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Abstract
Successful treatment of non-muscle invasive bladder cancer (NMIBC) relies heavily on our ability to accurately detect 
disease typically in the presence of hematuria as well as to detect the early recurrent tumors in patients with a history of 
NMIBC. Unfortunately, the current biomarker landscape for NMIBC is a work in progress. Cystoscopy continues to be the 
gold standard, but can still miss 10% of tumors. Therefore, physicians frequently use additional tools to aid in the diagnosis 
of bladder cancer, such as urinary cytology. The urinary cytology is a good option for high-grade disease; however, it is 
limited by low sensitivity in detecting low-grade disease, as well as variable interpretation among cytopathologists. Thus, 
the limitations of cystoscopy and urinary cytology have brought to light the need for more robust diagnostic assays. In this 
non-systematic review, we discuss the performance, potential advantages or disadvantages of these tests, and the future 
direction of biomarkers in NMIBC.
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Introduction

Successful treatment of non-muscle invasive bladder cancer 
(NMIBC) relies heavily on our ability to accurately detect 
disease, typically in the presence of hematuria, in addition to 
the early detection of recurrent tumors in patients with a his-
tory of NMIBC. The current accepted standard for bladder 
cancer (BCa) detection is cystoscopy, which has withstood 
the test of time, and continues to be the gold standard. Cys-
toscopy has a sensitivity of 85–90%, and can miss 10% of 
papillary tumors [1]. For this reason, physicians frequently 
use ancillary tests to aid in the diagnosis of BCa, includ-
ing urine-based assays. One example is urinary cytology, 
which is a good option for high-grade disease; however, it 
performs poorly in low-grade disease, and there is variable 

interpretation among cytopathologists. Furthermore, patients 
undergoing tumor surveillance require repeat cystoscopy, 
which may still miss tumors requiring adaptation of newer 
cystoscopic techniques with fluorescent light or narrow band 
imaging [2, 3]. These concerns have led to the development 
of urine- and blood-based biomarkers for NMIBC to offset 
some of the issues with the current standard, albeit with 
mixed results. These tests are wide ranging and include the 
measurement of soluble proteins in the urine such as bladder 
tumor-associated antigen (BTA), proteins detected on fixed 
urothelial cells (ImmunoCyt), chromosomal abnormalities 
detected by fluorescence in situ hybridization (UroVysion), 
or genetic-based blood tests that detect DNA or RNA abnor-
malities. Despite the current availability of these markers, 
however, their modest performance, limited added diagnos-
tic value, increased cost, and lack of an accurately defined 
role in the course BCa diagnosis and treatment timeline 
have limited widespread use [4, 5]. As such, there is still a 
continued need for the further development and validation 
of biomarkers for this disease space [6]. In this review, we 
discuss the performance, potential advantages or disadvan-
tages of these tests, and the future direction of biomarkers 
in NMIBC.
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Methods

We performed a non-systematic review of the literature 
using PubMed search for keywords “biomarkers bladder 
cancer,” “urothelial biomarkers,” and “urinary biomarkers 
bladder cancer.” The results were reviewed by the authors, 
and studies were eliminated by title and abstract review. We 
subsequently identified the most relevant studies, which 
included original studies, and systematic reviews discuss-
ing urinary and blood-based markers. We also identified the 
other studies by reviewing the reference list of key articles.

Current markers

Urine cytology

Urine cytology was first introduced into practice in 1945 
by Papanicolaou and Marshall and continues to be the 
gold-standard urine-based test for the detection of BCa, 
primarily in conjunction with cystoscopy [7]. In a recent 
meta-analysis, the pooled sensitivity and specificity was 
reported as 0.37 (95% CI 0.35–0.39) and 0.95 (95% CI 
0.94–0.95), respectively [8]. Other reports indicate a sen-
sitivity of 84% in high-grade tumors, but low sensitivity in 
low-grade tumors (16%) [9]. Cytology is listed in American 
Urologic Association (AUA) guidelines in the evaluation of 
patients with hematuria; however, only approximately 10% 
of hematuria patients undergo cytologic evaluation, suggest-
ing that underutilization of cytology may be linked to its 
limited sensitivity [10]. The primary advantages of this test 
are its ease of use and high-specificity (mainly high-grade 
tumors). Furthermore, as a pathologic test, it is not affected 
by biochemical changes and clinical confounders such as 
hematuria. The disadvantages are variable interpretation 
among cytopathologists, however, with continued effort 
to standardize the approach to diagnosis and nomenclature 
among interpreters may, perhaps, decrease this variability 
[11]. Furthermore, specimens frequently have low cellular 
yield, and may be affected by urinary tract infections, stones, 
or previous intravesical therapies.

FDA approved biomarkers

BTA  The BTA test (Polymedco Inc., Cortlandt Manor, NY, 
USA) is currently FDA approved and is available as an 
immunochromatographic, qualitative point-of-care assay 
(BTA stat), which uses monoclonal antibodies to identify 
human complement factor H-related protein. BTA TRAK is 
a quantitative ELISA test that measures the human comple-
ment factor H (cFH)-related protein. Factor H is a protein 
that acts as a cofactor for factor I-mediated cleavage of C3b 

in the in the alternative pathway of complement inhibition 
and complement mediated killing [12]. The ease of use and 
the availability of a point-of-care assay make it an attrac-
tive marker. The performance of these tests in diagnosing 
BCa has been shown to have a sensitivity ranging between 
57 and 83% and a specificity of 60 and 92%, which can be 
severely affected by other urologic conditions such as uri-
nary tract infections, stones, benign prostatic hypertrophy, 
and indwelling catheters or stents. The main reason is that 
factor H is present in high quantities in the blood; therefore, 
any condition that may cause hematuria will yield to sig-
nificant false-positive results [13]. Another consideration is 
that the source of the BTA may not be directly from blad-
der tumor tissue. This is mainly due to the fact that large 
soluble glycoproteins of the factor H family are produced 
and secreted into the serum by Kupffer cells, hepatocytes, 
vascular endothelial cells, and platelets [14]. Therefore, due 
to the significant false-positive results and highly variable 
sensitivity, the routine use of this test is not recommended.

Nuclear matrix protein 22  NMP22 plays a role in cancer 
cell proliferation due to its involvement in DNA replica-
tion, transcription, and splicing, which are important for 
mitosis and cell division, and is found in the urine as 
result of shedding from cancer cells that have undergone 
apoptosis [15]. Urinary NMP22 can be detected by an 
FDA approved point-of-care test (BladderChek), which is 
an immunochromatographic assay, as well as quantitative 
immunoabsorbent ELISA (Matritech Inc., Newton, MA, 
USA). The former test is currently approved for diagno-
sis, and the latter for diagnosis as well as surveillance. 
These tests perform relatively well, are easy to use, low 
cost, and easily interpretable. Overall, the sensitivity of 
both tests ranges between 49 and 91% and a specificity 
of 40 and 88% [16]. The studies evaluating this test have 
shown that this assay has a better sensitivity compared 
with cytology, especially in detecting low-grade tumors, 
but has inferior specificity. In a study by Grossman et al. 
evaluating 1300 patients at risk for BCa who underwent 
the BladderChek NMP22 test, they found a sensitivity of 
56%, compared with 16% for cytology, with a specificity 
of 86% compared with 99% for cytology [17]. In addition, 
when incorporating BladderChek with cystoscopy and 
cytology, the predictive accuracy of BCa was 80% [18]. 
As in BTA tests, false-positive results do occur in patients 
with urologic conditions that increase the rate of cellular 
turnover and apoptosis such as age, smoking, infection, 
stones, or instrumentation or even the presence of leuko-
cytes or nucleated cells [19]. This test may be useful in 
the surveillance setting to help decide on a delayed vs. 
immediate cystoscopy in patients with negative cytology 
and a history of BCa [20].
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ImmunoCyt/uCyt+  The ImmunoCyt/uCyt+ test (Sci-
medx Corp, Denville, NJ, USA) is used primarily in the 
surveillance setting and as an adjunct to cytology. The 
assay functions as an immunocytological test that detects 
the fluorescence of monoclonal antibodies targeting high-
molecular-weight form of carcinoembryonic antigen as well 
as bladder tumor cell-associated mucins [21]. This assay 
requires a cytopathologist examination of a large number 
of exfoliated cells and subsequently scores the findings 
with ≥ 1 red or green cells are observed. This lends itself to 
interobserver variability, as well as handling and process-
ing variability which can be a major drawback. However, it 
performs reasonably well with reported overall sensitivity 
and specificity of 50–100% and 69–79%, respectively [9]. 
A recent study showed that ImmunoCyt/uCyt+ may also be 
used in the diagnostic setting, suggesting that when included 
in a predictive model, it achieved a predictive accuracy of 
91% for the diagnosis of BCa [22]. In a study analyzing over 
7000 ImmunoCyt and cytology tests, the authors report a 
combined sensitivity of 73% and 73% sensitivity, essentially 
showing an improved sensitivity for both tests while better 
specificity for cytology alone (98%) [23].

UroVysion fluorescence in  situ hybridization (FISH) 
assay  UroVysion (Abbott Molecular Inc., Des Plaines, IL, 
USA) uses the classical FISH technology to detect ane-
uploidy in chromosomes 3, 7, and 17, and the loss of the 
9p21 locus in urothelial cells. This test is currently approved 
for diagnosis or surveillance of BCa and is meant to be an 
adjunct to cystoscopy and cytology. The interpretation of 
the test requires specialized equipment and personnel; how-
ever, studies have shown superior sensitivity compared with 
cytology alone with sensitivity ranging between 69 and 75% 
and a specificity of 82 and 85% [24]. When combining mor-
phologic features to FISH-detected aneuploidy, there are 
reports of automated systems achieving upwards of 100% 
sensitivity. In one study, 243 patients with suspicious cytol-
ogy and negative cystoscopy were evaluated and found that 
a positive FISH was significantly associated with recurrence 
(HR 2.35, 95% CI 1.42–3.90, p = 0.001) [25]. Interestingly, 
some studies have found that although there may be false-
positive rates associated with this test, there was a signifi-
cant number of those patients who subsequently developed 
BCa recurrence, indicating that the underlying biology of 
some BCa is driven by these chromosomal aberrations, and 
perhaps, these patients are to be followed more closely [26]. 
In a study by Siedeman et al, they found that, on multivari-
able analysis, T-stage and FISH result were independent 
predictors of progression (p < 0.05), suggesting a role for 
this test in patients with negative cystoscopy and abnormal 
cytology/FISH findings [27]. In addition, FISH was able 
to predict recurrences that occurred sooner compared with 
FISH negative patients (p = 0.03). The primary disadvan-

tage as mentioned is the requirement of specialized person-
nel and equipment, lack of consensus on the definition of a 
positive result, and the fact that there are patients with BCa 
that do not have the chromosomal aberrations detected by 
FISH, which limits its widespread use. Perhaps, the greatest 
utility of FISH is in patients with equivocal cytology and/or 
cystoscopy as it can be used to aid in treatment decisions, 
which has been recommended by the AUA guidelines [5]. 
In a study by Lotan et al., the use of reflexive FISH testing 
in patients with equivocal cystoscopy predicted high-grade 
disease [28]. Similar studies confirm these results reporting 
an NPV of 100% [29].

Non‑FDA approved commercially available assays

CxBladder

The CxBladder test (Pacific Edge Ltd.) is a multiplex assay 
that detects specific mRNA in voided urine (IGFBP5, 
HOXA13, MDK, CDK1, and CXCR2) in combination with 
clinical data such as age, gender, and smoking. In one study 
evaluating 803 undergoing surveillance, CxBladder had a 
superior sensitivity compared with cytology (91% vs. 22%), 
as well as a superior NPV (97% vs. 87%) [30]. In another 
recent large trial in the surveillance setting evaluating 763 
patients who had a previous diagnosis of BCa, the test per-
formed relatively well with internal validation showing a 
sensitivity of 95% (95% CI 0.88–0.98) for recurrent disease 
in intermediate-risk patients compared with 86% sensitiv-
ity (95% CI 0.77–0.92) in low-risk disease (low-grade Ta) 
patients [31]. The test is commercially available in the US, 
Australia, New Zealand, and Singapore for monitoring 
patients with a history of BCa to aid in decision on delayed 
vs. immediate cystoscopy.

Urine bladder cancer test (UBC)

UBC (IDL Biotech) is available as a urine-based ELISA 
immunoassay (UCB IRMA) and a point-of-care test (UCB 
Rapid) measuring cytokeratin fragments implicated in tumor 
invasion. A number of studies have been conducted with the 
findings that are highly variable with sensitivities ranging 
from 21 to 71% and specificity ranging from 54 to 89% [32]. 
When performed in combination with urinary cytology, sen-
sitivity was reported to be 77% overall, 50% for low-grade 
tumors, and 100% for high-grade tumors. More studies are 
needed prior to recommending the use of this test [33].

Assure MDx

In a recent validation study, Kessel et al. evaluated 200 
patients with hematuria and no prior history of BCa using 
a multiplex urine-based assay assessing the mutations in 
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FGFR3, TERT and HRAS, and methylation of OTX1, ONE-
CUT2, and TWIST1 [34]. In a multivariable model includ-
ing mutation and methylation status as well as age, the test 
showed good discriminability of the assay [93% sensitivity 
and 86% specificity, AUC of 0.96 (95% CI 0.92–0.99) and 
NPV of 99%]. Furthermore, when looking at high-grade 
tumors only, the AUC was 1.00 (vs. 0.93 for low-grade) and 
similarly for T1 vs. Ta (0.99 vs 0.93). The authors conclude 
that these results suggest a 77% decreased need for diagnos-
tic cystoscopy, and that use of this test in lieu cystoscopy in 
the setting of hematuria may be justified.

Oncuria

Oncuria (Nonagen Bioscience Corporation) is a multiplex 
urine-based marker that detects 10 proteins (IL8, MMP9, 
MMP10, ANG, APOE, SDC1, A1AT, PAI1, CA9, and 
VEGFA) via electrochemiluminescence detection and pat-
terned arrays [35]. In a cohort of 288 subjects comprising 
of BCa (182), benign (96), and healthy volunteers (41), 
the 10-protein assay achieved an AUC of 0.89 (95% CI 
0.85–0.93), and an overall diagnostic sensitivity specific-
ity of 85% and 81%. Furthermore, in a prediction model, 
the assay predicted 99% of the BCa cases. A recent meta-
analysis with 1173 patients showed that the combination of 
the ten biomarkers demonstrated a higher log odds ratio (log 
OR 3.46, 95% CI 2.60–4.31) than did any single biomarker 
irrespective of histological grade or disease stage of tumors 
[36].

Guideline recommendations

The ideal setting in which to use these validated markers, 
as well as which particular test to use has not been well 
elucidated. In a study by Bell et al. comparing the prog-
nostic value of cytology, ImmunoCyt, BTA Stat, hemo-
globin dipstick, and NMP22, the authors demonstrated 
that only cytology was associated with worse PFS on the 
univariate analysis (HR 2.67; p = 0.017), while NMP22 
was associated with decreased RFS (HR 0.41, p < 0.01) 
and PFS (HR 0.32, p = 0.02) on the multivariable analy-
sis [37]. The authors explain that perhaps NMP22 abnor-
mality is indicative of benign disease. In the surveillance 
setting with patients without the evidence of recurrence 
undergoing cytology, Urovysion, immunocytuCyt+, and 
NMP22, the authors found that all positive tests were 
associated with increased rates of recurrence; however, 
in patients with negative cytology, a positive NMP22 was 
associated with worse recurrence (HR 4.2, p = 0.001) [38]. 
In addition, in patients with negative cytology and nega-
tive NMP22, only 13.5% recurred and 5.4% progressed at 
2-year follow-up. The results from these studies, perhaps, 
highlight the difficulty in pinpointing the comparability 

of the tests and the exact setting in which to use them. As 
such, major guideline recommendations generally do not 
advocate routine use of these markers. The American Uro-
logical Association guidelines’ expert opinion has advised 
that these markers may be used in the setting of post-BCG 
surveillance or to help with equivocal cytology [5]. Simi-
larly, The National Comprehensive Cancer Network rec-
ommends the consideration of NMP22 or Urovysion test-
ing in the surveillance setting [39]. Finally, the European 
Association of Urology guidelines do not recommend the 
routine use of biomarkers [40].

Investigational biomarkers

Single biomarkers

Apolipoproteins

In a BCa discovery biomarker series, ApoA-I was found 
to have increased expression in BCa [41]. The function of 
this lipoprotein is mainly to mediate the reverse transport of 
cholesterol from peripheral cells to the liver for excretion. 
Furthermore, this protein constitutes approximately 70% 
of the apolipoprotein content of high-density lipoprotein 
(HDL) [41]. In a study by Li et al. using a large number of 
samples, they showed a sensitivity and specificity of 89% 
and 85%, respectively [42]. In a study by Kumar et al., the 
combination of five different biomarkers (ApoA-I Coronin-
1A, Smenogelin-2, Gamma-synuclein [SNCG] and DJ-1/
PARK7) was used to assess detection of BCa using ELISA 
and Western blot [43]. For low-stage disease (Ta and T1) 
using ELISA method, it showed a sensitivity of 79% and a 
specificity of 100%. Using Western blot method, the sensi-
tivity was higher at 94% with a specificity of 97%. Although 
the results are encouraging, further studies and external vali-
dation are required before clinical application.

BLCA

BLCA is a nuclear matrix protein family that has been asso-
ciated with BCa, namely BLCA-1 and BLCA-4 [44]. Func-
tional studies suggest that BLCA-1 has role in cancer via 
angiogenesis, while BLCA-4’s role remains unclear other 
than its presence in BCa tissue and not in normal tissue [45]. 
In a small study by Meyers-Irvin et al., the authors demon-
strated that, with the use of immunoblot and ELISA, the 
BLCA-1 has an 80% sensitivity and 87% specificity [46]. In 
recent meta-analysis of published studies on BLCA-4 show 
promising results with a sensitivity 93% (95% CI 0.90–0.95), 
and specificity of 97% (95% CI 0.95–0.98) [47].
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Cyfra 21‑1

CYFRA 21-1 is a soluble cytokeratin 19 fragment that was 
originally described in metastatic urothelial carcinoma and 
its presence correlated with clinical outcomes [48]. Further 
studies showed an association of serum levels with tumor 
stage and grade [49]. The diagnostic use of this marker was 
subsequently described to detect urine levels. In a recent 
meta-analysis of urine-based studies, CYFRA 21-1 demon-
strated a combined sensitivity of 82% (95% CI 0.70–0.90) 
and a specificity of 80% (95% CI 0.73–0.86) [50]. However, 
prior studies have demonstrated poor performance of urine-
based detection in the surveillance setting of NMIBC—lim-
iting its utility [51].

Survivin

Survivin is a is a 12-amino acid protein and acts as an inhibi-
tor of apoptosis protein thereby regulating cell division and 
survival and has been shown to have diagnostic value in 
BCa [52]. The presence of Survivin seems to be limited to 
tumors and is absent in normal tissue, and is, therefore, an 
attractive biomarker. Both the Survivin protein and RNA 
can be detected in the urine using a variety of methods that 
include q-PCR, Bio-Dot, ELISA, and chemiluminescence 
immunoassay. In a meta-analysis evaluating all the stud-
ies looking at the different detection methods found some 
promising results for Surviving demonstrating a sensitivity 
of 79% (95% CI 73–84%), and a specificity of 87% (95% 
CI 79–92%) with a corresponding AUC of 0.89 (95% CI 
0.86–0.91) [53] With regard to detection of RNA, the com-
bined sensitivity and specificity was found to be 84% (95% 
CI 79–88%) and 94% (95% CI 89–97%), respectively, with 
a corresponding AUC of 0.94 (95% CI 0.92–0.96).

Panel/multiplex biomarkers

As is evident from the above data, detecting BCa using sin-
gle diagnostic biomarkers still remains a challenge. Accord-
ingly, investigation into the development of accurate assays 
for the non-invasive detection of BCa is an active field. 
Though sensitivity and specificity of these biomarkers are 
encouraging, translating them into clinical practice may 
be premature or problematic, since these studies (a) have 
a small sample size, (b) have not been validated or c) have 
already met with limited success in the clinic. Furthermore, 
as with the currently available single biomarker clinical tests 
described above, these ‘novel’ single biomarkers are limited 
by the fact that not all BCa, or even all cases in one category 
of lesions (e.g., high stage or high grade) will harbor any 
single molecular change. Thus, the concept that the pres-
ence or absence of one molecular biomarker will aid clinical 
evaluation has not proved to be the case. The emergence 

of high-throughput technologies has greatly enabled DNA, 
RNA, protein, and metabolite biomarker discoveries.

DNA signatures

Genomic alterations are prevalent in NMIBC and detection 
of those alterations can be a potential biomarker for disease 
recurrence and progression [54]. There are a number of plat-
forms for detecting DNA in the urine, tissue, and blood, 
and assessing specific genomic alterations has been evalu-
ated with varying results. In a study looking at detection 
of microsatellite DNA markers and loss of heterozygosity 
(LOH) in urine samples, the authors have found that micros-
atellite markers had an AUC 0.82 (95% CI 0.68–0.96). How-
ever, when including IFNA, MBP, ACTBP2, D9S162, and of 
RASSF1A, and WIF1 in a marker panel, they achieved a bet-
ter diagnostic performance (AUC 0.92, 95% CI 0.77–0.98) 
[55]. In another study evaluating a panel of 5 genes (FGFR3, 
HRAS, KRAS, NRAS and PIK3CA), Kompier et al. found 
a mutation in one or more of the panel genes in 88% of the 
tissue in both primary and recurrent BCa [56]. When com-
bining FGFR3 mutation with methylation of HS3ST2, SEP-
TIN9 and SLIT2 yielded a sensitivity and specificity of 94% 
and 76%, respectively [57]. Using a comparative genomic 
hybridization-based test called BCA1 in a small cohort, 
Larre et al. reported a sensitivity of 95% and a specificity of 
86% with similar ability to detect grade as well [58]. Other 
strategies include the detection of DNA methylation in urine 
samples, which has shown some promise. A study of meth-
ylation of DAPK, RARb, E-cadherin, and p16 genes in urine 
reported a sensitivity of 91% and a specificity of 76% [59]. 
A similar study evaluating methylation in APC, RASSF1A, 
and p14ARF reported an 87% sensitivity and 100% speci-
ficity [60]. Hoque et al. reported that 69% of patients had 
at least one promoter methylation in a 9-gene set, and in 
a combined logistic regression prediction model achieved 
a sensitivity of 82% (95% CI 75–87%) and specificity of 
96% (95% CI 90–99%) [61]. A PCR-based assay detecting 
methylation status of TWIST1 and NID2 reported a sensitiv-
ity and specificity of 79% and 63%, respectively, as well as 
an AUC of 0.73 [62]. There are a number of other iterations 
that use other gene panels or varying combinations with the 
promising results [14].

Next-generation sequencing (NGS) has allowed for 
unique discoveries across varying malignancies and was 
recently applied to NMIBC, although, at the discovery stage, 
studies suggest that frequent alterations may set the stage for 
the next phase of biomarker development using this technol-
ogy. Pietzak et al. reported their results and found signifi-
cant alterations in telomerase reverse transcriptase (TERT), 
tumor protein 53 (TP53), Erb-B2 receptor tyrosine kinase 2 
(ERBB2), and chromatin remodeling genes such as lysine 
demethylase 6A (KDM6A) and AT-rich interaction domain 
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1A (ARID1A) [63]. Similarly, another study demonstrated 
similar results using cytology specimens, suggesting a pos-
sible application to urine samples [64]. Other emerging strat-
egies include detection of circulating tumor cells, which has 
shown some mixed results in the early studies [65].

RNA signatures

RNA detection in many of its forms, including messenger 
RNA (mRNA) or microRNA (miRNA), which are posttran-
scriptional regulators of protein expression, have recently 
been implicated in genitourinary malignancies [66]. In a 
discovery cohort of 47 samples profiling 157 miRNAs, the 
authors found the expression ratio of miR-126 to miR-182 
to be sensitive and specific (72% and 82%, respectively) 
[67]. Others assessing a different panel of three miRNAs 
found high sensitivity of 94%, but lower specificity of 51% 
[68]. A commercial assay uRNA Assay (Pacific Edge Ltd., 
Dunedin, New Zealand) in patients with hematuria showed 
a sensitivity of 62% at a pre-specified specificity of 85% 
[69]. In another study, using real-time RT-PCR detecting a 
12-gene expression signature was able to detect BCa with 
98% sensitivity and 99% specificity [70]. Xpert bladder 
cancer monitor, which measures the mRNA levels of five 
genes (ABL1, CRH, IGF2, UPK1B, ANXA10) via RT-PCR, 
has also showed encouraging results in an early study in 
patients undergoing surveillance [71]. The overall sensitivity 
was 0.84 and NPV was 0.93, both significantly better than 
cytology (p ≤ 0.001). There are a number of other formats 
using a similar strategy with the similar findings that are 
also encouraging, especially as we develop multiple signa-
tures with higher predictive ability in BCa. For example, in 
a study of the predictability of a BCa using a 14-gene sig-
nature, the test was able to detect BCa with 90% sensitivity 
and a 100% specificity [72].

Future directions

The current use of biomarkers is limited and not widespread. 
One of the main challenges is using the current biomarkers 
in the appropriate disease setting that will yield most useful 
results. In addition, will the knowledge of the biomarker 
results change management as it does for positive cytology 
and negative cystoscopy, for example. As next-generation 
sequencing, technology improves and decreases in cost; the 
combination of DNA and RNA sequencing with panels of 
urinary metabolites in a multiplexed fashion may be the next 
approach. The future success of biomarkers for the diagnosis 
and surveillance of BCa hinges on a number of important 
factors. Rational study design to evaluate biomarkers along 
with the optimal setting in which to use these markers will 
be crucial [73]. Perhaps, a movement towards personalized 

assays might be the future of BCa detection [74]. The ulti-
mate goal is to have an accurate assessment that will aid in 
risk stratification providing a more comprehensive evalua-
tion that allows for better treatment decisions with patients.

Conclusions

The current biomarker landscape for NMIBC is a work in 
progress. There are many markers available today that are 
being continually refined for use in this disease space. The 
current guideline recommendations across major societies 
do not strongly advocate for their use due to moderate-level 
evidence. With increasing interest in DNA and RNA altera-
tions in cancer, studies are elucidating the role of detecting 
multiple specific genomic aberrations in NMIBC as a poten-
tial biomarker for progression and recurrence. The valida-
tion of these findings will perhaps lead to highly refined 
and accurate markers affecting our management of NMIBC.
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