. tested the methylation of 118 patients with
urinary diseases and 30 volunteers (EOMES, GDFI15,
NID2, PCDHI17, POU4F2, TCF21l, and ZNF154), and
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determined a feasible BC prognostic factor combination
through the logistic regression model calculation®®. The
results showed that the sensitivity and specificity of the
POU4F2/PCDH 17 combination were 90.00% and 93.96%,
respectively. Renard et al. performed methylation-specific
PCR on DNA extracted from non-BC tissues and BC
tissues to evaluate gene methylation™!. The results showed
that TWISTI and NID2 from the urine samples collected
of BC patients were frequently methylated. The sensitivity
of this two-gene panel (90%) is significantly higher than
that of cytology (48%). The positive predictive value and
negative predictive value of the two-gene panel were 86%
and 95%, respectively.

5.2. DNA methylation detection method
5.2.1. Methylation-specific PCR

Wang et al. evaluated the relationship between BC and gene
methylation by performing methylation-specific PCR on
112 patients with BC and 10 controls!®.. The results showed
that there were significant differences in the methylation
status of pI4ARF, RUNX3, RARP, DAPK, and HPPI in
patients with BC and the control group. In addition, the
area under the ROC curve (area under curve [AUC]) of
the five genes was 0.936, and the sensitivity and specificity
were 98.21% and 88.89%, respectively. Bayramov et al.
performed methylation-specific PCR on samples from 65
patients with urothelial cancer and 35 controls to determine
the methylation profiles of CDHI and p/4ARF in tumor
and urine samples and found that 95.4% and 78.5% of BC
samples harbored the methylation of CDH/ and pl/4ARF,
respectively®. The methylation frequencies of CDHI
and p/4ARF in urine samples were 68.8% and 72.9%,
respectively. In addition, the sensitivity of methylation-
specific PCR to detect the methylation status of CDHI and
p14ARF (67.4% and 72.1%) was significantly higher than
that of urine cytology (34.9%).

5.2.2. Pyrosequencing

Van der Heijden ef al. analyzed the methylation status of
CDHI3, CFTR, NID2, SALL3, TMEFF2, TWISTI, and
VIM? using pyrosequencing and found that the AUC of the
trigene methylation classifier containing CFTR, SALL3,
and TWISTI was 0.8741°!1 In the validation series, the AUC
of the classifier was higher than cytology (0.741 vs. 0.696).
Combining the methylation classifier with the cytology
results, AUC of 0.86 was obtained in the validation set with
a sensitivity of 96% and positive and negative predictive
values were 56 and 92%, respectively.

6. Conclusions

This review focuses on the introduction of prognostic
markers of BC and their detection methods. The detection
of BC prognostic markers enables early diagnosis of BC
and provides patients with effective treatment options!®?.

Although many prognostic markers of BC have been
reported, many of them still could not be used for clinical
prognosis independently. Therefore, the prognostic
markers with the greatest value will provide the necessary
information for prognosis and clinical management of BC
in the future.

Acknowledgments

This work was supported by the Fundamental Research
Funds for the Central Universities (No. buctrc201910),
Beijing-Tianjin-Hebei Basic Research  Cooperation
Special Project (19JCZDJC65800(Z)) and the grant
from the Ministry of Science and Technology of China
(2010ZX09401-403).

Conflicts of interest

The authors declare no potential conflicts of interest.

Author contributions

C.L. and Z.Y. conceived the idea of this review. C.L., Z.Y.,
and N.Z. wrote the paper. F.Z., M.S. revised the paper.

References

1. Cartwright LA, Dumenci L, Siminoff LA, et al., 2014, Cancer
Patients’ Understanding of Prognostic Information. J Cancer
Educ,29:311-7. DOI: 10.1007/513187-013-0603-9.

2. Schmidt JF, Valentin N, Nielsen SL, 1989, The Clinical
Effect of Felodipine and Nifedipine in Raynaud”s
Phenomenon. Eur J Clin Pharmacol, 37:191-2. DOI:
10.1007/bf00558230.

3. Riley RD, Sauerbrei W, Altman DG, 2009, Prognostic
Markers in Cancer: The Evolution of Evidence from
Single Studies to Meta-analysis, and Beyond. Br J Cancer,
100:1219-29. DOI: 10.1038/sj.bjc.6604999.

4. Rink M, Chun FK, Dahlem R, et al., 2012, Prognostic Role
and HER?2 Expression of Circulating Tumor Cells in Peripheral
Blood of Patients Prior to Radical Cystectomy: A Prospective
Study. Eur Urol, 61:810-7.DOI: 10.1016/j.eururo.2012.01.017.

5. Bonberg N, Pesch B, Behrens T, et al., 2014, Chromosomal
Alterations in Exfoliated Urothelial Cells from Bladder Cancer
Cases and Healthy Men: A Prospective Screening Study. BMC
Cancer, 14:854. DOI: 10.1186/1471-2407-14-854.

6.  Andree KC, van Dalum G, Terstappen LW, 2016, Challenges
in Circulating Tumor Cell Detection by the CellSearch
System. Mol Oncol, 10:395-407. DOIL: 10.1016/.
molonc.2015.12.002.

7. Liem E, Baard J, Cauberg EC, et al., 2017, Fluorescence
In Situ Hybridization as Prognostic Predictor of Tumor
Recurrence during Treatment with Bacillus Calmette-

Guerin Therapy for Intermediate and High-risk Non-

44

Cancer Plus | 2021, Volume 3, Issue 4



Zhang N, et al.

muscle-invasive Bladder Cancer. Med Oncol, 34:172. DOI:
10.1007/s12032-017-1033-z.

Bladder Cancer Diagnosis using Urine Sediments and Novel
DNA Methylation Biomarker Panels. Clin Lab, 62:327-36.

8. Jeon C, Kim M, Kwak C, et al., 2013, Prognostic Role DOI: 10.7754/clin.1ab.2015.150602.
of Survivin in Bladder Cancer: A Systematic Review and 19. Soave A, Riethdorf S, Dahlem R, et al., 2017, A
Meta-analysis. PLoS One, 8:¢76719. DOI: 10.1371/journal. Nonrandomized, Prospective, Clinical Study on the Impact
pone.0076719. of Circulating Tumor Cells on Outcomes of Urothelial

9. Di Maida F, Mari A, Gesolfo CS, et al., 2019, Epidermal Carcinoma of the Bladder Patients Treated with Radical
Growth Factor Receptor (EGFR) Cell Expression During Cystectomy with or without Adjuvant Chemotherapy. Int J
Adjuvant Treatment After Transurethral Resection for Non- Cancer, 140:381-9. DOI: 10.1002/ijc.30445.
Muscle-Invasive Bladder Cancer: A New Potential Tool to 20. Chakraborty A, Dasari S, Long W, et al., 2019, Urine Protein
Identify Patients at Higher Risk of Disease Progression. Biomarkers for the Detection, Surveillance, and Treatment
Clin Genitourin Cancer, 17:¢751-8. DOI: 10.1016/]. Response Prediction of Bladder Cancer. 4m J Cancer Res,
clge.2019.04.008. 9:1104-17.

10.  Jackson AM, Ivshina AV, Senko O, et al., 1998, Prognosis of 21. Gazzaniga P, Gradilone A, de Berardinis E, et al., 2012,
Intravesical Bacillus Calmette-Guerin Therapy for Superficial Prognostic Value of Circulating Tumor Cells in Nonmuscle
Bladder Cancer by Immunological Urinary Measurements: Invasive Bladder Cancer: A CellSearch Analysis. Ann
Statistically Weighted Syndrome Analysis. J Urol, 159:1054— Oncol, 23:2352—6. DOI: 10.1093/annonc/mdr619.

63. DOI: 10.1016/s0022-5347(01)63835-7. 22. Gazzaniga P, de Berardinis E, Raimondi C, er al., 2014,

11. Watanabe E, Matsuyama H, Matsuda K, ez a/., 2003, Urinary Circulating Tumor Cells Detection has Independent
Interleukin-2 May Predict Clinical Outcome of Intravesical Prognostic Impact in High-risk Non-muscle Invasive Bladder
Bacillus Calmette-Guerin Immunotherapy for Carcinoma Cancer. Int J Cancer, 135:1978-82. DOI: 10.1002/ijc.28830.
In Situ of the Bladder. Cancer Immunol Immunother, 23. Pantel K, Brakenhoff RH, Brandt B, 2008, Detection,
52:481-6. DOI: 10.1007/s00262-003-0384-9. Clinical Relevance and Specific Biological Properties of

12. Gleichenhagen J, Arndt C, Casjens S, et al., 2018, Disseminating Tumour Cells. Nat Rev Cancer, 8:329—40.
Evaluation of a New Survivin ELISA and UBC((R)) Rapid DOI: 10.1038/nrc2375.
for the Detection of Bladder Cancer in Urine. Int J Mol Sci, 24. TsenglY, Yang CY, Liang SC, et al., 2014, Dynamic Changes
19:226. DOI: 10.3390/ijms19010226. in Numbers and Properties of Circulating Tumor Cells and

13. YangY, XuJ, Zhang Q, 2018, Detection of Urinary Survivin their Potential Applications. Cancers (Basel), 6:2369-86.
Using a Magnetic Particles-based Chemiluminescence 25. Agnoletto C, Corra F, Minotti L, ez al., 2019, Heterogeneity
Immunoassay for the Preliminary Diagnosis of Bladder Cancer in Circulating Tumor Cells: The Relevance of the Stem-
and Renal Cell Carcinoma Combined with LAPTM4B. Oncol Cell Subset. Cancers (Basel), 11:E483. DOI: 10.3390/
Lett, 15:7923-33. DOI: 10.3892/01.2018.8317. cancers11040483.

14. Xu Y, Kim YH, Jeong P, et al., 2019, Urinary Cell-Free 26. Shen Z, Wu A, Chen X, 2017, Current Detection
DNA IQGAP3/BMP4 Ratio as a Prognostic Marker for Technologies for Circulating Tumor Cells. Chem Soc Rev,
Non-Muscle-Invasive Bladder Cancer. Clin Genitourin 46:2038-56. DOI: 10.1039/c6¢s00803h.

Cancer, 17:¢704—-11. DOI: 10.1016/j.clgc.2019.04.001. 27. Bao QB, Liu J, Sun HB, et al., 2009, Clinical Value of

15. Liu S, WuY, Yang T, et al., 2016, Coexistence of YWHAZ Aneusomy of Chromosomes in Exfoliated Urothelial Cells
Amplification Predicts Better Prognosis in Muscle-invasive to Predict the Recurrence of Superficial Bladder Cancer
Bladder Cancer with CDKN2A or TP53 Loss. Oncotarget, After Complete Transurethral Resection. Zhonghua Yi Xue
7:34752-8. DOI: 10.18632/oncotarget.9158. Za Zhi, 89:548-51.

16. Brisuda A, Pazourkova E, Soukup V, et al., 2016, Urinary 28. Yang C, Xia BR, Jin WL, et al., 2019, Circulating Tumor
Cell-Free DNA Quantification as Non-Invasive Biomarker Cells in Precision Oncology: Clinical Applications in
in Patients with Bladder Cancer. Urol Int, 96:25-31. DOI: Liquid Biopsy and 3D Organoid Model. Cancer Cell Int,
10.1159/000438828. 19:341. DOI: 10.1186/512935-019-1067-8.

17. Christensen E, Nordentoft I, Vang S, et al., 2018, Optimized 29. De Rubis G, Rajeev, KS, Bebawy M, 2019, Liquid
Targeted Sequencing of Cell-free Plasma DNA from Biopsies in Cancer Diagnosis, Monitoring, and Prognosis.
Bladder Cancer Patients. Sci Rep, 8:1917. Trends Pharmacol Sci, 40:172-86. DOI: 10.1016/j.

18. Wang K, Tian Y, Xu H, 2016, Improved Noninvasive tips.2019.01.006.

Cancer Plus | 2021, Volume 3, Issue 4 45



Zhang N, et al.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Heitzer E, Perakis S, Geigl JB, et al., 2017, The Potential
of Liquid Biopsies for the Early Detection of Cancer. NP.J
Precis Oncol, 1:36. DOI: 10.1038/s41698-017-0039-5.
Kim TJ, Moon HW, Kang S, et al., 2019, Urovysion FISH
Could Be Effective and Useful Method to Confirm the
Identity of Cultured Circulating Tumor Cells from Bladder
Cancer Patients. J Cancer, 10:3259-66. DOI: 10.7150/
jca.30079.

Garg H, Suri P, Gupta JC, et al., 2016, Survivin: A Unique
Target for Tumor Therapy. Cancer Cell Int, 16:49.
Hanahan D, Weinberg RA, 2011, Hallmarks of Cancer:
The Next Generation. Cell, 144:646-74. DOI: 10.1016/].
cell.2011.02.013.

Senol S, Yildirim A, Ceyran B, et al., 2015, Prognostic
Significance of Survivin, Beta-catenin and p53 Expression
in Urothelial Carcinoma. Bosn J Basic Med Sci, 15:7-14.
DOI: 10.17305/bjbms.2015.556.

Wang J, Zhang X, Wei P, et al., 2014, Livin, Survivin and
Caspase 3 as Early Recurrence Markers in Non-muscle-
invasive Bladder Cancer. World J Urol, 32:1477-84. DOI:
10.1007/s00345-014-1246-0.

Sigismund S, Avanzato D, Lanzetti L, 2018, Emerging
Functions of the EGFR in Cancer. Mol Oncol, 12:3-20.
DOI: 10.1002/1878-0261.12155.

Hashmi AA, Hussain ZF, Irfan M, et al., 2018, Prognostic
Significance of Epidermal Growth Factor Receptor (EGFR)
Over Expression in Urothelial Carcinoma of Urinary
Bladder. BMC Urol, 18:59. DOI: 10.1186/s12894-018-
0373-0.

Long X, Zu X, LiY, et al., 2016, Epidermal Growth Factor
Receptor and Ki-67 as Predictive Biomarkers Identify
Patients Who Will Be More Sensitive to Intravesical
Instillations for the Prevention of Bladder Cancer
Recurrence after Radical Nephroureterectomy. PLoS One,
11:¢0166884. DOI: 10.1371/journal.pone.0166884.
Ushach I, Zlotnik A, 2016, Biological role of Granulocyte
Macrophage Colony-stimulating Factor (GM-CSF) and
Macrophage Colony-stimulating Factor (M-CSF) on Cells
of the Myeloid Lineage. J Leukoc Biol, 100:481-9. DOI:
10.1189/j1b.3ru0316-144r.

Miyake M, Hori S, Ohnishi S, et al., 2019, Supplementary
Granulocyte Macrophage Colony-stimulating Factor
to Chemotherapy and Programmed Death-ligand 1
Blockade Decreases Local Recurrence after Surgery in
Bladder Cancer. Cancer Sci, 110:3315-27. DOI: 10.1111/
cas.14158.

Sanchez-Carbayo M, Urrutia M, Romani R, et al., 2001,
Serial Urinary IL-2, IL-6, IL-8, TNFalpha, UBC, CYFRA

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

21-1 and NMP22 during Follow-up of Patients with
Bladder Cancer Receiving Intravesical BCG. Anticancer
Res, 21:3041-7. DOI: 10.1016/s0022-5347(05)66328-8.
Xu X, Li P, Fu D, et al., 2018, Combined Use of Urinary
Survivin Detection and Liquid-based Cytology for the Early
Diagnosis of Bladder Urothelial Carcinoma. Oncol Lett,
15:7739-43. DOIL: 10.3892/01.2018.8326.

Chen D, Xu J, Zhang Q, 2018, Detection of Survivin
Expression in Bladder Cancer and Renal Cell Carcinoma
Using Specific Monoclonal Antibodies.
39:2817-28. DOI: 10.3892/0r.2018.6359.
Chang Y, Xu J, Zhang Q, 2017, Microplate Magnetic
Chemiluminescence Immunoassay for Detecting Urinary
Survivin in Bladder Cancer. Oncol Lett, 14:4043-52. DOI:
10.3892/01.2017.6675.

Wang LC, Xylinas E, Kent Mt, et al., 2014, Combining

Smoking Information and Molecular Markers Improves

Oncol  Rep,

Prognostication in Patients with Urothelial Carcinoma of
the Bladder. Urol Oncol, 32:433-40.

Bielli P, Panzeri V, Lattanzio R, et al., 2018, The Splicing
Factor PTBP1 Promotes Expression of Oncogenic Splice
Variants and Predicts Poor Prognosis in Patients with
Non-muscle-Invasive Bladder Cancer. Clin Cancer Res,
24:5422-32. DOI: 10.1158/1078-0432.ccr-17-3850.
Abbosh PH, Rosenberg JE, Plimack ER, 2016, Circulating
Biomarkers to Guide Systemic Therapy for Urothelial
Carcinoma. Urol Oncol, 34:502-9.

Bettegowda C, Sausen M, Leary RJ, et al., 2014, Detection
of Circulating Tumor DNA in Early and Late-stage Human
Malignancies. Sci Transl Med, 6:ra224. DOI: 10.1016/.
urolonc.2016.08.019.

Dawson SJ, Tsui DW, Murtaza M, et al., 2013, Analysis
of Circulating Tumor DNA to Monitor Metastatic Breast
Cancer. N Engl J Med, 368:1199-209.

Christensen E, Birkenkamp-Demtroder K, Sethi H, et al.,
2019, Early Detection of Metastatic Relapse and Monitoring
of Therapeutic Efficacy by Ultra-Deep Sequencing of
Plasma Cell-Free DNA in Patients With Urothelial Bladder
Carcinoma. J Clin Oncol, 37:1547-57. DOI: 10.1158/1538-
7445.am2019-913.

Kuang S, Li H, Feng J, et al., 2019, Correlation of BRCA2
Gene Mutation and Prognosis as Well as Variant Genes
in Invasive Urothelial Carcinoma of the Bladder. Cancer
Biomark, 25:203-12. DOI: 10.3233/cbm-182379.
Matsuyama H, lkemoto K, Eguchi S, et al., 2014, Copy
Number Aberrations Using Multicolour Fluorescence In
Situ Hybridization (FISH) for Prognostication in Non-
muscle-invasive Bladder Cancer (NIMBC). BJU Int,

46

Cancer Plus | 2021, Volume 3, Issue 4



Zhang N, et al.

53.

54.

55.

56.

57.

58.

113:662-7. DOI: 10.1111/bju.12232.

Sharma S, Kelly TK, Jones PA, 2010, Epigenetics in Cancer.
Carcinogenesis, 31:27-36.

Laird PW, 2005, Cancer epigenetics. Hum Mol Genet, 14:
R65-76.

Negraes PD, Favaro FP, Camargo JL, et al., 2008, DNA
Methylation Patterns in Bladder Cancer and Washing Cell
Sediments: A Perspective for Tumor Recurrence Detection.
BMC Cancer, 8:238. DOI: 10.1186/1471-2407-8-238.

Gao T, Wang S, He B, er al., 2012, The Association of
RAS Association Domain Family ProteinlA (RASSF1A)
Methylation States and Bladder Cancer Risk: A Systematic
Review and Meta-analysis. PLoS One, 7:¢48300. DOI:
10.1371/journal.pone.0048300.
KimJS,ChaeY,HaYS,etal.,2012, Ras Association Domain
Family 1A: A Promising Prognostic Marker in Recurrent
Nonmuscle Invasive Bladder Cancer. Clin Genitourin
Cancer, 10:114-20. DOI: 10.1016/j.clgec.2011.12.003.
Wang Y, Yu Y, Ye R, et al., 2016, An Epigenetic Biomarker
Combination of PCDH17 and POU4F2 Detects Bladder
Cancer Accurately by Methylation Analyses of Urine
Sediment DNA in Han Chinese. Oncotarget, 7: 2754-64.

59.

60.

61.

62.

DOI: 10.18632/oncotarget.6666.

Renard I, Joniau S, van Cleynenbreugel B, ef al., 2010,
Identification and Validation of the Methylated TWIST1
and NID2

specific Polymerase Chain Reaction Assays for the

Genes through Real-time Methylation-
Noninvasive Detection of Primary Bladder Cancer in
Urine Samples. Eur Urol, 58:96-104. DOI: 10.1016/j.
eururo.2009.07.041.

Bayramov B, Gunes S, Buyukalpelli R, et al., 2018,
Promoter Methylation Analysis of CDH1 and pl4ARF
Genes in Patients with Urothelial Bladder Cancer. Onco
Targets Ther, 11:4189-96. DOI: 10.2147/ott.s158259.

van der Heijden AG, Mengual L, Ingelmo-Torres M, et al.,
2018, Urine Cell-based DNA Methylation Classifier for
Monitoring Bladder Cancer. Clin Epigenetics, 10:71. DOI:
10.1016/s1569-9056(18)31829-3.

Szarvas T, Nyirady P, Ogawa O, et al., 2018, Urinary
Protein Markers for the Detection and Prognostication of
Urothelial Carcinoma. Methods Mol Biol, 1655:251-73.
DOI: 10.1007/978-1-4939-7234-0 19.

Cancer Plus | 2021, Volume 3, Issue 4

47



