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Abstract

Background: Genetic biomarkers are a promising and growing field in the management of bladder cancer in all
stages. The aim of this paper is to understand the role of genetic urinary biomarkers in the follow up of patients
with non muscle invasive bladder cancer where there is increasing evidence that they can play a role in avoiding
invasive techniques.

Methods: Following PRISMA criteria, we have performed a systematic review. The search yielded 164 unique
articles, of which 21 articles were included involving a total of 7261 patients. Sixteen of the articles were DNA based
biomarkers, analyzing different methylations, microsatellite aberrations and gene mutations. Five articles studied the
role of RNA based biomarkers, based on measuring levels of different combinations of mRNA. QUADAS?2 critical
evaluation of each paper has been reported.

Results: There are not randomized control trials comparing any biomarker with the gold standard follow-up, and
the level of evidence is 2B in almost all the studies. Negative predictive value varies between 55 and 98.5%, being
superior in RNA based biomarkers.

Conclusions: Although cystoscopy and cytology are the gold standard for non muscle invasive bladder cancer
surveillance, genetic urinary biomarkers are a promising tool to avoid invasive explorations to the patients with a
safe profile of similar sensitivity and negative predictive value. The accuracy that genetic biomarkers can offer
should be taken into account to modify the paradigm of surveillance in non muscle invasive bladder cancer
patients, especially in high-risk ones where many invasive explorations are recommended and biomarkers
experiment better results.
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Background

Bladder cancer (BC) is the fifth most common neo-
plasm worldwide, with more than 54,000 new cases
estimated per year in the United States alone [1] . BC
is a heterogeneous tumour that is associated with
very high economic costs and a substantial impact on
patients’ quality of life owing to its characteristically
high risk of recurrence and the complexity of follow
up [2]. Guidelines from the European Association of
Urology (EAU) and the American Urological Associ-
ation (AUA) suggest a combination of cystoscopy,
cytology and imaging for the surveillance of patients
with non-muscle invasive bladder cancer (NMIBC) [3,
4]. Cystoscopy is an invasive procedure that carries
the risks of painful micturition, urinary frequency and
macroscopic haematuria of 50, 37 and 19%, respect-
ively [5], while cytology has a very low sensitivity, es-
pecially for low-grade tumours [6, 7] .

For this reason there has been an increase in re-
search over the past years into urinary biomarkers for
the three scenarios of haematuria, diagnosis and sur-
veillance. The role of these new tests is to increase
the sensitivity and the specificity of the available
gold-standard techniques, while sparing the patient
the discomfort of an invasive test and its potential
complications. Although many types of urinary bio-
markers have been investigated, biomarkers that use
genetic materials such as DNA and RNA seem to be
the most promising due to their potential to identify
a genetic signature. Such a signature would not only
prove useful in disease detection and follow-up but
also in the facilitation of more precise treatment by
avoiding unhelpful therapies that may delay the best
oncological pathway.

The field of urinary biomarker research in BC is fo-
cused on balancing a non-invasive, safe method with a
cost-effective strategy that can be used to improve the
sensitivity of bladder tumour detection in the initial
phase of the disease and during patient follow-up, com-
pared with the current gold standard.

Selecting a biomarker must be based on the given
scenario and follow the principles of the inter-
national guidelines [8, 9] . The current literature
clearly differentiates between different biomarker
tests and characteristics depending on whether the
BC is low or high risk. For low-risk tumours,
marker-guided testing of lesions is suggested to de-
tect possible progression to high-risk tumours. For
high-risk tumours, however, where early detection is
the main objective, selection of high-sensitivity bio-
markers is recommended [9].

The aim of this study is to analyse the current litera-
ture for the use of genetic urinary biomarkers in the sur-
veillance of NMIBC.
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Methods

FLP performed a bibliographic search of Medline
(http://www.ncbi.nlm.nih.gov), Embase (http://www.
embase.com) and the Cochrane library (http://www.
cochrane.org) up to March 2020. MeSH terms used were
Bladder cancer AND surveillance AND biomarkers
AND DNA OR RNA OR methylation, yielding 2241 arti-
cles. After that, two authors (FLP and CXR) screened all
published original articles appearing in the above search
for eligibility. Studies using genetic urinary biomarkers
for surveillance in non muscle invasive bladder cancer in
humans were selected. Studies were excluded if they
were not original research papers, used a language other
than English, had less than 20 patients or did not report
biomarker performance in terms of sensitivity, specifi-
city, or area under the curve (AUC); or reported the per-
formance of genetic markers only in combination with
other factors (clinical data or non genetic biomarkers),
yielding 164 articles.

After applying the PRISMA (Preferred Reporting Items
for Systematic Reviews and Meta-analyses) criteria nar-
rowed this down to 21 original articles (Fig. 1).

After reviewing each of the selected articles using the
REMARK checklist [10], we designed a QUADAS-2
table to evaluate each study’s risk of bias and quality
(Fig. 2). The main bias observed was reference to the
index test. Although we identified a 50% risk of bias,
most of the articles reviewed met most of the QUADAS-
2 criteria [11], using the four considerations (patient se-
lection, index, reference and flux and timming) which
suggested that the studies were of moderately high
quality.

We have also used the SWIM (Synthesis without
meta-analysis) reporting guideline [12] to clarify the
reporting methodology of the article (Fig. 3). The
evidence was reported in terms of sensitivity and
specificity for each biomarker (for low grade and
high grade tumors in case of studies that indicated
that subestratification). Area under de curve has
been informed in eleven of the seventeen studies.
We have also reported negative and positive predict-
ive value of the markers. Recurrence rate has been
calculated using the positive cases (positive path-
ology) and the total number of samples. We have
prioritized articles identified as low risk of bias
based on QUADAS-2 table to draw the conclusions
of this review. We have also performed exploratory
analyses to determine whether different study char-
acteristics varied the effects of the interventions. Al-
most all the studies accepted as confirmed positive
case if there is a pathology report. Some studies gen-
erate artificial cohort. We examined whether this dif-
ferent type of targeted behaviour modified, on
average, the effect of the interventions.


http://www.ncbi.nlm.nih.gov
http://www.embase.com
http://www.embase.com
http://www.cochrane.org
http://www.cochrane.org
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Fig. 1 Flow chart following PRISMA criteria

Results

In order to obtain a practical and visual description of
the different studies, we divided the biomarkers by
method into DNA-based (Table 1) and RNA-based
(Table 2) tests.

DNA tests (Table 1)

DNA tests used for surveillance are based on microsatel-
lite analysis (MA). They are employed to detect loss of
heterozygosity, gene methylation levels and gene muta-
tions in cells collected from urine.

Microsatellite markers are highly polymorphic tandem
repeat DNA sequences distributed throughout the gen-
ome and easily amplifiable by standard polymerase chain
reaction [34] . Rouprét et al. [13] compared this bio-
marker with methylation biomarkers in a comparative
cohort study of 40 patients. In this study, MA appeared

to yield better results for detecting recurrences (AUC
0.81 vs 0.44). When a Bayesian network analysis was
performed that combined variables and biomarkers, the
panel of markers generated a sensitivity of 85% and a
specificity of 86%. Van der Aa et al. [14] designed a mul-
ticentre study to evaluate the clinical utility of MA in
low-grade tumours in combination with FGFR3 muta-
tions described previously [35]. The sensitivity in this
study was 58% and the specificity 73%, with a negative
predictive value of 94%.

DNA methylation has been recognized to be important
in the developmental biology and cancer aetiology of
many neoplasms [36—38]. DNA methylation is an epi-
genetic marker that mainly affects CpG dinucleotides.
These dinucleotides are distributed throughout the gen-
ome and usually have a normal methylation status.
Hypermethylation of CpG dinucleotides in the promoter
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Synthesis Without Meta-analysis (SWiM) reporting items

The citation for the Synthesis Without Meta-analysis explanation and elaboration article is: Campbell M, McKenzie JE, Sowden A, Katikireddi SV, Brennan
SE, Ellis S, Hartmann-Boyce J, Ryan R, Shepperd S, Thomas J, Welch V, Thomson H. Synthesis without meta-analysis (SWiM) in systematic reviews: reporting
guideline BMJ 2020;368:16890 http://dx.doi.org/10.1136/bmj.I6890

SWiM is intended to complement and be used as an extension to PRISMA

SWiM reporting | Item description Page in manuscript Other*
item where item is reported
Methods
1 Grouping 1a) Provide a description of, and rationale for, the groups used in the synthesis (e.g., groupings of 3
studies for populations, interventions, outcomes, study design)
synthesis

1b) Detail and provide rationale for any changes made subsequent to the protocol in the groups -

used in the synthesis
2 Describe the Describe the standardised metric for each outcome. Explain why the metric(s) was chosen, and 3
standardised describe any methods used to transform the intervention effects, as reported in the study, to the
metric and standardised metric, citing any methodological guidance consulted
transformation
methods used
3 Describe the Describe and justify the methods used to synthesise the effects for each outcome when it was not -
synthesis possible to undertake a meta-analysis of effect estimates
methods
4 Criteria used Where applicable, provide the criteria used, with supporting justification, to select the particular 3
to prioritise studies, or a particular study, for the main synthesis or to draw conclusions from the synthesis (e.g.,
results for based on study design, risk of bias assessments, directness in relation to the review question)
summary and
synthesis
SWiM reporting | Item description Page in manuscript Other*

item

where item is reported

the synthesis

5 Investigation State the method(s) used to examine heterogeneity in reported effects when it was not possible to 3
of undertake a meta-analysis of effect estimates and its extensions to investigate heterogeneity
heterogeneity in
reported effects
6 Certainty of Describe the methods used to assess certainty of the synthesis findings 3
evidence
7 Data Describe the graphical and tabular methods used to present the effects (e.g., tables, forest plots, 4
presentation harvest plots).
methods
Specify key study characteristics (e.g., study design, risk of bias) used to order the studies, in the text
and any tables or graphs, clearly referencing the studies included
Results
8 Reporting For each comparison and outcome, provide a description of the synthesised findings, and the 4-6
results certainty of the findings. Describe the result in language that is consistent with the question the
synthesis addresses, and indicate which studies contribute to the synthesis
Discussion
9 Limitations of | Report the limitations of the synthesis methods used and/or the groupings used in the synthesis, 6-7

and how these affect the conclusions that can be drawn in relation to the original review question

PRISMA=Preferred Reporting Items for Systematic Reviews and Meta-Analyses.
*|f the information is not provided in the systematic review, give details of where this information is available (e.g., protocol, other published papers
(provide citation details), or website (provide the URL)).

Fig. 3 Synthesis Without Meta-analysis (SWiM) reporting items
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Table 1 DNA based biomarkers used in follow-up for non muscle invasive bladder cancer patients

Reference Patients/  Recurrence rate Sensitivity(%) Specificity(%) NPV PPV AUC Method Markers
samples (%) (%)
Roupret et al 2008  40/40 38% 80 68 (microsat) 0.81 DNA Microsatellite® vs
[13] (microsatellite) 8 (methyl) (microsat) PCR methylationb
86 86 044
(methylation) (combination) (methyl)
85
(combination)
Van der Aa et al 228/815  103% 58 73 94 61-  NA DNA Microsatellite +
2009 [14] 77 PCR FGFR3 mutation
Zuiverloon et al 134/463  9.7% 58 NA 89 25 NA DNA FGFR3 mutations®
2010 [15] PCR
Reinert et al 2012 158/206 674% 87-94 28-47 55-78 72- 068-0.78 DNA Methylation d
[16] 78 PCR
Zuiverloon et al NA/94 69.1% 723 55.2 NA NA  NA DNA Methylation genes
2012 [17] PCR APC_a, TERT a,
TER _b ,EDNRB
Allory et al 2013 194/395 44 8% 19(FGFR3) 73 (TERT) NA NA  NA DNA Gene mutations
[18] 42(TERT) 90(FGFR3) PCR (TERT and FGFR3)
50(FGFR3+TERT) 71(FGFR3+TERT)
Abern et al 2014 1M11/111 21.6% 75-79 63-71 92 37- 074 DNA Methylation genes
[19] 42 (TWIST1)  PCR TWIST1, NID2
0.68
(NID2)
Su et al 2014 [20]  90/368 37.7% 80 97 NA  NA 095 DNA Hyper and hypomethylated
PCR genes (SOXT1, IRAK3, L1-MET)
Fantony et al 2015 126/126  25% 58-67 61-69 83-85 36- 066 DNA Methylation genes TWIST1,
[21] 38 (TWIST1)  PCR NID2
0.63
(NID2)
Beukers et al 2016 NA/2191  64% 57 (LG) 59% LG NA NA  NA DNA FGFR3 mutation, TERT
221 72 (HG) PCR mutation and OTX1
methylation
Roperch et al 2016 158/613 45.5% 94.5 759 985 NA 082 DNA FGFR3 mutation
[23] 96 (HG) PCR +DNA methylation
HS3ST2, SLIT2 and SEPTIN9
Van der Heijden NA/458 37.7% 90 31 82 50 0.74 DNA DNA gene Methylation
et al 2018 [24] PCR (CFTR, SALL3, TWIST1)
Witjes et al 2018 353/353  13% 68.2 88 951 448 082 DNA 15 DNA methylation genes
[25] 926 (HG) 99.3( PCR (Epicheck®)
HG)
Springer et al 2018 322/322  58% 68 80 NA  NA NA DNA 10 gen mutations® plus
[26] 71 (HG) PCR detection of aneuploidy
(UroSEEK®)
D'Andrea et al 357/357  13.7% 67.3 88 94 47 859 DNA 15 DNA methylation
2019 [27] 88.9 (HG) 88(HG) 99 30 PCR genes (Epicheck®)
(HG)  (HG)
Batista et a/ 2019 122/122  28% 735 732 NA  NA NA DNA TERT promoter and
[28] PCR FGFR3 mutations

(Uromonitor®)

LG low grade, HG high grade, NA not allowed

2FGA (4928), D45171(4935)), 5 (ACTBP2(5q14)), 9 (D9S162 (9p), IFNA (9p21)), 14 (MJD52(14932)), 16 (D165310 (16g21)) and 18 (D18S51 (18g21), MBP (18qter).
P(RASSF1a (3p21.3),E-cadherin (16G22.1), APC (5q21), DAPK (9g22.1), MGMT (10q26), BCL2 (18g21.33), h-TERT (5p15.33), EDNRB (13q22), WIF-1 (12q14.3), TNFRSF25
(1p36.31), IGFBP3 (7p13))

“R248C and S249C (exon 7); G372C,S373C, Y375C, G382R, and A393E (exon 10); and K652M, K652T, K652E, and K652Q (exon 15)

dEOMES, HOXA9, POU4F2, TWIST1, VIM, ZNF154

®FGFR3, TP53, CDKN2A, ERBB2, HRAS, KRAS, PIK3CA, MET, VHL, MLL and TERT promoter.
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Table 2 RNA based biomarkers used in follow-up for non muscle invasive bladder cancer patients

Reference Patients/samples  Recurrence rate Sensitivity Specificity NPV PPV AUC Method Markers
Sapre et al 2016 [29] 131/131 NA 88 48 75 63 074 miRNA PCR 6 MIRNA signature®
Kavalieris et al 2017 [30] 736/1036 15.1% 92 NA 96 NA 0.73 mRNA PCR 5 genes mRNA expression
(Cx Bladder Monitor® )°
Lotan et al 2017 [31] 748/1016 14.8% 91 NA 96 NA  NA  mRNA PCR 5 genes mRNA expression
95 (HG) (Cx Bladder Monitor® )° vs
NMP22 ELISA vs NMP22
BladderChek
Pilcher et al 2018 [32] 140/155 30.7% 84 1 93 72 087 mRNART-PCR  ABLT, CRH, IGF2, UPK1B,
100 (HG) ANXAT10 (Xpert Bladder
Cancer Monitor®)
Wallace et al 2018 [33]  370/370 13.2% 73 77 92 44 087 mRNA RT-gPCR ABL1, CRH, IGF2, ANXA10,
83 (HG) UPK1B (Xpert Bladder

Cancer Monitor®)

HG high grade, NA not allowed
“miR16, miR200c, miR205, miR21, miR221 and miR34a
PIGFBPS, HOXA13, MDK, CDK1, CXCR2

regions of tumour suppressor genes can repress their
transcription in human cells [39, 40]. Methylation status
is one of the most studied biomarkers in the follow-up
scenario because it is both chemically stable and quanti-
fiable [41]. Zuiverloon et al. [17] developed a retrospect-
ive four-step test, selecting methylation of the APC_a,
TERT a, TER b and EDNRB genes as the combination
providing a higher sensitivity and specificity (63.3 and
58.3%, respectively) than other combinations investi-
gated in this study. Based on their previous study [42],
Reinert et al. evaluated the methylation of EOMES,
HOXA9, POU4F2, TWIST1, VIM and ZNF154. Their
study consisted of a first step, validating the markers and
establishing the cut-off levels, and a second step in the
surveillance scenario excluding those patients who
showed no aberrant methylation of their tumour marker
genes. The authors reported a sensitivity of between 87
and 94% and a specificity ranging from 43 to 67%. Com-
bining the different biomarkers did not improve the ac-
curacy of the test [16]. Su et al. [20] tested six DNA
methylation markers before building a model with
SOX1, IRAK3 and LI-MET as the best combination to
detect recurrences. Using this model they obtaining a
sensitivity of 80% and a very high specificity of 97%.
Roperch et al. [23] combined four different FGFR3 mu-
tations and eighteen methylation markers based on the
literature [43, 44]. Finally, they selected three of these
markers (the genes HS3ST2, SLIT2 and SEPTINY) for
combination with the FGFR3 mutations in a logistic re-
gression model, obtaining a sensitivity of 94.5% (96% in
high-grade tumours) and a specificity of 75.9%. Van der
Heijden et al. [24] evaluated seven selected genes that
are found at significantly increased levels in the urine
sediment from patients with BC. After testing a training
set, they selected the CFTR, SALL3 and TWISTI genes
for validation in a large series (458 samples) and ob-
tained a sensitivity of 90% (96% in combination with

cytology). Witjes et al. [25] evaluated a combination of
15 methylated genes (Epicheck®), obtaining a sensitivity
of 68.2% (92.6% for high-grade tumours) and a specifi-
city of 88%. D’Andrea et al. [27] published another mul-
ticentric and independent study using the same test,
supporting the sensitivity (67.3, 88.9% for high grade)
and specificity (88%) described in the previous publica-
tion by Witjes. Abern [19] studied the role of two meth-
ylated genes, TWIST1 and NID2 based on Renard work
[45] due to their high sensitivity and specificity for
urothelial carcinoma. They observed that TWIST1
methylation had better AUA than NID2 or the combin-
ation of both genes. They also showed that adjusting the
thresholds, the test had a sensitivity and specificity of 75
and 71%, respectively. Fantony et al. [21] published a
more recent multi-institutional study using the same
methylated genes, obtaining similar conclusions and re-
sults of sensitivity (58—67%) and specificity (61-69%). In
this paper, prior BCG treatment for NMIBC reduced the
accuracy of the test.

Many of the gene mutations investigated are related to
the carcinogenesis of urothelial carcinomas, which are
among the most heterogeneous tumours [46]. One of
the most studied among these genes is fibroblast growth
factor receptor 3 (FGFR3), mutations of which are found
in almost 80% of the low-grade tumours and associated
with a good prognosis [35, 47].

Zuiverloon et al. [15] evaluated this marker in non-
high grade tumours, achieving a sensitivity of 58%. Beu-
kers et al. [22] combined FGFR3 mutation with TERT
mutation and OTXI gene methylation in a large pro-
spective European cohort study, obtaining a sensitivity
of 57% for low-grade and 72% for high-grade BC. Allory
investigated the role of telomerase reverse transcriptase
(TERT) promoter mutations, frequently founded in
many other non urothelial tumors [48] in combination
with FGFR3 mutation [18]. This study showed that
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combination of TERT and FGFR3 has higher sensitivity
(50%) than TERT or FGFR3 individually. Moreover,
FGEFR3 had higher specificity than TERT mutation.

In a more recent multicentric study, Batista et al.
[48] have developed a biomarker based on two TERT
mutations (c. 1-124C>T and c.1-146C>T) plus
FGFR3 (p.R248C and p.S249C) hotspot mutations.
After a technical validation of the test, they achieved
a73.5% of sensitivity and 93.2% of specificity.
Springer et al. [26] have also analyzed mutations in
TERT promoter, mutations in FGFR3 in combination
with other nine gen mutations (TP53, CDKN2A,
ERBB2, HRAS, KRAS, PIK3CA, MET, VHL, MLL)
plus detection of aneuploidy,an abnormal chromo-
some number, that has been estimated to be present
in >90% of the cancer of most histopathologic types
[49]. They found that this combination could detect
recurrences with a sensitivity of 68% and a specifi-
city of 80%.

RNA tests (Table 2)
RNA biomarkers are less well studied in the field of BC
surveillance.

MicroRNAs (miRNAs) are B22-nucleotide long,
single-stranded, non-coding RNAs that bind to comple-
mentary ‘seed’ regions found in the 30-untranslated re-
gion of particular messenger RNA (mRNA) species.
MiRNAs can modulate the expression of their mRNA
targets and are involved in many physiological processes,
but also in carcinogenesis [50]. Sapre et al. [29] evalu-
ated a 12-miRNA-panel test, with the aim of selecting
the minimum number of miRNAs necessary to achieve
an accurate prediction. They found that a selection of
six miRNAs (miR16, miR200c, miR205, miR21, miR221
and miR34a) provided a sensitivity of 88% and a specifi-
city of 48%.

Kavalieris et al. [30] and Lotan et al. [31] tested a com-
bination of five mRNAs (IGFBP5, HOXA13, MDK,
CDK1, CXCR2), commercially available under the brand
name Cx Bladder Monitor®, and reported highly consist-
ent results for the evaluation of the mRNA expression
from the five genes. The studies included a scoring sys-
tem, based on variables such as previous tumour status
(primary or recurrent) and time since previous tumour
in years, to classify the test as positive or negative. The
authors reported sensitivities between 91 and 92% (95%
in high-grade tumours) and a negative predictive value
of 96%.

Wallace et al. [33] and Pichler et al. [32] tested the
Xpert BC Monitor®, a commercial kit that measures five
target mRNAs (ABLI, CRH, IGF2, UPK1B, ANXA10), in
a population of 510 patients and obtained sensitivities
between 73 and 84% (100% in high-grade tumours) and
a negative predictive value of 92-93%. They also
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confirmed that cytology did not enhance diagnostic
accuracy.

Discussion

Biomarker investigation is a growing field in the man-
agement of NMIBC. Many of the investigations are used
in different scenarios: diagnosis, surveillance, and risk
stratification of patients with NMIBC. Although many
molecular marker tests have been developed to improve
diagnostic and surveillance accuracy, with some having
been approved by the US Food and Drug Administra-
tion, none of the currently available tests have been ac-
cepted or incorporated into the follow-up algorithms
described in the guidelines [51].

Biomarkers can be divided into cellular, protein and
genetic markers. The latter are the most recent and, in
contrast to cytology, have the advantages of being reli-
able, easy to perform, and objective.

In fact, they perform significantly better in BC because
thousands of genetic changes can be detected accurately
and simultaneously compared with the lower-
throughput protein-based biomarkers. As aberrant DNA
methylation also occurs in non-malignant tissue it is not
pathognomonic of malignancy and genetic methylation
cannot be used to distinguish between cancer cells and
other pre- or non-neoplastic cells [52]. However, this
genetic biomarker has the benefits of always occurring
in the same DNA location and chemical stability which
make it easier to detect than gene mutations.

Protein-based and cell-based biomarkers are also more
likely to be affected by benign conditions such as infec-
tion, inflammation and bladder treatments.

To date the gold standard for these cases, as out-
lined in the guidelines, is to use cystoscopy and cy-
tology. Cystoscopy is an invasive procedure that may
be associated with pain and discomfort [5]. More-
over, cystoscopy does not detect all lesions and is
subject to the experience of the urologist or nurse
[53]. Voided urine cytology needs trained cytopathol-
ogists and has the potential for inter-observer
variability.

Researchers who are developing urinary biomarkers
are looking for high sensitivity and a high negative pre-
dictive value. This profile is of special interest in the
follow-up scenario because the aim of these tests is to
reduce the number of cystoscopies by alternating the
procedures, rather than avoiding cystoscopy altogether.
Thus, cystoscopy will only be performed when the urine
test is positive (urine-first strategy).

One of the major limitations of the use of DNA- or
mRNA-based techniques is the difficulty in obtaining
sufficiently large quantities of high-quality RNA from
voided urine. In terms of monitoring, another limitation
of non-invasive urine biomarkers is their low sensitivity,
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particularly for early-stage and low-grade tumours that
account for a significant proportion of recurrences.

Almost all the studies had a high percentage of ‘false’-
positive urine tests for the detection of concomitant
recurrences, resulting in low specificity. In many articles,
the authors justified these percentages with the well-
known phenomenon of the anticipatory effect, i.e. the
urine test detects recurrent tumours earlier than cystos-
copy. It is accepted in the literature that anticipatory
detection would include recurrences that occur within
the next 18 months after a positive biomarker test [54].
In any case, performing a cystoscopy because of a false
positive is more acceptable than missing a tumour be-
cause of a false negative.

Other limitations of the studies included in this review
are the retrospective nature of some of the cohorts used
for the outcome analysis, artificial oversampling of the
recurrence rate by recruiting patients scheduled for
transurethral resection of a proven bladder tumour, and
using the same population for the training and the valid-
ation sets, which increases the possibility that the per-
formance of the biomarker may be artificially inflated
due to over-fitting.

In this review, most of the biomarker tests are dichot-
omous, providing either positive (tumour detected) or
negative (no tumour) test results. However, giving a nu-
merical prediction of the probability of a recurrent
tumour may be more helpful to urologists in terms of
their decision-making.

Moreover, there is a lack of uniformity in the design of
the studies. Some of the works describe surveillance pro-
grams but they create the cohorts. Many of the bio-
markers tested need clinical information to complete an
algorithm and vyield a positive or negative result, which
increases subjectivity and decreases the homogeneity of
results.

The main limitations were the lack of randomized
control trials and the diverse study outcomes, which
made meta-analysis impossible to perform. Comparison
between sensitivity and specificity of different bio-
markers may generate a bias due to the different inci-
dence and different cohort.

Literature lacks of direct comparison between urinary
biomarkers and gold standard maybe due to commercial
interests.

Conclusion
BC is one of the most expensive tumours due to its high
recurrence rate and the costs of the follow-up protocols.
This is the reason why there is an increased interest in
biomarkers, in order to reduce the number of explora-
tory investigations and improve the quality of life of pa-
tients with BC. In this review, there are some genetic
biomarkers with higher negative predictive value and
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sensitivity, especially for high-grade tumours, compared
to the gold standard. European and US guidelines still
recommend cystoscopy and cytology for follow-up. Gen-
etic urinary biomarkers are a very heterogeneous group
of test that nowadays cannot replace the standard path-
way of surveillance with cystoscopy and cytology. Al-
though there are some ongoing clinical trials comparing
both options, there is no level 1 evidence to support
their recommendation instead of the gold standard.
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