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Simple Summary: Bladder cancer (BC) is the tenth most common cancer worldwide, with approxi-
matively 550,000 new cases and 200,000 deaths in 2018. BC is divided into two subgroups: non-muscle
invasive bladder cancer, an early stage of the cancer, and muscle invasive bladder cancer, which
is more aggressive. The crucial issue today is to be able to detect BC easily and early, with high
sensitivity and specificity, in order to treat it sooner, using less invasive methods. Over the past
decade, progress has been made to improve detection methods using novel urinary biomarkers. In
this review, we discuss the present and future of noninvasive urine tests to diagnose or detect the
recurrence of bladder cancer.

Abstract: Liquid biopsies are increasingly used for the diagnosis and follow-up of cancer patients.
Urine is a body fluid that can be used to detect cancers and others diseases. It is noninvasive and
easy to collect. To detect Bladder Cancer (BC), cytology is the first assay used. It is an effective
way to detect high grade BC but has a high rate of equivocal results, especially for low grade
BC. Furthermore, cystoscopy is used to confirm cytology results and to determine cancer status.
Cystoscopy is also effective but highly invasive, and not well accepted by patients, especially for BC
follow-up. In this review we survey the numerous assays recently developed in order to diagnose
BC at an early stage, and to facilitate the follow-up of patients. We discuss their effectiveness, ease of
use, and applications. Finally, we discuss assays that, in the future, could improve the diagnosis and
management of BC patients.

Keywords: bladder cancer; diagnostic; non-invasive; liquid biopsy; cytology; urine

1. Introduction

Bladder cancer (BC) is the tenth most common cancer worldwide, with approxima-
tively 550,000 new cases and 200,000 deaths in 2018. The incidence is 9.6 and 2.4 per 100,000
in males and females, respectively. In France, 12,000 new cases were diagnosed in 2012,
and it is the seventh most common cancer [1]. It is the most expensive cancer to treat in
Europe [2]. Seventy to eighty five percent of BCs are urothelial carcinoma (UC), commonly
termed non-muscle invasive bladder cancer (NMIBC) [3]. Squamous, adenocarcinoma,
and small cell carcinoma are less common, and are associated with an advanced stage and
higher mortality than NMIBC. NMIBC is an early stage of cancer and is classified as stage
Ta to T1; it is only found in the first layer (urothelium) and the second layer (lamina propria)
of the bladder (Figure 1). Muscle Invasive Bladder Cancers (MIBC) are classified as T2 to
T4, and are only found in the third layer of the bladder (muscularis propria) (Figure 1). The
staging of BC is determined by the TNM system [4].
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Figure 1. Genetical and physiological evolution of bladder cancer (BC). CIS: carcinoma in situ: “flat tumor”; T;: noninvasive
papillary carcinoma; T1: tumor invades subepithelial connective tissue; T2,: tumor invades superficial muscularis propria
(inner half); T2;: tumor invades deep muscularis propria (outer half); T3;: tumor invades surrounding fat/tissues micro-
scopically; T3;: tumor invades surrounding fat/tissues macroscopically; T4,: tumor invades prostatic stroma, uterus, vagina;

T4y,: tumor invades pelvic wall, abdominal wall. PUNLMP = papillary urothelial neoplasm of low malignant potential.

The best-known risk factor for BC development is tobacco smoking. Smoking is
responsible for approximately two-thirds of BCs in men and one-third in women [5]. The
second most common risk is exposure to specific chemical products. These products are
especially present in paint, plastic, printing, textile, or rubber industries (e.g., aromatic
amines, polycyclic aromatic hydrocarbons). The five-year survival rate for low grade
NMIBC is 96%, dropping to 35% for MBIC and 5% for metastatic MBIC. With current
diagnostic techniques, only 10% of low grade NMIBC are detected, due to the difficulty
of differentiating low grade cancerous cells from healthy cells. In recent years, many
biomarkers for detecting, in particular, low-grade BC have been described and used to
develop new diagnostic tests (Table 1).

The first step to detect BC is the presence of a painless visible hematuria [5], the most
common symptom in BC, followed by irritative urinary symptoms. These symptoms could
also be due to other diseases, such as renal cancer, prostate cancer, interstitial cystitis,
renal calculi, benign prostatic hyperplasia, and trauma [6]. Different tests can be used at
this point in order to find out the cause of these symptoms. In the case of BC suspicion,
several tests exist (Figure 2). One of them is urine cytology. It consists of a microscopic
observation of the cells present in the urine of the patient after Papanicolaou staining. The
samples are analyzed by the pathologist according to the Paris System guidelines [7]. Urine
cytology is an easy assay to perform, and it has a sensitivity of 37% (95% CI 35-39%) and
a specificity of 95% (95% CI 94-95%). It has good results for the detection of high-grade
tumors. Moreover, it is a low-cost method. However, the real issue with this test is its low
sensitivity for low-grade lesions and its high rate of equivocal results [8]. Therefore, it is
always used in combination with cystoscopy to confirm the diagnostic.
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Table 1. Genes altered in BC and used to develop urine-based diagnostic tests.

Pathway Altered Genes Denomination Activity Fonction Status in Bladder Altera.tlons Consequences Publications
Cancer in BC/Remarks
Part of Involved in Point mutation
ERCC2 (XPD) ERCC Excision transcriptional transcription-coupled Muations leading to accumulation. Kim et al., 2016
Repair 2 initiation factor nucleotide excision inactivation Vulnerability to cisplatin Liu et al., 2016
(TFIIH) repair chemotherapy.
Initiates DNA damage
. . . . . checkpoint activations . .
DNA damage  ATM Ataxia teangiectasia - Serine/threonine 1, ing o collycle 1 expression level Heetal, 2017
signaling and p arrest, DNA repair or Mutations accumulation.
repair apoptosis Promotes proliferation.
Retinoblastoma- Radiotherapy resistance.
RB1 associated tumor suppressor Key cell division Mutations Yin et al., 2018
protein regulator
glf{cﬁioe%:ﬁm B Mutations accumulation in Glaser et al., 2018
APOBEC enzvme catalg tic Cytidine deaminase = Regulatory protein High expression level DNA damage response and  Jarvis et al., 2018
pol;pep/ti de-li}Le chromatin regulatory genes  Shi et al., 2019
Histone-lysine Histone H3 lysine 4 E'ssentlal for. cell . . . Sun et al., 2019
differenctiation, cell fate  Loss of function or Increase proliferative and .
KMT2D (MLL4) N-methyltransferase = mono- reculation. metabolism misreculation mieratory abiliti Ding et al., 2019
2D methyltransferase 5 ! . & tgratory abiities Hou et al., 2019
and tumor suppression
L Promotes M2 macrophages Hurst et al., 2017
Lysine-specific Transeriptional Mutations polarization increasing Nickerson et al., 2014
KDMB6A (UTX) d Specific demethylase  regulation at promoters . . "
Chromatin emethylase 6A and enhancers Loss of function cancer stem cells via Kaneko et al., 2018
modifying cytokines Kobatake et al., 2020
AT-rich interactive Part of SWI/SNF Essent1.a ! for I . Involved in granting BC Balba.s-
ARID1A domain-containin familv. Heli d transcriptional activation =~ Mutations st s th bili Martinez et al., 2013
g amily, Helicase an ¢ 1 L £ functi non-stem cells the capability Li 1 2016
rotein 1A ATPase activities of genes hormaty 0ss ot function of self-renewal Letal,
P repressed by chromatin ’ Yang et al., 2016
Involved in
. . . Nickerson et al., 2014
BAP1 BRCA.J associated Deubiquitinase transctip tlon—c.ogpled Mutations . BRCA pathway alteration Lin et al., 2017
protein-1 nucleotide excision Loss of function Tech et al.. 2020

repair
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Table 1. Cont.

Pathway Altered Genes Denomination Activity Fonction Status in Bladder Altera}tlons Consequences Publications
Cancer in BC/Remarks
GTP-binding iriwr?irfj 1‘1;:1 ET;ZCL:S "% Muations Hyperproliferative
KRAS/HRAS/NRAS proteins part of B¢ °8 . Gain of function yperp . Wu et al., 2015
proliferation, survival . development disorders
RTK/Ras pathway . - Loss of function
and differenciation
The cancer genome
] atlas research
Fibroblast growth Part of the fibroblast . MutationsGain of Common feature of network, 2014
FGFR3 growth factor Involved in bone growth .
factor receptor 3 receptor famil expression low-grade BC Akanksha and
P y Sandhya, 2019
Wu et al., 2015
Phosphatidylinositol Mutations
PIK3CA/Akt/ 3 ki- Intracellular Involved in cell cycle . . Involved in tumor growth Ching and Hansel,
e ) . Gain of function . .
mTOR nase/Akt/mechanistic signaling pathway regulation . and angiogenesis 2010
. Loss of function
target of rapamycin
) ) TSC1 inhibits Hsp90 .
Signaling Tuberous sclerosis activity and regulates . Hornigold et al,, 1999
pathways TSC1/Hsp90 1/Heat shock protein Co-chaperone and mTORC1 Chr9 deletion Woodford et al., 2019
p P chaperone proteins . Loss of function Knowles et al., 2003
90 Hsp90 help for protein
. Guo et al., 2013
folding
Cell surface protein Involved in cell Promotes proliferation,
UPK1B Uroplakin 1B mediating signal development, activation =~ Upregulation invasion and migartion of Wang et al., 2018
transduction and growth cancerous cells
Insulin-like growth . .
o . Transports IGF1 (Insulin . Liang et al., 2013
IGFBP5 factor.-bmdmg Transport protein like growth factor 1) Overexpression Neuzillet et al., 2017
protein 5
Erythroblastic Memeber .Of the . Linked to development and  Groenendijk et al.,
human epidermal promotes cell Mutations -
ERBB2 oncogene-B2 receptor rowth factor roliferation Overexpression progression of cancers, 2015
tyrosine kinase 2 & . p P metastasis Yoshida et al., 2019
receptor family
. . Important for BC
. . . Plays a role during late Methylation status Fantony et al., 2015
NID2 Nidogen-2 Basal lamina protein embryonic development  change development but Fantony et al., 2017

mechanism not clear yet
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Table 1. Cont.

Pathway Altered Genes Denomination Activity Fonction Status in Bladder Altera}tlons Consequences Publications
Cancer in BC/Remarks
Gangwar and Devi
Murine double C . Responsible for p53 Mutations Mittal, 2010
MDM2 minute 2 E3 ubiquitin ligase regulation SNP at position 309 Xie et al., 2015
Horikawa et al., 2008
POSt_l onal CDKI1 Cyclin-dependent Serine/threonine ie};ﬂlgzlirbm ;lellclwcv}irflle Overexpression Promotes proliferation, Tian et al., 2018
trans. :fltlopa kinase 1 kinase & y . & p invasion and self-renewal Heo et al., 2020
modification cell cycle progression
Induces centrosome
Serine /threonine Important for cell amplification, chromosome Park et al., 2008
AURKA Aurora kinase A - b . Overexpression missegregation, aneuploidy =~ Mobley et al., 2017
kinase proliferation .
and stimulates cell Guo et al., 2018
proliferation and invasion
Important for Important for BC
EOMES Eomesodermin Transcription factor development and Hypermethylation development but Reinert et al., 2012
immunity mechanism not clear yet
. Involved in Important for BC .
HOXA9 Homeobox protein Transcription factor hematopoiesis and Hyper or . development but K%m et al, 2013
Hox-9 Hypomethylation . Kitchen et al., 2015
development mechanism not clear yet
. . L Important for BC .
POU domain, class 4, .. Involved in maintaining ~ Hyper or Reinert et al., 2012
POU4F2 oL Transcription factor . . development but
transcription factor 2 visual system neurons Hypomethylation . Wang et al., 2015
- mechanism not clear yet
Transcription
factor Deleted or silenced Kim et al., 2005
Runt-related . modulfi\te 'the . due to Wilff et al., 2008
RUNX3 L. Transcription factor transcription of their .
transcription factor 3 taroet cenes hypermethylation or Zhang et al., 2008
get s mutations Yan et al., 2012
Involved in cell cycle Ilili)r;‘fi;trf—t al, 2010
TP53 Tumor protein 53 Transcription factor ;i%u;atéor;,ozgtophagy Mutations Censits et al., 2019
pop Horikawa et al., 2008
Telomeras reverse Promoter for a . .
. Mutations Batista et al., 2020
TERTp transcriptase RNA-dependent Lengthens telomeres Loss of function Nickerson et al., 2014

promoter

telomerase
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Table 1. Cont.

Pathway Altered Genes Denomination Activity Fonction Status in Bladder Altera}tlons Consequences Publications
Cancer in BC/Remarks
Growth promoting
hormone indispensable .
Insulin-like growth during gestation Overexpression Important for BC Byun et al., 2007
IGEF2 Hormone ) Hyper or development but
factor 2 Involved in . . Chen et al., 2013
carbohydrates Hypomethylation mechanism not clear yet
Growth factor metabolism
calcium-dependent Involved in cellular Important for BC Munkseaard et al
ANXA10 Annexin 10 phospholipid growth and in signal Lower expression development but 2011 & v
binding transduction mechanism not clear yet
neurite Basic Involved in cell Involved in cell proliferation, Hunter et al, 2000
NEGF2 growth-promoting heparin-binding proliferation, cell Overexpression cell migration and Sakamoto et al., 2012
factor 2 growth factor migration and survival angiogenesis Jones et al., 2014
CB;::SEZ ecific nuclear matrix increases the levels of Promote tumor cell
BLCA1/BLCA4 nuclear II;a trix rotein IL-1x, IL-8 and expressed only un BC  proliferation, survival and Schawlb et al., 1993
protein p thrombomodulin angiogenesis
19A211 tumor- specific product of Fradet et al,, 1990
Bladder cancer . carcinoembryonic endodermally- . Absent form Lower risk of tumor v
i associated antiven derived cell adhesion urothelial cells recurrence Bergeron et al., 1996
antigen antigen: CEA & neoplasms Tétu et al. 2005
IIE/IDg)gll 8?;1 cell signaling, cell aberrant regulation
. . . adhesions, of mucin gene . . . Bergeron et al., 1996
tumor- mucin antigen of the  high molecular differentiation of expression or aber- Aggressive biological Moniaux et al.. 2001
associated urinary bladder weight glycoproteins o P - behavior S
antivens: epithelial cells and rantglycosylation of Rachagani et al., 2009
M A%B ’ immune response the gene product
HA Hvaluronic acid Nonsulfated Component of tissue Absent form Lokeshwar et al.,
y glycosaminoglycan matrix and tissue fluids urothelial cells 2000
Extracellular Human complement  Member of the
compartement hCFHrp factor H—relafe d complement factor H  Regulates factor H Absent form Promote growth and host Kinders et al., 1998

protein

family

urothelial cells

immune system escaping

Raitanen et al., 2001
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Table 1. Cont.

Pathway Altered Genes Denomination Activity Fonction Status in Bladder Altera}tlons Consequences Publications
Cancer in BC/Remarks
Lewis X
antigen/Sialyl cell-to-cell recognition Mourant et al., 1946
LewisX surface glycan/Blood & Absent form Leukocyte adhesion . 7
CD15s (sLeX)/stage-specific roup antigen processes and urothelial cells deficienc Itzkowitz et al,, 1986
. & P group g fettilization y Pode et al., 1998
embryonic antigen 1
(SSEA-1)
Fibrin/Fibrinogen Fibrin/Fibrinogen If)l:felilrsl’ non-globular clotting of blood overexpression Schmetter et al., 1997
. - Communication between
lipid proteins, nucleic acids, tumor cells and stromal cells
. p .. lipids, metabolites, and . Lin et al., 2016
EVs Extracellular vesicles  bilayer-delimited and local tumor progression, .
. even organelles transport . Silvers et al., 2017
particles metastatic spread and the
from the parent cell .
emergence of drug resistance
Aberrant differentiation in
Cell structure K Cytokeratins Iptermedmte . Helps tc? resist to Overexpression the process o.f urothelial B]"orklund etal., 1957
filament proteins mechanical stress carcinogenesis and poor Liining et al., 1980
prognosis
Ngclgar Nuclear matrix . Important role in mitosis . NMP22 is released from cells Mlyanaga etal, 1999
mitotic NMP22 rotein 22 nulcear protein reeulation Overexpression durine apoptosis Bibbo et al., 2008
apparatus p & & apop Balci et al., 2015
. Baculovirus IAP Member of the . Ambrosml etal, 1997
Apoptosis .. S . Important only during . . Lietal, 1998
R BIRC5 repeat-containing inhibitor of apoptosis Overexpression cell survive .
inhibitor rotein 5 or Survivin rotein (IAP) fetal development Lietal., 1999
p orou P Altieri et al., 1999
. Increases proliferation,
Nuclear KPNA2 Karyopherin alpha 2 Member Of the . Invo%ved. neargoe. Overexpression migration and invasion Shi et al., 2020
import/export karyopherin family localization regulation

ability
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Figure 2. The different ways of detection, diagnosis, treatment, and follow-up of BC, depending on the clinical situa-

tion. ————: Classical routine used by the clinicians nowadays; — — — — — : new methods that can be used by the
clinicians nowadays.

Cystoscopy is the gold standard for the detection of BC. It gives information about the
number, localization, aspect and size of the tumor(s). It is systematically performed when
there is a suspicion of BC with urine cytology [9]. This method has a sound sensitivity
(68.3 to 100%) but can give false negative result (due to operator error or the difficulty of
finding the tumor because of its small size at the carcinoma in situ stage). It also has a good
specificity (57 to 97%) [10]. Cystoscopy is an endoscopic procedure used to look inside
the bladder. It is an invasive assay and causes patient discomfort, possible urinary tract
infection, and anxiety [10-13].

A disadvantage of these two tests is their low efficiency for detecting BC at an early
stage. Indeed, the detection of early stage BC is a real issue nowadays. Early detection
gives the patients a greater probability of being cured from BC and is cheaper to treat.
Indeed, BC is an expensive cancer to treat and to survey in comparison with other cancers.
Its cost fluctuates between USD 47,500 for distant BC to USD 14,300 during the 1st year
after diagnosis, and can reach more than USD 172,000 for a long-term survivor [14]. Over
the past years, many new tests have been developed in order to detect BC earlier than with
current cytology and cystoscopy, and to improve the specificity of BC diagnosis. The aim
of this review is to present BC diagnostic tests that are available and are being developed
at the moment. The specificity and sensitivity of each test will be compared to cytology
and cystoscopy results, and every positive or negative aspect will be highlighted to have
a clear vision of what their use could bring to the field (the summarized information has
been compiled in Supplementary Table S1).

2. Urine Protein-Based Assays

Lots of studies are being conducted to improve the diagnostic accuracy of urinary
tests, both to create an alternative to urinary cytology and cystoscopy and to improve
patients’ follow-up. Numerous biomarkers have been found and some of these underwent
clinical validation and approval. Urine has lots of advantages for biomarker detection. It
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is noninvasive, easy to handle, and more than one biomarker can be investigated at the
same time. Indeed, lots of proteins or RNAs present in the urine already serve as markers
of cellular dysfunctionality [15,16].

2.1. FDA-Approved
2.1.1. BTA-TRAK™ and BTA-STAT™

BTA-TRAK™ and BTA-STAT™ are dosages of the Bladder tumor antigen (BTA), which
is the human complement factor H-related protein (hCFHrp). hCFHrp plays a major role in
alternative pathway regulator factor H. This protein has played a role in the carcinogenesis
by giving a selective growth advantage and an escape to the host immune system [17,18].
BTA-TRAK is a urine ELISA test and BTA-STAT™ is a quantitative point-of-care test. It
has been shown that BTA-TRAK and BTA-STAT™ sensitivity are better than cytology
(57-83% vs. 37% respectively) [19-21]. However, their specificity is lower than urinary
cytology due to false-positives (51-75% vs. 99%) [20], in particular, nontumor urinary tract
diseases [22,23]. That is the reason why these tests are only used for patient follow-up in
association with cytology [21]. They can also be detected in urine.

2.1.2. NMP22 (Nuclear Matrix Protein 22) Protein Test

Nuclear matrix protein 22 (NMP22) has an important role in the regulation of mi-
tosis by regulating the distribution of chromatin to daughter cells, and is found in the
nuclear matrix of all cell types [24]. NMP22 is highly expressed in bladder tumor cells
and released from the nucleus after they die; it can be detected in the urine [25-27]. Two
tests are available for the dosage of NMP22, an ELISA test (Alere NMP22®) or a point-of-
care test (NMP22 BladderChek®). The sensitivity of the Alere NMP22® test and NMP22
BladderChek® test are higher than cytology alone (68% and 65%, respectively, vs. 37% for
the cytology [28]. The grade of the tumor plays an important role in the specificity of the
test [29,30]. However, the specificity is still lower than cytology—79% for Alere NMP22®
vs 95% for cytology [28]. Unfortunately, the constitutive presence of NMP22 in urothelial
cells can induce a false-positive and impair diagnostic specificity [21,22,30]. NMP22 level
is not used for the first diagnostic but it helps for the follow up, since it has shown a higher
sensitivity than cytology for the low-risk group [31]. Finally, NMP22 BladderChek® is a
test which is easy to perform; it gives results in 30 min, in contrast to Alere NMP22®, which
needs to be performed in the laboratory.2.1.3. Immunocyt™ /uCyt+™.

ImmunoCyt/uCyt+ is an immunocytochemical test targeting two antigens and was
developed by Fradet and Lockhard in 1997. The first antigen is a superficial bladder
cancer-associated sialylated epitope expressed on a heterogeneous group of glycoproteins
in the membrane; more precisely, a glycoform of the carcinoembryonic antigen (CEA). This
CEA glycoform is a 200 kDa membrane glycoprotein anchored to the membrane via a
glycosylphosphatidylinositol link and is highly glycosylated. This glycoprotein is observed
in tumor cells only, and preferentially in superficial bladder tumors [32-34]. This antigen
is targeted by the 19A211 antibody [33]. The second antigen is a secreted high-molecular-
mass mucin-like, called mucin antigen of the urinary bladder (MAUB) [35]. It is secreted by
mucosae and some exocrine glands [34-37]. This MAUB is targeted by M344 and LDQ1053
antibodies.

Studies have shown that ImnmunoCyt/uCyt+ alone has a sensitivity ranging from
38.5% to 92.1% across all grades and risk categories, which is higher than cytology (from
23% to 84.6%). However, the specificity is better for cytology than for InmunoCyt/uCyt+,
with a range from 62% to 84.2% vs. 79.7% to 99.4% for cytology. Nevertheless, it has been
shown that when cytology tests and ImmunoCyt/uCyt+ are used together, sensitivity
improves by at least 15%, ranging between 53.8% and 94.1% [38]. Moreover, the sensitivity
for low-grade tumor increased from 8.3%, for cytology alone, to 79.3% with a combina-
tion of both diagnostics [39]. They also showed that the sensitivity for high-grade was
improved, with a sensitivity by 75.3%, for cytology alone, and 98.9% for the combination.
Unfortunately, the specificity of the combination is still lower than cytology alone (ranging
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from 61% to 80.7%) [40,41] but better than ImmunoCyt/uCyt+ alone. In conclusion, this
test is useful for improving overall sensitivity when combined with cytology for all grades
of BC.

2.2. Non-FDA-Approved
2.2.1. Cytokeratins

The first potential role of cytokeratins as tumor markers for epithelial cancer cells has
been shown by Bjorklund B. and Bjorklund V, in 1957, with the tissue polypeptide antigen
(TPA) [42]. TPA is present in the proteolytic fragments of CKs 8, 18 and 19; these fragments
are released into body fluids, such as urine and serum, as a sign of cell death [43]. It has been
shown that the concentration of the antigen is higher in patients with tumors [44]. Since
the discovery of the high level of CKs in BC, several commercially available tumor marker
tests have been developed, such as the TPA, tissue polypeptide-specific antigen (TPS)
for CKs 8 and 18, tissue polypeptide cytokeratin antigen (TPACYK), and the cytokeratin
fragment of CKs 8 and 19 (CYFRA 21-1) [45]. However, since 2016, a new test to detect
cytokeratins has been specifically developed for the diagnosis of BC, the UBC® Rapid
Test (Concile GmbH, Freiburg, Germany). This test is now the most commonly used
for the detection of cytokeratins. It is a point-of-care test. Two tests are available and
both measure fragments of cytokeratins 8 and 18; one is a quantitative measurement and
the other is a qualitative measurement [46,47]. These cytokeratins are soluble in urine
and can be detected quantitatively with monoclonal antibodies using an enzyme-linked
immunosorbent assay (ELISA) [48]. The qualitative and quantitative UBC® Rapid Test
had a better sensitivity than cytology alone (61.3% and 64.5%), but still a lower specificity
(77.3% and 81.8%).

However, it has been shown that the combination of the UBC® Rapid Test with
cytology results in a higher overall sensitivity (77.4%). In contrast with cytology alone,
sensitivity increased from 21.4% to 50% for detecting low-grade tumors, and from 43.8% to
100% for high-grade cancers, albeit with a reduced specificity from 100% to 77.3% [49].

2.2.2. Lewis X Antigen

Carbohydrate antigen 3-fucosyl-N-acetyllactosamine, also known as Lewis X, is a
blood group antigen belonging to the Lewis system. It was first described by Mourant [50].
It is localized on the surface of cells, such as granulocytes, kidney tubules, and gastrointesti-
nal epithelia [51]. This antigen is normally absent from the urothelial cells in adults, but is
expressed by more than 90% of papilloma and transitional cell carcinomas, irrespective
of the tumor grade or stage of the BC [52]. This test works with a monoclonal anti-Lewis
X antibody (P12) directed against the Lewis X determinant [53]. Only old studies have
been performed with the use of this marker, and showed a median sensitivity of 75% and a
median specificity of 85% [52,54]. Due to the small number of studies, it is still unknown if
this biomarker is efficient.

2.2.3. Survivin

Survivin, also known as baculovirus IAP repeat-containing protein 5 (BIRC5) and
apoptosis inhibitor 4 (API4), is a member of the inhibitor of apoptosis protein (IAP) fam-
ily [55]. Survivin participates in the suppression of apoptosis and is a regulator of the cell
division [56-58]. Survivin is normally expressed during embryonic and fetal development.
It is completely undetectable in normal adult tissue, but a vast majority of tumors express
Survivin mRNA and protein at high levels. It can be found inside (cytoplasm, nucleus, and
mitochondpria) or outside (extracellular space through vesicles) the cell [55,59-62].

In BC, Survivin expression has been observed by immunohistochemistry and may
negatively impact the recurrence of the disease [63]. Actually, studies have shown that
Survivin has a real interest, with a sensitivity of 100% and a specificity of 80% to 90% [64,65],
which means that this marker could be a good test to help in the detection of BC.



Cancers 2021, 13, 1650

11 of 23

2.2.4. Hyaluronic Acid-Hyaluronidase Test (HA-HAase Test)

Hyaluronic Acid (HA) is a nonsulfated glycosaminoglycan and a component of the
extracellular matrix in solid and fluid tissues [66]. The concentration of HA is elevated in
several cancers and it has been shown that levels of HA are three to five-fold higher in
bladder tumor tissue extracts when compared with normal bladder extracts [67]. Moreover,
the expression of the hyaluronidases (HAase) (the enzymes capable of degrading the HA)
is also highly expressed in BC tissue when compared with normal bladder extracts [68].
Furthermore, it is also shown that levels of HAase are correlated with the tumor grade. This
increase of HAase plays a role in the invasive potential of BC [69]. The HA-HAase test is
comprised of two ELISA-like assays: the HA test (dosing the HA) and the HAase test (dos-
ing the HAase). The HA and HAase assays use a biotinylated HA-binding protein (HABP)
and an avidin-biotin system for detection [22,66,70,71]. A recent meta-analyze showed
that the sensitivity of the test is 90.8% for all tumors, with a specificity of 82.5% [66,72,73].
These results suggested that HA-HAase are good biomarkers for the diagnosis of BC.

2.2.5. BLCA-1 and BLCA-4

Bladder Cancer—Specific Nuclear Matrix Proteins (BLCA) are proteins only found
in BC. It has been shown that these proteins are associated with tumor cell proliferation,
survival, and angiogenesis [74,75]. BLCA-4 is one of the most abundant of this family of
six proteins (BLCA-1 to -6). They have been detected in the entire bladder, including the
tumor and normal adjacent areas, of individuals who have bladder cancer [74,75]. BLCA-1
is also one of the most abundant and has been shown to be significantly highly expressed
in patients with BC than in normal individuals; however, with no correlation with tumor
grade. For BLCA-1, a preliminary study showed a sensitivity of 80% and specificity of
87%, demonstrating the potential interest of a BLCA-1-based assays in diagnosis and
surveillance of patients with BC [76]. BLCA-4 expression does not appear to be affected
by tumor grade or various benign urologic disorders [77]. The protein level in urine was
tested using ELISA. A pooled analysis estimated a sensitivity of 93% and a specificity of
97% for BC [78,79].

Current studies suggest that BLCA-1 and BCLA-4 are promising markers in BC
diagnostics. Nevertheless, more studies are needed to confirm that BCLA-1 and BLCA-4
are good markers for BC detection.

2.2.6. Fibrin-Fibrinogen Degradation Product (FDP), the Accu-Dx FDP

It has been shown that BC produces a high level of vascular endothelium growth factor
(VEGF) [80]. VEGF increases the permeability of the tumor vessels, which leads to leakage
of plasma and blood proteins, such as plasminogen and fibrinogen, and coagulation factors
into the extracellular space. Coagulation factors rapidly transform fibrinogen into fibrin,
which is secondarily degraded by plasmin into FDP [81]. Increased urine fibrin/FDP
levels have been shown with the presence of BC [82]. Since the middle of the 1970s, the
identification of FDP in urine has been evaluated as a diagnostic test for BC. The Accu-
Dx FDP, a qualitative test, is a rapid immunoassay measuring FDP in the urine in a few
minutes [82,83]. Studies have shown a sensitivity ranging from 52% to 83% and a specificity
from 68% to 86%. Due to a problem with technical stability during manufacturing, the
marketing of the Accu-Dx FDP has been stopped [84].

2.3. Developing Diagnostics
2.3.1. Tumor-Secreted Extracellular Vesicles (EVs)

Recently, a small study identified 4 proteins as potential biomarker candidate proteins
in EVs secreted by BC cell lines using mass spectrometry, which could be useful for
diagnostics (HEXB, S1005A4, SND1 and EHD4) [85]. Moreover, using mass spectrometry,
another study found 2 proteins to be possible diagnostic urinary EV biomarkers, «-1-
antitrypsin and H2B1K [86]. The authors showed that, when these proteins are combined
for the detection of BC, they have a sensitivity of 62.7% and a specificity of 87.59%. Another
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protein, the periostin present in urinary EVs, has been shown to be significantly higher
in urinary EVs from patients with BC than healthy participants [87]. Periostin plays an
important role in the invasion in BC. However, more data still need to be collected to
evaluate the real efficiency of EV proteins as biomarkers, as not many studies have been
performed, covering a small number of patient samples.

2.3.2. Urinary Midkine Protein

Midkine protein (MK), also known as neurite growth-promoting factor 2 (NEGF2),
is a heparin-binding growth factor involved in several pathways, such as growth factor
activities in cellular proliferation, survival, and migration. In addition to the growth factor
activities, MK also plays a role in fibrinolysis, blood pressure, host defense, and other
processes [88,89]. In adult physiological condition, MK is only detected in kidneys at a
very low level [90]. In contrast, MK was demonstrated to be significantly upregulated
in various human cancers, such as BC [91]. This observation has been correlated with
previous studies, which described that the upregulation of MK is also observed in urine
specimens of BC patients [92,93]. It has been shown that the expression of MK is correlated
with a poor outcome in patients with invasive BC, with a higher concentration in urine in
advanced stages of BC [94]. Unfortunately, a recent study showed that the dosage of the
urinary MK is less efficient than a urinary cytology, with a sensitivity of 69.7% vs. 87.6%
and a specificity of 77.9% vs. 87.7%. The combination of dosages of the urinary MK with
the urinary cytology improved the sensitivity to 93.3% with, as a counterpart, a reduction
of the specificity to 66.2% [94]. Thus, urinary MK could potentially be suitable for the
identification of patients with a high risk of BC.

2.3.3. Liquid-Based Cytology (LBC) in BC and Quantitative Proteomic Analysis

LBC is an innovative slide-making technique. It has been widely used for several
cancers, such as cervical cancer, breast cancer, sputum cytology of lung cancer, and now,
in BC. The LBC allows a better quality of the samples by reducing the time to make
a sample slide, removing the nonurothelial cells and mucus in the urine, humidifying
slides, and decreasing cell degeneration using a preservation solution. It also improves the
microscopic analysis of the slides with a better background, a better cell dispersion, and
with less atypical cells than in urinary cytology [95]. A recent meta-analysis shows that
LBC has no significant sensitivity improvement when compared to a traditional urinary
cytology, with a sensitivity of 58% and specificity of 96% [95]. But it was shown that
LBC is more efficient in detecting malignant cells in comparison with urinary cytology
(37.3% vs. 25.3%) [96]. More studies are needed to evaluate if LBC is a good method
to replace classical cytology. Finally, a recent study shows that LBC could be a useful
tool to detect new clinical biomarkers [97]. The authors generated the first and largest
in-depth quantitative proteomic analysis of BC using LBC. They were able to detect a
unique intracellular protein, the neuroblast differentiation-associated protein, AHNAK,
with a different expression and localization between tumor and nontumor cells. However,
further investigation is required to understand the importance of this protein.

3. Urine DNA/RNA Based Assays

Another way to diagnose cancer is to use DNA or RNA released or contained by
malignant cells. One of the advantages of using DNA or RNA is that it can be amplified
and can be used at early stages. Here, we are presenting tests that have been developed
for BC.

3.1. Commercialized Urine DNA/RNA Tests
3.1.1. Urovysion

Urovysion is a 4 target multicolor FISH-based test, developed in 2000, to detect
BC in urine [98]. The probe set is composed of directly labeled DNA probes targeting
pericentromeric regions of chromosomes 3 (CEP3), 7 (CEP7), and 17 (CEP17), as well as the
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9p21 locus (LSI 9p21) to quantify the homozygous deletion of the p16 tumor suppressor
gene. A 4'-6-diamidino-2-phenylindole stain also allows the evaluation of atypical nuclear
features; in fact, polysomic cells tend to have large and irregular nuclei. In their initial
paper, Sokova et al., tested Urovysion in 21 BC patients and 9 healthy donors to determine
the optimal set of FISH probes, and then in 179 patients, including 93 with BC history and
86 who were healthy, for validation [98]. They found a sensitivity of 84% and a specificity
of 92%. In another study, they compared the Xpert assay (see below) to the Urovysion assay
on 239 patients with a history of BC, and found a sensitivity of 74% (83% for high grade BC)
and a specificity of 80% [99]. Numerous publications have been released since then, mostly
about trials to validate Urovysion use as a BC surveillance test. One study, published in
2007, followed 250 patients with BC for 23 months [100]. They compared Urovysion tests
to cytology and found that Urovysion is more sensitive at detecting BC recurrence (74%
compared to 61%). Another study, published in 2018, assessed the potential benefit of
using two Urovysion tests 3 months apart onto specificity and sensitivity of this test for BC
recurrence [101]. The authors tested this hypothesis in a cohort of more than 400 patients
who had been treated by transurethral resection of bladder tumor for BC and diagnosed
within 2 years. If, with the first tests (Urovysion and Cytology), a new tumor was found,
the trial ended for them; if nothing was suspicious, then they underwent the same tests 3
months later. By using 2 Urovysion tests, BC recurrence detection was increased from 50%
to 72%, and 42% of low-grade BC and 67% of high-grade BC were detected against 0% and
11% using cytology.

Urovysion is a noninvasive test that allows the detection of BC, independent of
specific mutations. This test is far more efficient for detecting BC recurrence than cytology.
However, one of the problems that can come out using Urovysion is that it can detect other
types of cancer, such as kidney cancer, due to leakage of cells in the urine. Urovysion has
also a high false-positive rate of 27.6% [101]. Thus, Urovysion may not replace cytology and
cystoscopy for the initial detection of BC; the two golden techniques are more efficient. That
said, this assay could be used for the follow-up of BC patients. Despite the false-positive
rate, the use of Urovysion, instead of cytology, could improve confidence with regard to
detecting BC recurrence and diminish cystoscopy frequency, especially if two consecutive
Urovysion tests are used. The Urovysion assay has been approved by the FDA in 2001.

3.1.2. Xpert Bladder Cancer Monitor

The Xpert bladder cancer monitor assay analyzes five mRNA targets (ABL1, CRH,
IGF2, UPK1B, and ANXA10), frequently overexpressed in BC, using real-time-PCR (Poly-
merase Chain Reaction) [49,99]. ABL1 serves as a sample adequacy control to ensure the
presence of human cells in the urine sample. The Xpert BC monitor is used as a kit. Briefly,
cells are captured on a filter, lysed by sonication, and RNA is used for real time PCR. The
Xpert bladder cancer monitor has first been compared to cystoscopy and cytology for
the follow-up of 140 NMIBC patients [49]. In term of sensitivity, the Xpert assay reached
84% and cytology reached 33%. For specificity, the Xpert assay reached 91% and cytology
reached 94%. The combination of both Xpert BC monitor and cytology did not enhance di-
agnostic performances. This test is more efficient in detecting BC recurrence than cytology.
However, it does not seem that the Xpert assay will replace cytology and cystoscopy for
the initial detection of BC; the two golden techniques are still more trusted and could cover
more cancer types than the Xpert bladder cancer monitor, which focuses on only 5 mRNAs
and is not representative of every BC type. However, for the follow-up of patients, Xpert
assays could be used as replacements for cytology to improve confidence at detecting BC
recurrence and diminish cystoscopy frequency.

3.1.3. CxBladder Detect

The CxBladder detect assay is based on the quantification of 5 mRNA biomarkers
found in urine. Four of these biomarkers (IGFBP5, HOXA13, MDK, and CDK1) are associ-
ated with growth and propagation of tumor tissue, whereas the fifth biomarker, CXCR?2, is
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a marker of inflammation highly expressed in neutrophils. In this context, CXCR2 enables
one to separate patients with BC from patients with inflammation alone [102,103]. In the
initial study, 36 patients with no prior history of BC, 39 patients under surveillance for BC
recurrence, and 77 patients with nonmalignant diseases were followed [102]. For low grade
BC, a sensitivity of 47% was achieved and 100% was achieved for high grade BC. Another
study compared the CxBladder assay and cytology [103]. They worked on 485 patients
with gross hematuria, but without history of BC, and obtained their voided urine before
cystoscopy. They obtained a sensitivity of 82% for the CxBladder assay (97% for high grade
BC) against 56% for cytology. CxBladder specificity was 85% and 94% for cytology, showing
a higher false-positive rate. Using the different markers, they can distinguish between low-
and high-grade BC, with a sensitivity of 91% and a specificity of 90%. CxBladder will not
replace cystoscopy for the initial detection of BC, but it could replace cytology because it is
more efficient and makes it easier to separate low- and high-grade BC. Despite the false-
positive rate, the use of CxBladder in replacement of cytology could improve confidence at
detecting BC and diminish cystoscopy frequency [104]. Darling et al. performed a study
on 33 patients with 12 urologists, resulting in 396 patient—urologist interactions [105]. All
urologists changed their final diagnostics in at least one patient case with the addition of
Cxbladder results. The total number of requested invasive procedures was reduced from
425 to 379 (—11%) following disclosure of Cxbladder information. Another study obtained
the same results—a reduction in the number of total and invasive procedures [106]. The
CxBladder detect assay is FDA approved.

3.2. Non-Commercialized Urine DNA/RNA Tests
3.2.1. uCAPP-Seq

uCAPP-Seq is a novel high-throughput sequencing (HTS) method for the detection of
urine tumor DNA (utDNA) called utDNA CAPP-Seq (uUCAPP-Seq) [107]. DNA contained
in urine is purified and sequenced. Around 311 kb of genome are covered, including
460 genes. At first, an analysis of 67 healthy adults and 118 BC patients with different
disease stages was performed [107]. The authors found a median of 6 mutations per tested
patient; around 70% of mutations found in urine were the same found in the tumor. The
two most common mutated regions were TERT (74%) and PLEKHS1 promoters (46%).
BC common gene mutations, such as TP53, FGFR3, ERBB2, and RB1, were found, but
there was no correlation between the total counted mutations and the stage of the disease.
However, there was a correlation between urine DNA concentration and BC risk. As a
new diagnostic test, uCAPP-Seq identified 77% of low-grade cancer and 100% of higher
stage cancer. For surveillance of BC, cytology was positive for 37.8% of the patients who
developed recurrence, while utDNA was positive in 84% of the cases. uCAPP-Seq is more
efficient in detecting BC recurrence than cytology; it has a higher rate of detection for
low-grade BC than cytology. There is only one publication on uCAPP-Seq, and more work
needs to be done to compare and validate this new test to other techniques. It will probably
be expensive, but not as expensive as cystoscopy, and costs can be reduced, especially if
this technique is used widely. The uCAPP-Seq assay is not yet commercialized.

3.2.2. UroSEEK

The UroSEEK assay enables the detection of specific DNA mutations contained in
exfoliated urine cells to diagnose BC and upper tract urothelial carcinomas [108]. This assay
targets intragenic mutations in specific regions of the ten following genes (FGFR3, TP53,
CDKN2A, ERBB2, HRAS, KRAS, PIK3CA, MET, VHL and MLL), which are frequently
mutated in urothelial tumors. It also targets mutations in the TERT promoter and detects
aneuploidy. It is based on a singleplex PCR assay to analyze the TERT promoter region and
a multiplex PCR assay to analyze the 10 genes regions, followed by sequencing [109]. By
adding barcodes to the primers, it could detect mutations in as few as 0.03% of urinary cells.
UroSEEK has been tested in three independent cohorts of patients [108]. For the BC early
detection, results were compared, when possible, to mutations found in the biopsy of the
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initial tumor. By testing mutations of only 10 genes, there were false-negative results due to
a low number of cancer cells in the urine (62% of the cases) or to the absence of mutations
in the tested genes (38% of the cases). By combining the three tests (10 genes mutations,
TERT mutations, and aneuploidy), false-positive results were drastically reduced, with
only 1 positive result among the 188 healthy patients, reaching a sensitivity of 83%. Among
the 395 patients in the BC early detection cohort who did not develop BC during the course
of the study, 6.5% scored positive with the UroSEEK test. Despite the false positives, BC
was detected 2.3 months before the diagnosis with gold standard techniques (cytology
and cystoscopy), and, for 8 cases, more than one year before. By combining a complete
UroSEEK test with the golden standard diagnosis test (cytology), a sensitivity of 95%
was achieved, a 12% increase over UroSEEK and a 52% increase over cytology and a 93%
specificity. For the BC surveillance cohort, a specificity of 80% and sensitivity of 71% were
achieved; in combination with cytology, a specificity of 82% was reached. The UroSEEK
test was positive 7 months before BC recurrence was diagnosed.

Another study was conducted in 2019 on 527 BC cases, including 373 low-grade and
154 high-grade bladder carcinomas (high grade) treated with transurethral resections or
cystectomies [109]. Tumor and not urine-contained cells were analyzed, and white blood
cells from healthy patient were used as control. A total of 92% of BC tumors were positive
for at least one genetic alteration covered by UroSEEK test, including 70% positive for
TERT mutations.

UroSEEK allows false-positive and false-negative diagnostics. False-negative results
are mostly BC induced by mutations not detected by the UroSEEK test and, also, because of
the low number of cells contained in urine. In fact, for some cancer, no cells were released
into urine, at least at the early stage, and they can be diluted with normal cells [110].
UroSEEK should never be used as the only diagnostic test because there are too many false-
negative results. However it could be useful for detecting BC recurrence, as it can detect
cancerous cells seven months before currently used techniques (cytology and cystoscopy),
and mutations covered 90% of BC [109]. Even with a false-positive, it will help to drastically
diminish the use of cystoscopy. In order to avoid false-negative results during follow-
up, primary tumors could be sequenced to validate if this cancer can be detected by the
UroSEEK assay. the UroSEEK assay is not yet commercialized.

3.2.3. Assure Mdx

In the Assure Mdx assay, DNA is extracted from voided urine and analyzed for muta-
tions in FGFR3, TERT, and HRAS, and methylation of OTX1, ONECUT2, and TWIST1 [111].
Assure Mdx was tested on 200 patients, including 97 with BC and 103 with nonmalignant
profiles. The authors observed a sensitivity of 93% and a specificity of 86% for BC detection.
These first results are promising but more work is needed to conclude on this technique,
including comparison to golden standards, at least with cytology. Preliminary results
suggest that Assure Mdx could be used for BC follow-up to help reduce cystoscopy and,
perhaps, to help for the first diagnostic if sensitivity and specificity are better than with
cytology. Assure Mdx is not yet commercialized.

3.2.4. AURKA

The Aurora kinase A (AURKA) gene encodes a key regulator of mitosis and is fre-
quently amplified and/or overexpressed in cancer [112]. The level of AURKA amplification
is associated with the level of aneuploidy. AURKA overexpression is associated with poor
clinical outcomes due to increased cell cycle progression and development of genomic
instability with aneuploidy [113,114]. In this assay, the AURKA gene copy number and
DNA ploidy (centromeres for chromosomes 3, 7 and 17) are analyzed by FISH [112]. If
three or more AURKA copies are detected, the sample is considered positive for BC. Firstly,
23 BC patients and 7 healthy control (training set) were analyzed, and then 100 BC patients
and 148 control subjects (92 healthy individuals and 56 patients with benign disorders)
were analyzed [112]. A specificity of 96.6% and a sensitivity of 87% were found. Another
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study based on 232 patients with BC and 255 control samples, as well as 126 from healthy
individuals and 129 from patients with benign urologic disorders, was led. A FISH test for
the AURKA gene copy number in urine yielded to a specificity of 80% and a sensitivity of
80% [113]. One of the problems resulting from using AURKA is that, when it is positive,
the type of cancer concerned is not clear; it could be kidney cancer or other types of cancer
with a leak of cells into urine. AURKA is also a target for the treatment of BC; AURKA
tests can only be used prior to any treatment, for initial BC detection. The AURKA based
assay is not yet commercialized.

3.2.5. DNA Methylation

There are a multitude of urine DNA methylation-based assays that are developed
to detect BC. In fact, gene methylation is different in cancerous cells and can help to
distinguish them from healthy cells and, also, from other cancer types or grades. DNA
methylation is correlated with poor survival in BC patients [115].

One of the tests allows the quantification of EOMES, HOXA9, POU4E2, TWIST1, VIM,
and ZNF154 methylation levels by real-time PCR (MethyLight) [116]. A total of 390 urine
samples from 184 patients with low grade BC and 35 healthy patients were studied. For all
six markers, independently, a sensitivity between 82% and 89% and a specificity between
94% and 100%, for BC first detection, were obtained. For BC recurrence surveillance, a
sensitivity between 88% and 94% and a specificity between 43% and 67% were obtained. It
appears that hypermethylation was consistently present in urine samples for a group of
healthy patients (n =15-31%).

Another test quantifies promoter methylation of 8 genes (ARF, TIMP3, RAR- (32,
NID2, CCNA1, AIM1, CALCA and CCND2) by quantitative methylation-specific PCR
(QMSP) [117]. A total of 17 nonrecurrent and 19 recurrent BCs were tested to identify opti-
mum combinations, and new markers were found to study and explore. Other prospective
confirmatory studies are needed to validate and optimize this assay. A larger cohort is, in
fact, needed to obtain specificity and sensitivity rates.

Epicheck is an assay assessing the methylation status of 15 methylation markers [118].
D’Andrea et al. investigated the clinical utility and influence on decision making of the
Bladder Epicheck assay for the surveillance of NMIBC using 440 patients [119]. A specificity
of 88% was found to detect BC relapse.

Another study investigated voided urine methylation status to identify BC presence
and grade [120]. Methylation status of 5 genes (TWIST1, RUNX3, GATA4, NID2 and
FOXEL1) was studied with a qPCR-based MethylLight assay. Using 211 BC patients (in-
cluding 180 low grade) and 102 controls, they finally focused on 2 different markers and
obtained a sensitivity of 76% and a specificity of 83% for BC detection, and 78% and 61%
for grade determination.

A test developed for cervical cancer detection with DNA methylation, GynTect, has
been used to detect BC [121]. It usually permits the quantification of DNA methylation on
6 genes (ASTN1, DLX1, ITGA4, RXFP3, SOX17 and ZNF671). By modifying the algorithm,
reducing the assay to 4 genes (DLX1, ITGA4, SOX17 and ZNF671), and testing on 30
patients with NMIBC and 30 control subjects, a sensitivity of 60% and a specificity of 96.7%
were obtained. By adding others markers known to be modified in BC, this test could be
optimized.

As DNA methylation may be dependent on patients’ ethnicities, assays are developed
on a specific cohort, such as one on a Chinese patient [122]. A combination of 7 genes
(HOXA9, ONECUT?2, PCDH17, PENK, TWIST1, VIM and ZNF154) was used to assess its
ability to detect BC using a high-resolution melting-curve assay. Encouraging results were
obtained on a small cohort, and a larger cohort is scheduled.

DNA methylation quantification is a noninvasive test that enables the detection of
BC, independent of specific mutations. One of the problems that may result from using
DNA methylation is that, when it is positive, the cancer origin is not defined; it could be
kidney cancer or any other type of cancer with cells leaking in the urine. As a minimum
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number of cells is necessary to detect methylation, 35% of patients were excluded because
of an insufficient amount of DNA [116]. Next, a collection of 50 mL of urine or a use of
alternative techniques, such as nested PCR, for example, are recommended by the authors.
Another limitation could be the treatment used, such as BCG, mitomycin C, etc. Indeed,
many of them could alter methylation status and there is a real lack of results in this field.
It does not seem that DNA methylation quantification can replace cytology and cystoscopy
for the initial detection of BC presently; the two golden techniques are more efficient. But
this new technique has better sensitivity than cytology, and could, therefore, replace this
technique for recurrence surveillance, allowing for the reduction of cystoscopy frequency.

3.2.6. Uromonitor

The Uromonitor assay allows for the detection of TERT promoter mutations and
FGFR3 hotspot mutations in tumor cells exfoliated into urine samples [123]. Cells are
filtrated from urine and analyzed with multiplex competitive allele-specific discrimination
PCR. The Uromonitor assay has been tested in 185 samples to assess its sensitivity and
specificity against cytology/cystoscopy. A sensitivity of 73.5% and a specificity of 93.2%
for BC recurrence detection were obtained. These results are comparable to cystoscopy
and better than cytology, according to the authors [123]. When used with cystoscopy,
they obtained 100% sensitivity and 88.6% specificity. This assay could be completed with
the detection of KRAS, as it shows encouraging results. However, 20% of BC does not
seem to be detected by the Uromonitor assay, probably due to the fact that not all BCs are
reported to have TERT promoter and FRGFR3 mutations. Uromonitor could be used for
monitoring BC recurrence, and not BC primary diagnostic, because more than 20% of first
BC tumors are not due to TERT promoter or FGFR3 mutations. The use of Uromonitor
in the replacement of cytology could improve confidence at detecting BC recurrence and
diminish cystoscopy frequency.

4. Discussion

Liquid biopsies are increasingly used for the diagnosis and follow-up of cancer pa-
tients. Indeed, urine and blood are largely used as liquid biopsies to detect markers, such
as circulating cell free DNA, microRNA, circular RNA, non-coding RNA, proteins, cells
etc. [124-126]. Urine is a body fluid that can be used to detect cancers and others diseases.
It is noninvasive and easy to collect. Other types of cancer, completely independent of the
genitourinary system, can also be detected using urine, such as breast cancer or Glioblas-
toma [124]. To detect BC, cytology is the first assay used. It is an effective way to detect
high-grade BC and CIS, but with a high rate of equivocal results, especially for low-grade
BC. As such, cystoscopy is used to confirm cytology results and to determine cancer status.
Cystoscopy is also effective, but invasive, recurrent, and not well accepted by all patients,
especially during BC follow-up. As shown in this review, numerous assays were developed
during the past few years in order to diagnose BC at an early stage, and to facilitate the
follow-up of patients. For BC screening, an assay should be less invasive (noninvasive,
if possible) with a high sensitivity, especially for low grade BC, but it is also important
to have a high specificity to avoid further unnecessary invasive procedures. Therefore, it
should not be solely based on morphology and should be sufficient to detect BC at any
stage. Most of the assays described in this review do not fit these criteria, or, at least, are
used in combination with cytology and cystoscopy, such as ImmunoCyt/uCyt+™. Some
assays are dedicated to one specific stage of BC, such as Assure Mdx and Xpert assays.
Some of the tests could not be used for the initial diagnostic, such as NMP22 BladderChek®,
Urovysion or Cxbladder. This is one of the critical points—the tests do not allow detection
of BC at an early stage with high sensitivity.

For diagnosis, an assay’s specificity and sensitivity must be very high. Price should
not be an issue, as a low number of persons would undergo it based on an efficient
screening assay. None of the assays described above can compete with cystoscopy for
definitive diagnosis.
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For the follow-up of patients, one of the major issues is the invasiveness of tests and
their repetition over time. The recurrence of these invasive tests can lead to urinary tract
infections, pain, or discomfort, leading to the patient’s own discontinuation of follow-
up care. In addition, lifelong follow-up leads to heavy financial burdens. Therefore,
noninvasive assays with a high specificity, high sensitivity, and moderate cost would be
greatly beneficial. Many of the assays described here could, or are, used as follow-up
assays, especially because some of them have high specificity and sensitivity, and are
specific to stages of BC and as easy to perform as BTA assays. Therefore, follow-up assays
could be selected according to patient profile and effectiveness. Urovysion assays and
UroSEEK assays seem to work for BC recurrence detection.

To date, assays are efficient in the advanced BC stage for the diagnosis and follow-up
of patients. Unfortunately, for the initial screening of patients, especially for low-grade
cancer patients, assays lack effectiveness. These types of assays are crucial, as they could
save lives by detecting BC sooner. They could also considerably reduce overall BC cost.
New assays are in development and there are not enough data available yet to describe
them in this review, but they could fill some of the gap in the future. Thus, miRNA
could be used to develop diagnostic tests for bladder cancer, since they are stable in body
fluids and could, therefore, be easily used to develop noninvasive tests. In fact, several
miRNA misregulations are associated with bladder cancer development and outcome
prediction, such as miRNA-155, 21-miRNA, miRNA-1178, etc. [127-129]. An interesting
meta-analysis about urine miRNA tests to detect BC was published in 2018 [130]. According
to Kutwin et al., a test studying multiple miRNA, and not just one, could compete with
cytology tests; however, there is still a need to perform clinical trials to validate this
hypothesis. Another possible future test is based on an improved cytology reading thanks
to artificial intelligence. A specific urine preparation could allow the visualization of
urothelial cells, coupled with an image processing algorithm of urinary cytology slides.
This assay, called Visiocyt, is described as sensitive for low-grade BC. Other assays could
rely on next generation sequencing (NGS), allowing detection of a low amount of cancer
DNA in urine.
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