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Bladder cancer continues to be one of the most common malignancies. Those who have 
been already diagnosed are at high risk for recurrence, especially if the pathology 
demonstrates high-grade disease. Diagnosis and surveillance is reliant on invasive 
evaluation with cystoscopy. Urinary cytology has been used to aid in diagnosis, but its 
use is limited. Other assays have been developed that may aid in clinical decision 
making. The ultimate goal will be the development of a highly sensitive and specific 
urinary marker for bladder cancer. This would provide a noninvasive means of 
diagnosing the disease and limit the number of unnecessary cystoscopies. This article 
will review the currently available urinary bladder cancer markers. It will also review new 
and investigational urinary markers that have shown promise for future clinical use.   
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INTRODUCTION 

In 2010, an estimated 70,530 new cases of bladder cancer were diagnosed, with 14,680 deaths resulting 

from the disease[1]. Bladder cancer ranks in the top five of newly diagnosed cancers in men and in the top 

ten of estimated cancer deaths, ranking only behind prostate cancer in the category of genitourinary 

malignancies. At 1 year post-transurethral resection, patients with low- and medium-risk disease will have 

up to 20 and 40% tumor recurrence, respectively. Those with high-risk disease demonstrate even higher 

rates of recurrence, with up to 90% at 1 to 2 years postresection[2]. As such, close and accurate disease 

surveillance is paramount to the treatment of this malignancy and the prevention of progression to 

invasive disease. Diagnosis of bladder cancer has long relied on cystoscopy. This has been aided with the 

use of urine cytology; however, low sensitivity, particularly for low-grade disease, is associated with this 

test and has resulted in significant limitations. The advent of noninvasive urine-based markers, including 

fluorescence in situ hybridization (FISH), nuclear matrix protein 22 (NMP22), bladder tumor antigen 

(BTA), Immunocyt, as well as other novel modalities, has yielded improved diagnostic accuracy. This 

review will summarize the currently available data in regards to current and emerging urinary bladder 

cancer markers. 
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CYTOLOGY 

Urinary cytology has been established as the standard noninvasive urinary marker for detecting bladder 

cancer. The usefulness of cytology is dependent on the shedding of cancer cells into the urine and their 

proper identification by a pathologist. High-grade cancers are more likely than low-grade tumors to shed 

their cells into the urine due to their weaker intercellular attachments[3]. As has been demonstrated in 

multiple studies, this results in a poor sensitivity for low-grade bladder cancer, with improved sensitivity 

and specificity for high-grade disease. The sensitivity for low-grade cancers has been demonstrated to 

range from 13 to 75% and over 80% for high-grade cancers. The overall sensitivity of cytology ranges 

from 25 to 70%[3,4,5,6]. Pooled estimates from 36 studies and involving 14,260 patients demonstrated a 

sensitivity of 44% (95% CI, 38–51%) and a specificity of 96% (95% CI, 94–98%)[7]. 

The accuracy of cytology is dependent on analysis by a pathologist and classification into one of four 

categories: normal, atypical/indeterminate, suspicious, or malignant. As a diagnostic modality, it has been 

noted to have high inter- and intraobserver variability with a flat learning curve requiring years of 

training[4]. Findings as well can be limited by variation in specimen processing. Despite these limitations, 

the high specificity with relatively low expense has resulted in cytology being established as the backbone 

of urine-based bladder cancer diagnostic markers.  

Quantitative cytology (Quanticyt) is an automated karyometric image analysis that allows for the 

quantitative grading of urine cytology[8]. Each imaged cell nucleus is analyzed for DNA content and 

nuclear morphometry[9]. The samples are then subsequently divided into low, intermediate, and high risk 

for recurrence of bladder cancer. This technique is limited by the necessity of a bladder wash sample for 

analysis to provide a large enough quantity of cells for analysis. A review of five studies involving 129 

patients demonstrated a sensitivity of 58% (range: 45–65%) and a specificity of 76% (range: 68–87%) 

across 227 patients[10]. Van der Poel et al. evaluated 129 patients and demonstrated a sensitivity of 69% 

and a specificity of 72.5%[8]. The sensitivity increased to 85% for grade 3 tumors. Similar results have 

also been reported in a separate study of 105 patients with an overall sensitivity of 42.1% and specificity 

of 67.9%[11].  

FLUORESCENCE IN SITU HYBRIDIZATION (FISH) 

FISH is a molecular test that utilizes DNA probes to identify the most common urothelial carcinoma–

related chromosomal changes in exfoliated cells in the urine. Urovysion® FISH is a multitarget, 

multicolor assay developed by Vysis-Abbott Laboratories. The test was designed to detect aneuploidy of 

chromosomes 3, 7, 17, and the loss of the 9p21 locus in malignant urothelial cells[12]. The initial 

description of the Urovysion FISH test identified a positive result as five or more cells with a gain of two 

or more chromosomes, 10 or more cells with a gain of at least one chromosome, or 10 or more cells with 

homozygous loss of the 9p21 locus[13]. However, cutoff criteria may vary between institutions. This 

initial study by Sokolova et al. demonstrated a sensitivity of 84%, with a specificity of 92%. Multiple 

follow-up studies have shown the sensitivity of the Urovysion FISH test to be between 69 and 85%, with 

a specificity of 78 to 92%[3,7,13,14,15]. In a direct comparison of FISH with cytology and NMP22, FISH 

was found to have better sensitivity for low-grade tumors. The combination of FISH and cytology 

detected 97.4% of cancers, while the combination of cytology and NMP22 detected 92.1% of tumors[16].  

The apparent ability for FISH to detect up to half of recurrent bladder tumors prior to being visualized 

on cystoscopy has led to the description of an “anticipatory positive”[15]. In cases with positive FISH and 

negative cystoscopy, a significantly decreased time to recurrence over those with negative FISH and 

negative cystoscopy has been found. FISH has also been demonstrated to be of use in monitoring 

response to intravesical therapy with Bacillus Calmette Guerin (BCG). Patients with a positive post-

therapy FISH have been shown to develop recurrence earlier and are 9.4 times as likely to have muscle-

invasive disease as those with a negative post-therapy FISH[17].   
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NUCLEAR MATRIX PROTEIN 22 (NMP22) 

NMPs are an important part of the structural framework of the nucleus. These proteins have important 

roles in DNA replication, transcription, and regulation of gene expression. NMP22 is specific for the 

nuclear mitotic apparatus protein that is involved with the proper distribution of chromatids to daughter 

cells. It has been demonstrated that NMP22 concentration is 25 times greater in bladder cancer cell lines 

than in the urothelium from normal bladder[18]. The mean level of NMP22 in the urine of patients with 

an active bladder tumor was found to be five times greater than in individuals without bladder cancer[19]. 

In addition, it may also be elevated in patients with pyuria, urolithiasis, hematuria, cystitis, in the presence 

of a foreign body, or with bowel segment interposition[3].  

While originally designed as a quantitative assay, NMP22 has been developed as a qualitative point-

of-care assay. Grossman et al. evaluated NMP22 in comparison to cytology in the detection of bladder 

cancer in 1331 patients at risk for bladder cancer. This study demonstrated a sensitivity of NMP22 for 

bladder cancer detection of 55.7% (95% CI, 44.1–66.7%) and a specificity of 85.7% (95% CI, 83–87.6%) 

compared to 15.8% sensitivity and 99.2% specificity for urinary cytology[20]. Similar results were 

identified in a subsequent study evaluating NMP22 in the diagnosis of bladder cancer recurrence. In 

addition, the combination of cystoscopy with NMP22 detected 99.0% of the malignancies[21]. Pooled 

data from 28 studies and 10,119 patients demonstrated a sensitivity of 68% (95% CI, 62–74%) and a 

specificity of 79% (95% CI, 74–84%)[7].  

As a qualitative point-of-care test, able to provide rapid results within 30–50 min, NMP22 may be 

useful as an adjunct test to cystoscopy. It has been found to have improved detection of low-grade and 

non–muscle invasive tumors. The sensitivity for low-grade tumors was higher (83.9%) than for high-

grade tumors (62.5%). Sensitivity of NMP22 for non–muscle invasive vs. muscle-invasive disease was 

also higher (81.8 vs. 57.1%, respectively)[22]. 

BLADDER TUMOR ANTIGEN (BTA) 

BTA stat and BTA-TRAK are designed to detect bladder tumor–associated antigen in voided urine. This 

antigen is a human complement factor H–related protein similar to human complement factor H. BTA 

interacting with complement factor C3b interrupts the complement cascade, potentially conferring a 

selective growth advantage to cancer cells. In cell culture, normal cells do not express the H-related 

protein[6]. BTA stat is an immunochromographic, qualitative, point-of-care test similar to NMP22, which 

is FDA approved for surveillance, but not for screening/diagnosis. BTA-TRAK measures factor H–related 

protein in a standard, quantitative, ELISA method[3].   

The sensitivity and specificity of BTA stat ranged from 67 to 70% and 75 to 78%, respectively. The 

sensitivity and specificity of BTA-TRAK was noted at 66 and 65%, respectively[23]. BTA stat 

demonstrates improved sensitivity with increasing histological grade; 53, 76, and 90% for grades 1 

through 3. It has also been noted to have improved detection and sensitivity for superficial and low-grade 

tumors compared to urinary cytology; however, at the cost of lower specificity[6]. As with NMP22, 

benign conditions of the urinary tract, such as infection or urinary lithiasis, may lead to a false positive for 

BTA. In addition, false positives may be seen in patients with a history of BCG therapy or urinary 

diversions utilizing the bowel. After excluding these diseases, the specificity of both BTA stat and 

NMP22 is significantly increased. 

IMMUNOCYT  

Immunocyt utilizes monoclonal antibodies to detect exfoliated urothelial cancer cells in the urine. Three 

fluorescent-labeled monoclonal antibodies target the M344, LDQ10, and 19A211 antigens, which are 
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specific for bladder carcinoma[24]. The presence of either one red or green fluorescent cell has been 

commonly used as the criteria indicating a positive result.  

Immunocyt has been demonstrated across multiple studies to have high sensitivity and specificity. 

One prospective study using recurrence as an end point demonstrated a sensitivity of 79.3% for grade 1 

tumors, 84.1% for grade 2 tumors, and 92.1% for grade 3 tumors[24]. A systematic review of eight 

studies across 2896 patients demonstrated an overall sensitivity of 84% (95% CI, 77–91%) and specificity 

of 75% (95% CI, 78–92%)[7]. When utilized in conjunction with cytology, the sensitivity of Immunocyt 

was demonstrated to increase from a median of 78 to 88%, with little change in the test specificity. These 

results have been demonstrated across multiple studies, indicating that Immunocyt is a highly sensitive 

test that increases the sensitivity of cytology without an appreciable loss of specificity when used 

together[7,25,26]. These findings have been demonstrated for both low- and high-grade, low-stage 

tumors.  

LEWIS X 

Monoclonal antibodies have also been utilized to detect the Lewis X antigen on exfoliated urothelial cells. 

The Lewis X is a blood group antigen that is normally absent from urothelial cells in the adult, but is 

expressed in transitional cell tumors regardless of the secretor status, grade, or stage of the tumor[27]. 

Commercially available antibodies, such as the P-12 murine monoclonal antibody, have been utilized to 

target and detect the Lewis X antigen. 

A prospective trial evaluating a single voided urine sample from 260 patients demonstrated a 

sensitivity of 79.8% (95% CI, 70.1–87.4%) and a specificity of 86.4% (95% CI, 80.6–90.9%), detecting 

100% of carcinoma in situ. In 89 patients, two consecutive urine samples were analyzed, increasing the 

sensitivity of the Lewis X antigen to 95.1% (95% CI, 84.8–99.2%)[27]. Planz et al. demonstrated similar 

results from 50 patients with a sensitivity of 84% and a specificity of 80%[28]. A study by Golijanin et al. 

as well showed that the analysis of two separate urine samples led to an increase of the sensitivity of the 

Lewis X antigen test from 81.2 to 97% and a specificity of 85.5%[29]. 

ACCU-DX 

Urinary fibrin/fibrinogen degradation products (FDP) have been noted to be elevated in the presence of 

bladder malignancy. FDP are produced through the action of plasmin on fibrin and fibrinogen, which leak 

from the tumor microvasculature. The Accu-Dx test was developed as a qualitative point-of-care 

immunoassay utilizing murine monoclonal antibodies specific for FDP. However, since these antibodies 

have also been noted to react with intact fibrinogen typically found in human serum, the usefulness of the 

test in the presence of hematuria may be low[30].  

A multicenter trial evaluating 192 patients with bladder cancer demonstrated a sensitivity of 68.4% 

and a specificity of 79.6%[31]. A more recent study by Ramakumar et al., involving 196 patients, 

demonstrated a sensitivity of 52% (95% CI, 38–66%) and a specificity of 91% (95% CI, 85–95%). In this 

series, the sensitivity of the test for grades 1, 2, and 3 disease was noted to be 25, 46, and 92%, 

respectively[32].  

TELOMERASE 

In recent years, the role of telomerase has been investigated in the pathogenesis of bladder cancer. 

Telomeres consist of tandem “TTAGGG” repeats at the ends of chromosomes. The gradual loss of these 

repeats with each cell cycle is known to play an important role in cell death. Telomerase is involved with 

the synthesis of these tandem repeats and typically inactivated in mature somatic cells. Alteration of this 
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enzyme can result in the immortalization of cell lines in certain malignancies, such as bladder cancer[33]. 

As such, there has been keen interest in evaluating telomerase as a potential urinary tumor marker.  

The enzyme telomerase consists of three subunits: RNA component (hTR), telomerase-associated 

protein (TP1), and telomerase reverse transcriptase (hTERT). Telomerase has been evaluated as a tumor 

marker in multiple ways. Telomerase activity has been assessed with a polymerase chain reaction (PCR)–

based assay utilizing the telomeric repeat amplification protocol (TRAP). hTR and hTERT assays have 

also been evaluated as a means of measuring telomerase activity[33]. 

The TRAP assay has been utilized in multiple studies to evaluate telomerase activity with promising 

results. In a prospective case control series of 218 men, the sensitivity of telomerase with the TRAP assay 

was 90% (95% CI, 83–94%) and the specificity was 88% (95% CI, 79–93%). The specificity was 

increased to 85% for individuals 75 years or younger[34]. A separate study demonstrated similar results 

with a specificity of 93.5% for the TRAP assay, but a lower sensitivity of 77.4%[35]. For the 

measurement of the catalytic component of telomerase, hTERT has shown even better results. Sensitivity 

of this assay has been reported from 84 to 95%, with variable specificity of 65 to 94%[36,37,38,39]. The 

sensitivity advantage of hTERT over cytology is most pronounced in the detection of low-grade bladder 

cancer where cytology is known to perform suboptimally[23]. Telomerase appears to be a potentially 

useful urinary tumor marker; however, there will need to be uniformity and standardization in the assay 

before it can become useful in clinical practice.  

HYALURONIC ACID (HA) 

HA is an extracellular glycosaminoglycan that supports tumor cell adhesion and migration, and offers 

some protection from immune system surveillance in tumor tissues. Small fragments of HA stimulate 

angiogenesis and are produced by hyaluronidase (HAase). The small HA fragments have been identified 

in the urine of patients with bladder cancer[40]. The importance of HA and HAase in bladder cancer 

pathogenesis has been noted in a recent study in which staining of bladder cancer tissues for HA and 

HAase correlated with muscle-invasive disease and recurrence[41]. Hyaluronoglucosaminidase-1 

(HYAL-1) is a specific HAase that has been identified as a marker for cancer detection, and is a 

molecular predictor for tumor growth, invasion, and angiogenesis. HYAL-1 mRNA levels have been 

noted to be elevated 10- to 30-fold higher in bladder cells and tissues that express high HAase activity, as 

well as in the urine of patients with bladder cancer[42]. As a result, HA and HYAL-1 have been evaluated 

as potential urinary tumor markers for bladder cancer. 

HA and HAase have both been evaluated as possible urinary tumor markers. According to a study by 

Lokeshwar et al., HA in and of itself has a sensitivity of 83.1%, specificity of 90.1%, and accuracy of 

86.5% in detecting bladder cancer regardless of tumor grade. HAase showed a sensitivity of 81.5% and a 

specificity of 83.8% for higher-grade tumors. Utilizing both HA and HAase tests improved the results in 

patients regardless of tumor grade. In combination (HA and HAase), the sensitivity was increased to 

91.2% for all tumors, with a specificity of 84.4% and an accuracy 88.3%[43]. A follow-up study 

prospectively evaluated the HA-HAase test compared to BTA stat. This demonstrated similar results for 

the HA-HAase test as previously reported. In addition, the HA-HAase test was determined to be superior 

to BTA stat for detecting and predicting tumor recurrence. In a direct comparison, HA-HAase vs. BTA 

stat, the sensitivity was 94 and 61% and the specificity was 63 and 74%, respectively. A false positive 

with Ha-HAase was also found to have a significant risk of recurrence within 5 months[40]. When 

HYAL-1 was specifically evaluated with qualitative PCR, it demonstrated a sensitivity of 92.2% and a 

specificity of 94.3%. With semi-quantitative PCR, HYAL-1 was not detected in any normal samples and 

was present in 91.1% of malignant samples with a sensitivity of 91% and a specificity of 100%[44]. 
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MICROSATELLITE ANALYSIS 

Microsatellite analysis evaluates for tumor-specific genomic alterations in a different manner than FISH. 

Microsatellite analysis targets highly polymorphic, short tandem repeats. This technique evaluates the 

shift in the normal ratio of two alleles that occurs with genomic alterations from tumor cell 

transformation. This loss of heterozygosity (LOH) can be used as a biomarker of a suspected neoplastic 

process. It had already been established that microsatellite changes in urine samples matched DNA 

extracts from tumor tissues[45]. 

In a prospective blinded trial, LOH analysis performed significantly better than cytology, particularly 

for the detection of low-grade tumors. For grade 1 and 2 tumors, the sensitivity of LOH analysis was 60 

and 51.8%, respectively, compared to 10 and 18.5% for cytology, respectively. When used in 

combination with cytology, LOH analysis had an improved sensitivity of 72% for grade 1 and 2 tumors 

and 96% for grade 3 tumors[45]. A separate study demonstrated very promising results. The overall 

sensitivity of LOH/microsatellite analysis was 97% compared to 79% for cytology. It was also noted to 

have significant improvement in the detection of low-grade and -stage bladder tumors, with a sensitivity 

of 95% for grades G1-G2 and 100% for pTis and pTa tumors[46]. Wild et al. also demonstrated the 

benefit of combined LOH analysis with voided urine cytology with a sensitivity of 88.2% and a 

specificity of 97.1%[47]. 

BLCA-4 

A nuclear matrix protein specific to bladder cancer tissues, termed BLCA-4, has been identified. It holds 

great promise as a potent urine-based bladder tumor marker. This protein has been found to effect the 

pathogenesis of bladder cancer by increasing IL-1α (which enhances proliferation and invasion), 

thrombomodulin (which maintains blood flow for cell survival), and IL-8 (which aids in 

angiogenesis)[48].  

Van Le et al. prospectively evaluated BLCA-4 and determined that it has a sensitivity of 89% and a 

specificity of 95% for bladder cancer detection using a sandwich-based immunoassay and a 

predetermined cutoff value[49]. The potential of BLCA-4 as a urinary tumor marker is further 

strengthened since there is no impact of BLCA-4 levels with a history of urinary tract infection, smoking, 

catheterization, or cystitis[50]. 

PROTEOMICS AND GENOMICS 

Advances in the fields of molecular genetics and tissue microarrays have led to the development of many 

potential novel biomarkers. This has especially been the case within the fields of proteomics and 

genomics. Proteomics utilizes advanced techniques in high-resolution 2-D electrophoresis, mass 

spectrometry, and surface-enhanced laser desorption/ionization to identify potential urinary bladder 

markers that can then be developed into more conventional ELISA tests. The chemokine CXCL-1 and the 

matrix metalloproteinases MMP-2 and -9 have been identified using these techniques as potential urine-

based markers worthy of further study[51].  

Genomics is the study of DNA or RNA sequence and gene expression differences resulting in 

signature expressions for various cancer types. Microarrays have resulted in a shotgun approach that 

allows a rapid evaluation of multiple DNA or RNA sequences to identify sequences that are potentially 

characteristic for bladder cancer. Aurora kinase A is an example of a marker identified utilizing these 

techniques. When evaluated with FISH techniques, this key regulator of mitosis has shown a specificity 

of 96.6% and a sensitivity of 87% for bladder cancer[51]. Urothelial carcinoma–associated 1 gene has 

been identified with a sensitivity and specificity of 80.9 and 91.8%, respectively. It is highly sensitive for 

high-grade noninvasive tumors (91.1%)[50]. 
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ADDITIONAL URINARY MARKERS 

Many other potential biomarkers have been evaluated for their potential usefulness as a urine-based tumor 

marker. Some of the more promising of these have included cytokeratin CK20, soluble FAS (sFAS), and 

survivin. The CK20 assay has a 78 to 87% sensitivity and a 56 to 80% specificity for bladder cancer 

detection, but has poor performance for low-grade tumors. sFAS levels in the urine of patients undergoing 

surveillance for bladder cancer show higher levels in patients with recurrences and were noted to be more 

specific than NMP22. Survivin is an antiapoptotic protein that is associated with aggressive cancer 

behavior. This protein is not expressed in the normal urothelium. Early studies have shown a sensitivity 

of 64 to 100% and a specificity of 93 to 100%[52]. Human uroplakin 3A (UPK3A) has demonstrated a 

sensitivity and specificity of 83%[53]. These novel tests demonstrate the potential for further 

development as novel urinary biomarkers and should be evaluated further to determine their possible 

clinical utility. A summary of these current and emerging bladder tumor biomarkers, with their respective 

sensitivities, specificities, and current clinical availability, is shown in Table 1. 

TABLE 1 
Summary of Urinary Markers and Their Performance Based on Scientific Literature 

Urinary Marker Sensitivity 
(%) 

Specificity 
(%) 

Clinical Status Ref. 

Cytology 12.2–79 78.4–99.4 Laboratory [4,5,6,15,16,20,21,22, 
24,25,46,47,53] 

Quanticyt  42.1–69 67.9–87 Investigational [8,9,10,11] 

FISH  69–92.1 89–94.5 Laboratory [13,14,15,16] 

NMP22  49.5–92.1 66–87.3 Laboratory and point of care [16,19,20,21,22,53] 

BTA-Stat 50–70 67–78 Point of care [5,6,14,15,40] 

Immunocyt  66.7–84.9 62–84.7 Laboratory [24,25,26] 

FDP (Accu-Dx) 52–68.4 79.6–91 Point of care [31,32] 

Telomerase:     

TRAP 77.4–90 88–93.5 Investigational [34,35] 

hTERT  84.8–95 43.8–93.5  [36,37,38,39] 

Hyaluronic acid:     

HA  61–83.1 53.6–90.1 Investigational [41,43] 

HYAL-1 57.6–91 78–100  [41,44] 

HAase 81.5 83.8  [43] 

HA/HAase 88.1–94 63–84.4  [5,40,43] 

Lewis X  79.8–84 80–86.4 Investigational [27,28,29] 

Survivin 75 100 Investigational [44] 

LOH  60–97 93 Investigational [45,46] 

BLCA-4  89–96.4 95–100 Investigational [49,50] 

UPK3A
 
 83 83 Investigational [53] 

CONCLUSION 

Bladder cancer continues to be among the top ten malignancies in terms of cancer deaths. Proper 

diagnosis of this disease is reliant on invasive testing utilizing office cystoscopy and a possible need for 

biopsy or resection. For patients with a prior history of bladder cancer, surveillance requires routine office 
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cystoscopy to monitor for recurrence. An ideal noninvasive urinary tumor marker would be highly 

sensitive and specific, minimizing the need for cystoscopy in patients in the absence of bladder cancer. 

Cytology has been the standard noninvasive urinary tumor marker utilized for decades despite its poor 

sensitivity, particularly for low-grade tumors. The addition of Urovysion FISH has provided an additional 

diagnostic armamentarium to determine which patients may need further evaluation. Recently, NMP22 

and BTA stat have been developed as point-of-care assays for a more rapid diagnosis to aid both patients 

and clinicians. Additional assays have been developed that may someday be of sufficient accuracy either 

as a single, multiple, or a combination of several urinary biomarkers to decrease the need for invasive 

testing that is necessary to diagnose or detect bladder tumor recurrence. The fields of proteomics and 

genomics are poised to rapidly identify novel markers that may become part of the clinical 

armamentarium for clinicians in years to come.  

REFERENCES 

1. Jemal, A., Siegel, R., Xu, J., and Ward, E. (2010) Cancer statistics, 2010. CA Cancer J. Clin. 60, 277–300. 

2. Shelley, M.D., Mason, M.D., and Kynaston, H. (2010) Intravesical therapy for superficial bladder cancer: a 

systematic review of randomized trials and meta-analyses. Cancer Treat. Rev. 36, 195–205. 

3. Villicana, P., Whiting, B., Goodison, S., and Rosser, C.J. (2009) Urine-based assays for the detection of bladder 

cancer. Biomark. Med. 3, 265. 

4. Tritschler, S., Sommer, M.L., Straub, J., Hocaoglu, Y., Tilki, D., Strittmatter, F., Zaak, D., Stief, C., and Karl, A. 

(2010) Urinary cytology in era of fluorescence endoscopy: redefining the role of an established method with a new 

reference standard. Urology 76, 677–681. 

5. Schroeder, G.L., Lorenzo-Gomez, M.F., Hautmann, S.H., Friedrich, M.G., Ekici, S., Huland, H., and Lokeshwar, V. 

(2004) A side by side comparison of cytology and biomarkers for bladder cancer detection. J. Urol. 172, 1123–1128. 

6. Poulakis, V., Witzsch, U., De Vries, R., Altmannsberger, H.M., Manyak, M.J., and Becht, E. (2001) A comparison of 

urinary nuclear matrix protein-22 and bladder tumour antigen tests with voided urinary cytology in detecting and 

following bladder cancer: the prognostic value of false-positive results. BJU Int. 88, 692–701. 

7. Mowatt, G., Zhu, S., Kilonzo, M., Boachie, C., Fraser, C., Griffiths, T.R.L., N’Dow, J., Nabi, G., Cook, J., and Vale, 

L. (2010) Systematic review of the clinical effectiveness and cost effectiveness of photodynamic diagnosis and urine 

biomarkers (FISH, ImmunoCyt, NMP22) and cytology for the detection and follow-up of bladder cancer. Health 

Technol. Assess. 14, 1–331. 

8. van der Poel, H.G., van Balken, M.R., Schamhart, D.H.J., Peelen, P., de Reijke, Th., Debruyne, F.M.J., Schalken, 

J.A., and Witjes, J.A. (1998) Bladder wash cytology, quantitative cytology, and qualitative BTA test in patients with 

superficial bladder cancer. Urology 51, 44–50. 

9. van der Poel, H.G., Witjes, J.A., van Stratum, P., Bon, M.E., Debruyne, F.M.J., and Schalken, J.A. (1996) Quanticyt: 

karyometric analysis of bladder washing for patients with superficial bladder cancer. Urology 48, 357–364. 

10. van Rhijm, B.W.G., van der Poel, H.G., and van der Kwast, T.H. (2005) Urine markers for bladder cancer 

surveillance: a systematic review. Eur. Urol. 47, 736–748. 

11. Moonen, P.M.J., Merkx, G.F.M., Peelen, P., Karthaus, H.F.M., Smeets, D.F.C.M., and Witjes, J.A. (2007) UroVysion 

compared with cytology and quantitative cytology in the surveillance of non-muscle invasive bladder cancer. Eur. 

Urol. 51, 1275–1280. 

12. Reid-Nicholson, M.D., Ramalingam, P., Adeagbo, B., Cheng, N., Peiper, S.C., and Terris, M.K. (2009) The use of 

Urovysion fluorescence in situ hybridization in the diagnosis and surveillance of non-urothelial carcinoma of the 

bladder. Mod. Pathol. 22, 119–127. 

13. Sokolova, I.A., Halling, K.C., Jenkins, R.B., Burkhardt, H.M., Meyer, R.G., Seeilg, S.A., and King, W. (2000) The 

development of a multitarget, multicolor fluorescence in situ hybridization assay for the detection of urothelial 

carcinoma in urine. J. Mol. Diagn. 2, 116–123. 

14. Friedrich, M.G., Toma, M.I., Hellstern, A., Pantel, K., Weisenberger, D.J., Noldus, J., and Huland, H. (2003) 

Comparison of multitarget fluorescence in situ hybridization in urine with other noninvasive tests for detecting 

bladder cancer. BJU Int. 92, 911–914. 

15. Sarsody, M.F., Schellhammer, P., Bokinsky, G., Kahn, P., Chao, R., Yore, L., Zadra, J., Burzon, D., Osher, G., 

Bridge, J.A., Anderson, S., Johansson, S.L., Lieber, M., Soloway, M., and Flom, K. (2002) Clinical evaluation of a 

multi-target fluorescent in situ hybridization assay for detection of bladder cancer. J. Urol. 168, 1950–1954. 

16. Yoo, J.H., Suh, B., Park, T.S., Shin, M.G., Choi, Y., Lee, C.H., and Choi, J.R. (2010) Analysis of fluorescence in situ 

hybridization, mtDNA quantification, and mtDNA sequence for the detection of early bladder cancer. Cancer Genet. 

Cytogenet. 198, 107–117. 



Parker/Spiess: Current and Emerging Bladder Cancer Urinary Biomarkers     TheScientificWorldJOURNAL (2011) 11, 1103–1112 
 

1111 

 

17. Kipp, B.R., Karnes, R.J., Brankley, S.M., Harwood, A.R., Pankratz, V.S., Sebo, T.J., Blute, M.M., Lieber, M.M., 

Zincke, H., and Halling, K.C. (2005) Monitoring intravesical therapy for superficial bladder cancer using fluorescence 

in situ hybridization. J. Urol. 173, 401–404. 

18. Carpinto, G.A., Stadler, W.M., Briggman, J.V., Chodak, G.W., Church, P.A., Lamm, D.L., Lange, P.H., Messing, 

E.M., Pasciak, R.M., Reservitz, G.B., Ross, R.B., Rukstalis, D.B., Sarosdy, M.F., Soloway, M.K., Thiel, R.P., 

Vogelzang, N., and Hayen, C.L. (1996) Urinary nuclear matrix protein as a marker for transitional cell carcinoma of 

the urinary tract. J. Urol. 156, 1280–1285. 

19. Jamshidian, H., Kor, K., and Djalali, M. (2008) Urine concentration of nuclear matrix protein 22 for diagnosis of 

transitional cell carcinoma of bladder. Urol. J. 5, 243–247. 

20. Grossman, H.B., Messing, E., Soloway, M., Tomera, K., Katz, G., Berger, Y., and Shen, Y. (2005) Detection of 

bladder cancer using a point of care proteomic assay. JAMA 293, 810–816. 

21. Grossman, H.B., Soloway, M., Messing, E., Katz, G., Stein, B., Kassabian, V., and Shen, Y. (2006) Surveillance for 

recurrent bladder cancer using a point of care proteomic assay. JAMA 295, 299–305. 

22. Choi, H.S., Lee, S.I., Kim, D.J., and Jeong, T.Y. (2010) Usefulness of the NMP22BladderChek test for screening and 

follow-up of bladder cancer. Korean J. Urol. 51, 88–93. 

23. Quek, M.L., Sanderson, K., Daneshmand, S., and Stein, J.P. (2004) New molecular markers for bladder cancer 

detection. Curr. Opin. Urol. 14, 259–264. 

24. Mian, C., Maier, K., Comploj, E., Lodde, M., Berner, L., Lusuardi, L., Palermo, S., Vittadello, F., and Pycha, A. 

(2006) uCyt+/Immunocyt in the detection of recurrent urothelial carcinoma. Cancer Cytopathol. 108, 60–65. 

25. Pfister, C., Chautard, D., Devonec, M., Perrin, P., Chopin, D., Rischmann, P., Bouchot, O., Beurton, D., Coulange, C., 

and Rambeaud, J.J. (2003) Immunocyt test improves the diagnostic accuracy of urinary cytology: results of a French 

multicenter study. J. Urol. 169, 921–924. 

26. Tetu, B., Tiguert, R., Harel, F., and Fradert, Y. (2005) Immunocyt/uCyt+ improves the sensitivity of urine cytology in 

patients followed for urothelial carcinoma. Mod. Pathol. 18, 83–89. 

27.  Pode, D., Golijanin, D., Sherman, Y., Lebensart, P., and Shapiro, A. (1998) Immunostaining of Lewis X in cells from 

voided urine, cytopathology, and ultrasound for noninvasive detection of bladder tumors. J. Urol. 159, 389–393. 

28.  Planz, B., Striepecke, E., Jakse, G., and Bocking, A. (1998) Use of Lewis X antigen and deoxyribonucleic acid image 

cytometry to increase sensitivity of urinary cytology in transitional cell carcinoma of the bladder. J. Urol. 159, 384–

388. 

29.  Golijanin, D., Sherman, Y., Shapiro, A., and Pode, D. (1995) Detection of bladder tumors by immunostaining of the 

Lewis X antigen in cells from voided urine. Urology 46, 179–177. 

30.  Lokeshwar, V.B. and Soloway, M.S. (2001) Current bladder tumor tests: does their projected utility fulfill clinical 

necessity? J. Urol. 165, 1067–1077.   

31.  Schmetter, B.S., Habicht, K.K., Lamm, D.L., Morales, A., Bander, N.H., Grossman, H.B., Hanna, M.G., Silberman, 

S.R., and Butman, B.T. (1997) A multicenter trial evaluation of the fibrin/fibrinogen degradation products test for 

detection and monitoring of bladder cancer. J. Urol. 158, 801–805. 

32.  Ramakumar, S., Bhuiyan, J., Besse, J.A., Roberts, S.G., Wollan, P.C., Blute, M.L., and Okane, D.J. (1999) 

Comparison of screening methods in the detection of bladder cancer. J. Urol. 161, 388–394. 

33. Bavaccini, S., Casadio, V., Amadori, D., Calistri, D., and Silvestrini, R. (2009) The current role of telomerase in the 

diagnosis of bladder cancer. Indian J. Urol. 25, 40–46. 

34. Sanchini, M.A., Gunelli, R., Nanni, O., Bravaccini, S., Fabbri, C., Sermasi, A., Becovich, E., Ravioli, A., Amadori, 

D., and Calistri, D. (2005) Relevance of urine telomerase in the diagnosis of bladder cancer. JAMA 294, 2052–2056. 

35. Erdem, E., Dikmen, G., Atsa, N., Dogan, P., and Ozen, H. (2003) Telomerase activity in diagnosis of bladder cancer. 

Scand. J. Urol. Nephrol. 37, 205–209. 

36. Siracusano, S., Niccolini, B., Knez, R., Tiberio, A., Benedetti, E., Bonin, S., Ciciliato, S., Pappagallo, G.L., Belgrano, 

E., and Stanta, G. (2005) The simultaneous use of telomerase, cytokeratin 20, and CD4 for bladder cancer detection in 

urine. Eur. Urol. 47, 327–333. 

37. Khalbuss, W. and Goodison, S. (2006) Immunohistochemical detection of hTERT in urothelial lesions: a potential 

adjunct to urine cytology. Cytojournal 3, 18. 

38. Bowles, L., Biakowska-Hobrzanski, H., Bukala, B., Nott, L., and Razvi, H. (2004) A prospective evaluation of the 

diagnostic and potential prognostic utility of urinary human telomerase reverse transcriptase mRNA in patients with 

bladder cancer. Can. J. Urol. 11, 2438–2444.  

39. Melissourgos, N., Kastrinakis, N.G., Davilas, I., Foukas, P., Farmakis, A., and Lykourinas, M. (2003) Detection of 

human telomerase reverse transcriptase mRNA in urine of patients with bladder cancer: evaluation of an emerging 

tumor marker. Urology 62, 362–367. 

40. Lokeshwar, V.B., Schroeder, G.L., Selzer, M.G., Hautmann, S.H., Posey, J.T., Watson, R., Rose, L., Markowitz, S., 

and Soloway, M.S. (2002) Bladder tumor markers for monitoring recurrence and screening comparison of hyaluronic 

acid-hyaluronidase and BTA-stat tests. Cancer 95, 61–72. 

41. Kramer, M.W., Golshani, R., Merseburger, A.S., Knapp, J., Garcia, A., Hennenlotter, J., Duncan, R.C., Soloway, 

M.S., Jorda, M., Kuczyk, M.A., Stenzl, A., and Lokeshwar, V.B. (2010) HYAL-1 hyaluronidase: a potential 

prognostic indicator for progression to muscle invasion and recurrence in bladder cancer. Eur. Urol. 57, 86–94. 



Parker/Spiess: Current and Emerging Bladder Cancer Urinary Biomarkers     TheScientificWorldJOURNAL (2011) 11, 1103–1112 
 

1112 

 

42. Lokeshwar, V.B., Gomez, P., Kramer, M., Knapp, J., McCornack, M.A., Lopez, L.E., Freglen, N., Dhir, N., Scherer, 

S., Klumpp, D.J., Manoharan, M., Soloway, M.S., and Lokeshwar, B.L. (2008) Epigenetic regulation of HYAL-1 

hyaluonidase expression: identification of HYAL-1 promoter. J. Biol. Chem. 283, 29215–29227. 

43. Lokeshwar, V.B., Obek, C., Pham, H.T., Wei, D., Young, M.J., Duncan, R.C., Soloway, M.S., and Block, N.L. (2000) 

Urinary hyaluronic acid and hyaluronidase: markers for bladder cancer detection and evaluation of grade. J. Urol. 

163, 348–356. 

44. Eissa, S., Swellam, M., Shehata, H., El-Khouly, I.M., El-Zayat, T., and El-Ahmady, O. (2010) Expression of HYAL1 

and surviving RNA as diagnostic molecular markers for bladder cancer. J. Urol. 183, 493–498. 

45. Frigerio, S., Padberg, B.C., Strebel, R.T., Lenggenhager, D.M., Messthaler, A., Abdou, M.T., Moch, H., and 

Zimmermann, D.R. (2007) Improved detection of bladder carcinoma cells in voided urine by standardized 

microsatellite analysis. Int. J. Cancer 121, 329–338. 

46. Seripa, D., Parrella, P., Gallucci, M., Gravina, C., Papa, S., Fortunato, P., Alcini, A., Flammia, G., Lazzari, M., and 

Fazio, V.M. (2001) Sensitive detection of transitional cell carcinoma of the bladder by microsatellite analysis of cells 

exfoliated in urine. Int. J. Cancer 95, 364–369. 

47. Wild, P.J., Fuchs, T., Stoehr, R., Zimmermann, D., Frigerio, S., Padberg, B., Steiner, I., Zwarthoff, E.C., Burger, M., 

Denzinger, S., Hofstaedter, F., Kristiansen, G., Hermanns, T., Seifert, H.H., Provenzano, M., Sulser, T., Roth, V., 

Buhmann, J.M., Moch, H., and Hartmann, A. (2009) Detection of urothelial bladder cancer cells in voided urine can 

be improved by a combination of cytology and standardized microsatellite analysis. Cancer Epidemiol. Biomarkers 

Prev. 18, 1798–1806. 

48. Myers-Irvin, J.M., Van Le, T.S., and Getzenberg, R.H. (2005) Mechanistic analysis of the role of BLCA-4 in bladder 

cancer pathobiology. Cancer Res. 65, 7145–7150. 

49. Van Le, T.S., Miller, R., Barder, T., Babjuk, M., Potter, D.M., and Getzenbeg, R.H. (2005) Highly specific urine-

based marker of bladder cancer. Urology 66, 1256–1260. 

50. Konety, B.R., Nguyen, T.S., Brenes, G., Sholder, A., Lewis, N., Bastacky, S., Potter, D.M., and Getzenberg, R.H. 

(2000) Clinical usefulness of the novel marker BLCA-4 for the detection of bladder cancer. J. Urol. 164, 634–639. 

51. Shirodkar, S.P. and Lokeshwar, V.B. (2009) Potential new markers in the early detection of bladder cancer. Curr. 

Opin. Urol. 19, 488–493. 

52. Alvarez, A. and Lokeshwar, V.B. (2007) Bladder cancer biomarkers: current developments and future 

implementation. Curr. Opin. Urol. 17, 341–346. 

53. Lai, Y., Ye, J., Chen, J., Zhang, L., Wasi, L., He, Z., Zhou, L., Li, H., Yan, Q., Gui, Y., Zhiming, C., Wang, X., and 

Guan, Z. (2010) UPK3A: a promising novel urinary marker for the detection of bladder cancer. Urology 76, 514e6–

514e11.  
 
 

 

This article should be cited as follows: 

Parker, J. and Spiess, P.E. (2011) Current and emerging bladder cancer urinary biomarkers. TheScientificWorldJOURNAL: 

TSW Urology 11, 1103–1112. DOI 10.1100/tsw.2011.104. 

 

 
 

 


