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Abstract

Purpose Diagnosis and follow-up in patients with non-muscle invasive bladder cancer (NMIBC) rely on cystoscopy and
urine cytology. The aim of this review paper is to give an update on urinary biomarkers and their diagnosis and surveillance
potential. Besides FDA-approved markers, recent approaches like DNA methylation assays, mRNA gene expression assays
and cell-free DNA (cfDNA) are evaluated to assess whether replacing cystoscopy with urine markers is a potential scenario
for the future.

Methods We performed a non-systematic review of current literature without time period restriction using the National
Library of Medicine database (http://ww.pubmed.gov). The search included the following key words in different combina-
tions: “urothelial carcinoma”, “urinary marker”, “hematuria”, “cytology” and “bladder cancer”. Further, references were
extracted from identified articles. The results were evaluated regarding their clinical relevance and study quality.

Results Currently, replacing cystoscopy with available urine markers is not recommended by international guidelines. For
FDA-approved markers, prospective randomized trials are lacking. Newer approaches focusing on molecular, genomic and
transcriptomic aberrations are promising with good accuracies. Furthermore, these assays may provide additional molecular
information to guide individualized surveillance strategies and therapy. Currently ongoing prospective trials will determine
if cystoscopy reduction is feasible.

Conclusion Urinary markers represent a non-invasive approach for molecular characterization of the disease. Although
fully replacing cystoscopy seems unrealistic in the near future, enhancing the current gold standard by additional molecular
information is feasible. A reliable classification and differentiation between aggressive and nonaggressive tumors by apply-
ing DNA, mRNA, and cfDNA assays may change surveillance to help reduce cystoscopies.

Keywords Non-muscle invasive bladder cancer - Disease detection - Follow-up - cfDNA - Molecular urine markers - Liquid
biopsy

Introduction and methods

Diagnosis and surveillance of bladder cancer (BC) are based
mainly on cystoscopy, which is invasive, cost-intensive and
associated with discomfort. Urine cytology is an important
adjunct to cystoscopy. Despite the progress in technology
(e.g., photodynamic diagnostic) and increased sensitiv-
ity, not all tumors are detected. For example, sensitivity of
cytology for low-grade (LG) disease is poor. The clinical
need for new cost-effective markers to improve diagnos-
tic accuracy and reduce further testing, like cystoscopies,
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has been discussed before. Despite the availability of some
FDA-approved assays, replacing cystoscopies for detection
and monitoring BC is currently implausible. The aim of this
article is to give an update on different molecular markers
in urine, focusing on newer approaches with an outlook on
whether next generation sequencing (NGS) of urinary bio-
markers could replace cystoscopy, and how biomarkers may
help enhance information provided by cystoscopy.

We reviewed current literature without time period
restriction non-systematically using the National Library
of Medicine database (http://ww.pubmed.gov). The search
included the following key words in different combina-
tions: “urothelial carcinoma”, “urinary marker”, “cytology”,
“hematuria” and “bladder cancer”. Further, references were
extracted from identified articles. The results were evaluated
regarding their clinical relevance and study quality.
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Potential clinical scenarios

The potential benefit of urinary biomarkers varies depend-
ing on the clinical situation.

Scenario 1: Urinary biomarkers could be used prior to
cystoscopy as the primary diagnostic approach; either by
screening the population or only in symptomatic patients
presenting with hematuria. The individual marker should
provide a high negative predictive value and specificity to
avoid false-positive results. However, using urine mark-
ers for screening purposes is currently not recommended
because BC prevalence is too low and the available bio-
markers do not adequately detect BC with high sensitiv-
ity or specificity [1]. Patients with hematuria should be
categorized by gross and microscopy hematuria. Every
patient with gross hematuria should receive a cystoscopy;
however, urinary markers could be an important adjunct
to nomograms leading to better evaluation of patients with
microscopic hematuria [2].

Scenario 2: Following the detection of a suspicious
lesion, EAU guidelines recommend a photodynamic-
enhanced transurethral resection and deep resections con-
taining detrusor muscle where a high-grade (HG) tumor or
carcinoma in situ (CIS) is predicted [3]. A positive urine
marker examination may increase the investigator’s aware-
ness for a more intense examination bladder. Moreover, a
urine marker result indicating the presence of aggressive
tumors should encourage the surgeon to take deep resec-
tions including detrusor muscle [4].

Scenario 3: Urinary markers might be helpful after tran-
surethral tumor resection. Here, the potential use of urinary
markers depends on tumor grading. In LG tumors, mark-
ers could be a surveillance tool reducing the frequency of
cystoscopies. Progression in these cases is rare, so urinary
markers and sonography may guide follow-up investigations.
Although some authors describe a feasible marker-guided
follow-up, (e.g., the ongoing UroFollow trial, comparing
cystoscopy-based follow-up with non-invasive surveillance
using cell-based assays) further evidence is needed [5]. Fig-
ure 1 shows the UroFollow trial design. It is unlikely that cli-
nicians will renounce re-resection to rely only on biomark-
ers in HG tumors; in this context, however, urinary markers
could monitor patients receiving intravesical Bacillus Cal-
mette—Guerin (BCG) therapy to evaluate whether a patient
should receive further instillations or cystectomy [6].

Finally, urinary markers could aid patients with muscle
invasive bladder cancer (MIBC) receiving neoadjuvant ther-
apy before cystectomy [7]. Currently, no reliable tools exists
that can identify which patients would benefit from neoad-
juvant chemotherapy [3]. In the future, genetic analyses of
urine may help select these potential patients, in a non-inva-
sive way. In adjunct with imaging, molecular markers [e.g.,
cell-free DNA (cfDNA)] in plasma or urine may indicate
early progression during neoadjuvant therapy, even when no
systemic progress is visible in the CT. Figure 2 illustrates
potential clinical scenarios for using urine markers.

Several markers, investigated in the past, address the clin-
ical needs outlined above. The most broadly used marker,
urine cytology, can be interrogated by various tests for
structural genomic aberrations [e.g., urovysion fluorescence
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in situ hybridization (FISH) and protein alterations (e.g.,
NMP22)]. Table 1 provides a summary of available urine
markers. While some assays have been approved, their
application is not clearly recommended in current guide-
lines. Recently, specific assays analyzing gene mutations or
methylation and tumor-associated mRNAs present in urine
have been introduced. cfDNA release by tumor cells presents
new options for assessing tumor-associated DNA in urine.
The information about genetic aspects of malignant urothe-
lial cells might help to incorporate molecular parameters in
addition to morphological and clinical aspects into clinical
decision making; urine-based analyses may be able to con-
tribute to the analysis of new subtypes of bladder cancer that
are based on genomic aberrations [8].

Urine cytology

Urine cytology remains an important part in the diagnosis
and surveillance of BC. Urine cytology is more accurate for
HG (specificity 83-99, 7% and sensitivity 38-84%) than LG
(sensitivity 12-26%) [9]. Due to the discrepancy between
cancer types, cytology should not be a stand-alone diagnos-
tic or replacement of cystoscopy. However, it remains an
important compliment, both in primary diagnosis and moni-
toring. In patients with HG or CIS with recent intravesical
therapy, cytology should be used in recurrence monitoring.
In patients with divergent results (i.e., positive cytology and
negative cystoscopy) further diagnostic procedures should
include imaging of the upper urinary tract and quadrant

Limited evidence ]

biopsies of the bladder to evaluate suspicious cell origin [3].
To reduce discomfort in patients receiving frequent cystos-
copies, urine cytology in combination with ultrasound may
be considered for LG nonaggressive tumors.

One limitation of cytology is the interobserver variability.
A reliable assessment and interpretation of cytology scans
remain challenging, in particular with recurrent inflamma-
tion or previous immunotherapy. To address this, the Paris
system working group established a standardized reporting
system which includes diagnostic categories and cytomor-
phologic criteria. This reporting system represents a sig-
nificant step towards a more reproducible interpretation of
atypical cytology [10].

FDA-approved urine markers

UroVysion (Vysis, Abott Molecular Inc., USA) is a FISH
assay which detects chromosome copy number (aneuploidy
of chromosomes 3,7,17 and 9p21 loss) aberrations. The
assay is FDA approved for both diagnosis and follow-up. In
trials and meta-analysis, the assay has shown a sensitivity
(65-84%) superior (for LG) to cytology with a reasonable
specificity (78-92%) [11]. Various authors have discussed a
potential anticipatory feature proclaiming that patients with
positive FISH tests are more likely to suffer a recurrence
even without a visible tumor [12, 13]. However, further vali-
dation is needed.

FISH analyses are cost and labor intense with some chal-
lenges for implementation in daily clinical routines. Most
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Table 1 Summary of current urine markers

Test & manufac- Detected marker,  Assay type FDA approval Reported sensitiv- Reported specific- References
turer specimen ity ity
Urine cytology Atpyical exfoliated Microscopy 38-84% (HG) 83-99% Lotan et al. [9]
urothelial cells, 12-26% (LG)
urine
uCyt+/Immunocyt Bladder tumor Immunocytochem- Follow-up 85% (78-90%) 83% (17-87%) Chou et al. [16]
Scimedx, Inc., cell associated istry
USA mucins/carci-
noembryonic
antigen, urine
UroVysion Alterations in FISH Diagnosis, follow- 65-84% 78-92% Mowatt et al. [11]
Abbott Vysis, USA  chromosomes 3, up
7,17,and 9 p 21,
urine
NMP22 Nuclear mitotic Sandwich ELISA  Follow-up 62-75% 70-83% Chou et al. [16]

Matritech, Inc.,
Alere, Germany

BTA trak. (ELISA)
BTA stat. (p-o-c)
Polymedco,
Cortlandt, USA

UBC rapid (p-o-c)
UBC ELISA
(ELISA)

IDL Biotech,
Sweden

CYFRA 21-1
Roche Diagnos-
tics, Suisse

BLCA 4

Eichrom Technolo-
gies, USA

Survivin

Fujirebio Diagnos-
tics Inc., Japan

AssureMDx

MDx Health, USA

CxBladder Assay
Pacific Edge, NZ

Xpert BC test
Cephaid, USA

TagMan Arrays
ThermoFisher,
USA

apparatus pro-
teins, urine

Complement factor
H-related protein
and complement
factor H, urine

Cytoskeletal
proteins CK8 and
18, urine

Cytoskeletal pro-
tein CK 19, urine

Nuclear matrix
protein, urine

Inhibitor of apop-
tosis genes, urine

Mutation analysis
of FGFR3,
TERT, and
HRAS, meth-
ylation analy-
sis of OTX1,
ONECUT2, and
TWIST1, urine

Measurement
of 5 mRNAs
(IGFBPS,
HOXA13, MDK,
CDKI1, CXCR2),
urine

Detection of
mRNA expres-
sion of 5-genes
(CRH, IGF2,
UPKIB,
ANXAI0,

and ABL1), urine

12 +2 gene-set
panel

or point-of-care
test

Sandwich ELISA
or immunoassay

Sandwich ELISA
or Point-of-care
test

Electrochemi-
luminescent
immunoassay

Sandwich ELISA

ELISA Bio-dot
assay

Mutation analysis

PCR

PCR

PCR

(ELISA), diag-
nosis, follow-up
(p-o-c)

Diagnosis, follow-
up

58-69% (p-o-c)
54-75% (ELISA)

50-59.3% (p-o-c)

70-90%

93-96%

64%

93-97%

CxBladderDetect
82%

CxBladderMoni-
tor 93%

73-84%

98%

73-81% (p-o-c)
64-82% (ELISA)

82-86% (p-o-c)

73-86%

97-100%

Chou et al. [16]

Schmitz-Dréger
etal. [14]

Huang et al. [20]

Konety et al. [21]
Cai et al. [22]

93% Shariat et al. [23]

83-86%

CxBladderDetect
85%

90-91%

Van Kessel et al.
[31]

O’Sullivan et al.
[34]
Kavalieris et al. [35]

Pichler et al. [37]
Wallace et al. [36]

99% Mengual et al. [38,

39]
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Table 1 (continued)

p-o-c point of care, HG high grade, LG low grade

importantly, the correct interpretation of cell abnormalities
caused by inflammation and other benign conditions (e.g.,
prostate enlargement, hematuria or urolithiasis) [14]. Using
other interpretation algorithms may improve FISH accuracy.
For instance, considering the potentially benign tetraploidic
cells may help to increase specificity of the UroVysion
assay [15]. Cost of the UroVysion assay may be reduced by
improving automation and probe number. The aneuploidy of
the probes is partially overlapping, indicating that a reduc-
tion of probes may be possible. These improvements may
lead to easier and faster processing and reduce variability
between observers.

The uCyt+ assay (Scimedx Inc., Denville, NJ, USA) is
a combination of urine cytology and immunohistochemi-
cal staining with monoclonal antibodies (LDQ10, M344,
19A11). It is FDA approved for diagnosis and follow-up with
a specificity 83% (77-87%) and sensitivity of 85% (78-90%)
[16]. Its improved sensitivity for LG makes it a potential sur-
veillance method in patients with low-risk BC. Combining
urine cytology with uCyt+ could offer high sensitivity for
both high- and low-grade tumors [17]. Limitations include
false positives in benign conditions (e.g., inflammation or
urolithiasis), the requirement of specialized laboratories
and staff, and a long processing time. The manufacturer has
terminated the production of uCyt+ ; therefore, no further
development or research is expected.

The BTA (Polymedco, Cortlandt, NY, USA) and NMP22
assays (Alere, Waltham, MA, USA) are two protein-based
tests approved by the FDA for diagnosis and follow-up.
These tests have a qualitative point-of-care and a quantita-
tive ELISA assay available.

The NMP22 assay (BladderChek) detects NMP22
released by apoptotic cells. The sensitivity of the quanti-
tative approach is 62-75% and specificity is 70-83% [16].
Higher cell apoptosis results in higher levels of NMP22
increasing sensitivity in HG [18].

The BTA test identifies a complement h-related factor in
urine (hCFHrp). The qualitative p-o-c BTA stat tests have
a sensitivity of 58-69% and specificity of 73-81%, while
the quantitative BTA Trak has sensitivity of 54-75% and
specificity of 64-82% [16].

Both assays show a significant susceptibility for benign
conditions such as hematuria, infections, ureteral or
nephrostomy stents [19], limiting their use in screening
and diagnosis. Potential false positives in tests may also
be caused by previous BCG therapy, limiting their use as a
surveillance tool after intravesical therapy. Combining the
quantitative assay and cytology might be a powerful tool

to stratify tumor aggressiveness. Todenhofer et al. [18]
have demonstrated that a positive CYT and NMP22 are
associated with a 20-fold risk for G3/CIS.

Non-FDA-approved markers

Non-FDA-approved assays are predominantly based on
malignant-cell expressed proteins. UBC rapid (point-of-
care) and UBC ELISA detect cytokeratin § and 18, pro-
teins which form part of the cascade for tumor invasion.
The reported sensitivity and specificity (UBC rapid) are
50-59.3% and 82-86.1%, respectively [14]. CYFRA 21-1
is an ELISA assay detecting fragments of cytokeratin 19;
the sensitivity and specificity are 70-90% and 73-86%,
respectively [20]. Data for this assay are limited. BLCA-4
focusses on another member of the nuclear matrix protein
family (sensitivity 93-96%, specificity 97-100%) [21, 22].
The survivin assay investigates a protein in a family of
apoptosis inhibitors. Although Shariat et al. [23] reported
a sensitivity of 64% and specificity of 93%, the potential
of survivin is still unknown.

Further protein-based assays are available: soluble FAS
(sFAS) is an antiapoptotic protein protecting the cancer
cells from anti-tumor activity. ELISA tests are available
for urine and serum. Although data of large prospective
trials are still missing and a standardized procedure needs
to be implemented, available data show an association
between high levels of sFAS and tumor stage > T1, higher
NMP22 levels and positive urine cytology [24].

Hyaluronic acid (HA) is known from other cancer
types; it plays an active role in cell adhesion and prolif-
eration, and promotes tumor metastasis. The correlating
hyaluronidase enzyme (HAase) and HA were evaluated in
patients with NMIBC in a study by Lokeshwar et al. [25]
(sensitivity 91%, specificity 70%).

An important part of genome stability are telomeres
at the end of chromosomes and they are synthesized by
telomerase. Hyperactivity of telomerase protects cancer
cells chromosomes in various tumor entities. For NMIBC
patients, Brems-Eskildsen et al. [26] found a positive asso-
ciation between high levels of telomerase and recurrence;
furthermore, they showed that combination of telomerase
and cytology led to an increased sensitivity.

Summing up, the mentioned non-FDA-approved marker
systems were not able to replace established marker sys-
tems or cystoscopy [27].

@ Springer



1746

World Journal of Urology (2019) 37:1741-1749

Urinary biomarkers for BCG response
prediction

BCG is an important treatment option in patients with high
grade tumors or carcinoma in situ. However, patients with
BCG failure need to be identified early to evaluate the need
of an early cystectomy. Urovysion has been shown to be
able to early identify non-responders to BCG (molecular
non-responders) [1, 28].

BCG efficacy is depending on its ability to induce an
immune response; as a result, cytokine levels are rising.
Based on this, Kamat et al. [29] evaluated the role of 12
urinary cytokines to predict clinical response to BCG.
They developed a—on nine cytokines based—normo-
gram which was able to predict recurrence with 85.5%
accuracy. However, further data to evaluate the potential
of cytokines as early predictor of BCG failure are needed.

Assure MDX, CxBladder and Xpert bladder
cancer tests

New platforms AssureMDx (MDx Health, USA), CxBladder
Assay (Pacific Edge, NZ) or Xpert BC test (Cephaid, USA)
are the product of recent progress in high-throughput tech-
nologies resulting in fast, comprehensive and simultaneous
characterization of molecular, genomic and transcriptomic
aberrations. Through variant analysis, these platforms are
able to detect the presence of disease and to give an idea
of which molecular changes are present in the tumor: an
important step towards personalized therapy [30].
AssureMDx evaluates the DNA methylation of OTX1,
ONECUT?2 and TWIST and mutational load of FGFR3,
TERT and HRAS in cell pellets from centrifuged urine sam-
ples. Van Kessel et al. [31] detect a sensitivity of 97% and
specificity of 83% in 154 patients with gross hematuria. In
a second, multicenter trial, the authors measure a sensitivity
of 93% and a specificity of 86%. The authors see a poten-
tial of reducing unnecessary cystoscopies in patients with
hematuria by 81.7%. This has led to an ongoing multicenter
validation trial in 700 patients. Using a similar approach, the
same group analyzed the methylation status of OTX1 and a
mutation analysis of FGFR3 and TERT without accounting
for other aberrations in 977 patients. The primary diagnosis
sensitivity for LG is 81% and 94% for HG. During surveil-
lance, the sensitivity for LG is 57% and 72% for HG (speci-
ficity LG 59%, HG 55%) [32]. Although these data seem to
be promising and may lead to these assays being used in a
surveillance protocol, further prospective studies are needed.
The CxBladder assay consists of three parts: CxBlad-
derTriage, CxBladderDetect, and CxBladderMonitor using
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gPCR to measure 5 mRNAs (IGFBP5, HOXA13, MDK,
CDK1, CXCR2). To evaluate whether a cystoscopy is
appropriate in patients with hematuria, CxBladderTri-
age creates an individual risk profile by collecting clini-
cal factors (e.g., age, sex, smoking, exposures, character
of hematuria) along with the mRNA analysis. For this
approach, Kavalieris et al. [33] report a 100% HG detec-
tion rate in 587 patients with gross hematuria. O’Sullivan
et al. [34] evaluated CxBladderDetect in 485 patients with
hematuria, with overall sensitivity of 82% (compared to
38% in NMP22 POC, 50% in NMP22 ELISA and 56% for
cytology). Remarkably, sensitivity was significantly higher
for LG as compared to cytology (pTa 68%). The reported
specificity is 85%. The CxBladderMonitor test has been
evaluated in a multicenter study in 803 patients with non-
muscle invasive BC (NMIBC) history, separated into train-
ing (354) and validation cohorts (449). The authors meas-
ure a sensitivity of 93% outperforming all other evaluated
tests across all stages and grades (sensitivity for LG 86%,
HG 95%, NPV 97%) [35]. This marker has the potential to
reduce the frequency of cystoscopies following NMIBC;
however, further data are needed.

Lastly, Xpert Bladder cancer test uses a qRT-PCR to
detect gene expression of CRH, IGF2, UPK1B, ANXA10
and ABLI. In a cohort of 450 patients with hematuria,
Wallace et al. [36] measure an overall sensitivity of 73%
and specificity of 90%. Compared to cystoscopy and cytol-
ogy of NMIBC, Pichler et al. [37] report a significantly
superior overall sensitivity and NPV than cytology (84%
vs 33% and 93% vs 76%, respectively) even in LG and
pTa tumors (sensitivity for LG 77% and pTa 82%) without
reducing specificity (91% vs. 94%).

A 1242 gene-set panel based on qRT-PCR (TagMan®
Arrays), developed by Mengual et al. [38], detects BC and
predicts its aggressiveness. In their analysis of 341 urine
probes from patients with BC and 235 controls, they find
a sensitivity of 98% and specificity of 99% in the differen-
tiation between the two. Prediction of tumor aggressive-
ness has a sensitivity of 79% and specificity of 92%. The
accuracy of the gene set panel on the same cohort is 80%
sensitivity and 86% specificity in discrimination between
BC and controls and 75% for both measurements when
predicting tumor aggressiveness [39]. The authors also
designed four gene signatures which were applied in a pro-
spective international multicenter cohort. These data indi-
cate that the signature from two genes (GS_D?2) is equal or
better to cytology (sensitivity 81.48%, specificity 91.26%)
[40]. For surveillance purposes, mutation and mRNA and
gene methylation tests are promising approaches for the
future and may reduce the frequency of cystoscopies; how-
ever, further data are required.
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cfDNA

Analysis of cfDNA may be key in implementing individu-
alized cancer therapies in the future [41]; by providing real-
time insights of the tumor genome during all stages, making it
valuable for risk assessment and therapy selection. cfDNA is
detected in blood and urine with two analysis options; digital
droplet PCR (ddPCR) has high sensitivity for low-abundance
mutations while NGS spans multiple genes and new variants
[42].

Birkenkamp-Demtdder et al. designed 377 ddPCR probes
for cfDNA in 12 patients with recurrent/progressive BC to
detect tumor DNA levels longitudinally. They demonstrate that
cfDNA is detectable in patients with NMIBC in both urine and
plasma, but not in healthy patients. Furthermore, patients with
progressive disease have significantly higher cfDNA levels
before disease than patients with recurrent disease. One patient
had detectable tumor DNA 1 year before clinical progression
indicating the importance of personalized assay of genomic
variants in monitoring [43].

When personalized ddPCRs of genes with high mutation
rates in BC (specifically FGFR3 and PIK3CA) are analyzed
in two cohorts (NMIBC 363 and MIBC 403 patients (before
cystectomy)), only 36% NMIBC (not all patients had detect-
able ctDNA) and 11% MIBC patients show one or both muta-
tions in their initial tissue sample. In the MIBC cohort, ctDNA
levels are correlated with recurrence and overall survival.
Implementation of further mutations could help to improve
the performance of the approach [44].

To evaluate the use of cfDNA for treatment efficacy and
detection of relapse in 370 liquid biopsies (plasma and urine)
of advanced disease, Birkenkamp-Demtrdder and colleagues
[45] use NGS from primary tumors and personalized ddPCR
assays longitudinally to monitor for recurrence. They demon-
strate that disease-free patients have significantly lower cfDNA
levels compared to patients with metastatic relapse, indicating
that cfDNA analysis detects recurrence earlier than imaging.

These studies are a proof of principle that cfDNA altera-
tions can be used as marker for BC. This approach might also
be valuable for risk stratification (clinical scenario 3): Detec-
tion of cfDNA in plasma or high levels in urine could indicate
the need to switch from intravesical therapy to cystectomy
[42].

cfDNA seems useful for initial disease diagnoses. cfDNA
data for BC are still limited and larger studies are required
[41, 46].

Conclusion

This review addresses whether urine markers could replace
cystoscopy and which low-risk diagnostic approaches may
reduce cystoscopies. In the past, studies have focused on
the potential for individual markers to replace the gold
standard (urine cytology and cystoscopy). However, the
FDA-approved assays show a lack of evidence which
would lead to the recommendation to replace the gold
standard for diagnosis and surveillance of NMIBC.

Newer commercialized assays for assessing RNA or
DNA variants (e.g., Assure MDx or CxBladder Assay)
are attractive by providing additional information that
cannot be achieved by standard practices. Due to their
non-invasive approach in the molecular characterization
of alterations, they might enable a reliable risk stratifica-
tion of tumors because they identify individual molecular
features. On the other hand, it has to be addressed that the
none-commercialized marker assays are not yet ready for
a broader clinical application outside academic settings.

Based on these data, urinary markers could change
follow-up strategies:

In nonaggressive tumors with no mutations, the sur-
veillance strategy could switch from cystoscopy-based to
marker- and sonography-based. In aggressive tumors with
a high number of mutations, urinary markers could indi-
cate the need to switch from receiving intravesical therapy
to an early cystectomy.

In diagnoses, urinary markers could raise the investiga-
tor’s awareness during cystoscopy.

Next-generation biomarker assays are promising
because they enhance the diagnostic quality by providing
additional molecular information not yet achieved. Iden-
tification and follow-up of individual mutations might be
the future of individualized care in BC.
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