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ABSTRACT
Urothelial carcinoma is the 9th most common cancer worldwide. Most urothelial tumors are non-muscle in-
vasive on presentation. However, two-thirds of non-invasive bladder cancers will eventually recur with a 25% 
risk of progression to muscle-invasive bladder cancer. Tumor stage, histological grade and pathological inva-
sion of blood vessels and lymphatic tissue are the main indicators for urothelial cancer prognosis. The gold 
standard for diagnosing bladder cancer is conventional white-light cystoscopy and biopsy. Urine cytology is a 
highly specific, sensitive test for high-grade tumors or carcinoma in situ (CIS). Urinary NMP22 has an overall 
sensitivity and specificity for detecting bladder cancer of 49% and 87%, respectively. However, there are false-
positive results in the presence of urinary tract infection or hematuria. The detection of specific gene mutations 
related to urothelial cancers has been studied and employed to reproduce markers helpful for diagnosis. Ac-
cording to current studies, molecular markers can be used to predict tumor recurrence. From a prognostic point 
of view, new molecular markers have yet to be established as reliable indicators of tumor aggressiveness. We 
aimed to review the molecular markers with possible prognostic significance that have been discussed in the 
literature. This review examined the literature for various molecular markers under development for bladder 
cancer in an attempt to optimize patient care and reduce the costs of treating these patients.
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ÖZET
Mesane kanseri; dünyada en yaygın 9. kanserdir. Ürotelyal tümörlerin çoğu başvuru esnasında kasa invaze 
olmamıştır. Bununla birlikte, non-invaziv mesane kanserlerinin üçte ikisinde rekürrens gelişecek ve %25 
kasa invaze mesane kanserine progresyon göstereceklerdir. Ürotelyal kanser prognozu için temel gösterge-
ler; tümör evresi, histolojik grade, kan damarlarına ve lenfatik dokuya patolojik invazyondur. Mesane kan-
serinin teşhisinde altın standart yöntem, geleneksel sistoskopi ve biyopsidir. İdrar sitolojisi, yüksek grade’li 
tümörler veya karsinoma in situ (CIS) için oldukça sensitif ve spesifik bir testtir. Üriner Nükleer Matriks 
Protein-22’nin (NMP-22) mesane kanserini saptamada sensitivitesi %49, spesifitesi ise %87’dir. Ancak, 
üriner enfeksiyon ya da hematüri durumunda, yanlış-pozitif sonuçlar olabilmektedir. Son yıllarda, ürotelyal 
kanserle ilişkili spesifik gen mutasyonlarının saptanmasına çalışılmakta ve bu gen mutasyonları, teşhis için 
yardımcı olabilecek belirteçlerin üretiminde kullanılmaktadır. Son zamanlarda yapılan araştırmalara göre, 
moleküler belirteçler tümör rekürrensinin önceden tahmininde kullanılabilmektedir. Yine de, prognostik 
açıdan, yeni moleküller tümör agresifliğinin güvenilir göstergesi olarak henüz tam kabul görmemişlerdir. 
Biz bu çalışmamızda, literatürde tartışılan muhtemel prognostik önemi olan moleküler belirteçleri göz-
den geçirmeyi amaçladık. Bu derleme, mesane kanserli hastaların tedavilerini daha uygun hale getirip bu 
hastaların tedavi masraflarını azaltan, mesane kanserine yönelik çeşitli moleküler belirteçleri inceleyen 
literatürü içermektedir.

Anahtar kelimeler: Mesane kanseri; moleküler belirteçler; tümör nüks prediktörü.

Introduction

The urinary bladder is lined by urothelium, pre-
viously known as transitional epithelium, and 
urothelial carcinoma is the 9th most common 
cancer worldwide, with more than 300,000 
cases registered in 2002.[1]

A noticeable increase in the incidence of 
bladder tumors in Asia has been observed sec-
ondary to an increase in smoking. However, 
almost two-thirds of all bladder cancer 
patients are in the developed world; half 
of which are located in North America and 
Europe.[2]
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Urothelial cancer is the most common type of bladder cancer, 
comprising up to 80% of all bladder cancer cases.[3] Urothelial can-
cer can have different appearances on first presentation, including 
flat carcinoma in situ (CIS) and sessile, papillary or solid tumors.[4]

Three out of 4 urothelial tumors are non-muscle invasive on 
presentation.[5] However, two-thirds of non-invasive bladder 
cancers will eventually have a recurrence within 3 years of 
the initial diagnosis with a 25% risk of progression to muscle-
invasive tumors requiring aggressive treatment.[6,7]

The tumor stage and histological grade are accepted as the main 
indicators of urothelial cancer prognosis.[4] Pathological inva-
sion of blood vessels and lymphatic tissue are also considered 
to be independent prognostic factors.[8-10] More recently, a num-
ber of molecular markers with possible prognostic significance 
have been discussed in the literature.[11]

Currently, the gold standard for diagnosing of bladder cancer is 
conventional white-light cystoscopy and biopsy.[4] Cystoscopic 
examination could be improved using Narrow Band Imaging 
(NBI) or fluorescence-guided cystoscopy (blue light cystosco-
py).[12,13] In contrast, urine cytology is a highly specific (>90%) 
and reasonably sensitive test for high-grade bladder cancer and 
hence it is a useful tool for identifying high-grade tumors or 
CIS. However, the accuracy of urine cytology, can be impaired 
by a paucity of cells retrieved, urinary tract infection or stones 
and intravesical treatments.[14]

Urothelial carcinoma, especially the non-muscle invasive type, 
is known to be very-expensive to treat and follow.[15] This 
expense is largely because of the need for frequent and long-
term surveillance due to the high recurrence rate and risk of 
progression to muscle-invasive cancer.

An accepted surveillance regimen following primary tumor 
resection generally includes regular cystoscopy and urine cytol-
ogy testing. Conventional white-light cystoscopy can reliably 
identify up to 80% of non-muscle invasive tumors and 68% 
of CIS. In contrast, the more expensive fluorescence-guided 
cystoscopy is more sensitive in diagnosing non-muscle invasive 
tumors (96%) and CIS (93%).[10]

Approximately one-third of the deaths related to bladder can-
cer are potentially avoidable. Thus, the recommendation is to 
provide more timely care and aggressive management for such 
patients.[16] Accordingly, enormous efforts currently are in place 
to identify molecular markers with robust diagnostic and prog-
nostic value in patients with urothelial bladder cancer.

Here, we review the literature examining and developing vari-
ous molecular markers for bladder cancer to optimize patient 
care and cut costs.

Main body

Molecular markers as a diagnostic tool
In 1996, a urinary protein called NMP-22 was isolated with 
20-fold higher levels in bladder cancer patients compared to 
non-cancer individuals.[17] In a large multi-centric study, a uri-
nary NMP22 level of 10 units/mL was considered to be positive 
for bladder cancer with an overall sensitivity and specificity for 
detecting bladder cancer of 49% (up to 88% in T2 tumors) and 
87%, respectively. In the same study, NMP-22 was able to identi-
fy 8 out of 9 cancer patients with normal cystoscopy.[18] However, 
the downside of NMP-22 testing is false-positive results in the 
presence of a urinary tract infection or hematuria.[19]

Another relatively sensitive (75%) and specific (85%) test for 
detecting bladder cancer is the Lewis blood group antigen X, 
which is generally, but not always, missing from adult urothelial 
cells.[20,21] To date, no kit for this test is readily available.

A retrospective study in Spain suggested incorporation of uri-
nary cytoskeletal proteins, namely CK 20 and CYFRA 21.1, 
into regular follow-up testing for bladder cancer patients. The 
study showed that CK 20 has a sensitivity and specificity of 
85% and 76%, respectively.[22] However, a more recent multi-
institutional analysis revealed a 33% sensitivity and 43% speci-
ficity for CYFRA 21.1 in detecting Ta tumors, precluding its use 
in clinical practice.[23]

The detection of specific gene mutations related to urothelial 
cancers have been studied and employed to reproduce markers 
helpful for diagnosis. FGFR-3 is a good example, involving 
11 possible mutation loci detected in 3 out of 4 non-invasive 
urothelial cancers.[24] However, the dilemma lies in precisely 
locating all potential mutations in a solitary urine specimen. In 
addition, errors related to cancer grade and patient age cause the 
sensitivity and specificity of the tests to range from 50% to 90% 
and 60% to 90%, respectively.[25] 

More DNA-based markers for bladder cancer have been inves-
tigated. Telomerase, a protein on the ends of chromosomes and 
preventer of cell death, has been linked to bladder cancer with 
90% sensitivity and 88% specificity.[26]

Survivin, a protein with anti-apoptotic function, has been linked 
to urothelial cancer, and its role in diagnosing bladder cancer 
has been extensively studied over the years.[27] However, in a 
recent review article, the clinical application of such a marker 
in reliably diagnosing bladder cancer has been questioned due 
to low specificity.[28]

In 2002, an American prospective study examined the role of 
hyaluronic acid, an extracellular matrix produced by fibroblasts, 
in predicting bladder cancer using the urinary hyaluronic acid-
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hyaluronidase (HA-HAase) test. The results showed relatively 
high sensitivity (91-100%) and specificity (84-90%) rates, and 
the authors recommended its use as a screening tool in high-risk 
individuals.[29]

One year later, a French multi-center study evaluated the role 
of the ImmunoCyt test (Diagnocure, Canada) in detecting blad-
der cancer (sensitivity of 61-92% and specificity of 71-90%). 
ImmunoCyt is a three monoclonal antibody fluorescent test. 
The study claimed that such a test will help reduce the need for 
cystoscopy and urine cytology in post-tumor resection follow-
up of bladder cancer patients.[30]

In Australia, the role of a multi-mRNA assay (Cxbladder, 
Pacific Edge Ltd) for detecting bladder cancer in 485 patients 
who presented with macroscopic hematuria was compared to 
conventional urine cytology and NMP22 testing. This study 
also developed a newer version of Cxbladder (Cxbladder-D). 
With a specificity fixed at 85%, the multi-mRNA assay was 
shown to have a superior overall sensitivity compared to urine 
cytology and NMP22 testing. Therefore, the authors recom-
mended replacement of urine cytology and NMP22 assays by 
Cxbladder-D in conjunction with cystoscopy for bladder cancer 
follow-up. However, pitfalls related to Cxbladder-D use have 
also been described. Of note, the false positive rate of the multi-
mRNA test in the presence of urinary stone disease is an issue. 
In addition, Cxbladder-D specificity was affected, but to a lesser 
extent, by patient age, sex and creatinine levels.[31]

Similarly, in a recent UK study, fifteen microRNAs were tested 
using polymerase chain reaction on 121 urine samples taken 
from 68 bladder cancer patients and 53 non-cancer individu-
als. The results revealed a possible diagnostic role for urinary 
microRNAs, being able to identify 94% of urothelial cancers. 
However, this study admitted missing 3% of invasive cancers 
using microRNAs (n=2).[32]

Molecular markers as a predictor of tumor recurrence
Using fluorescent-labeled DNA segments to detect chromosom-
al abnormalities associated with urothelial cancer is known as 
fluorescence in-situ hybridization (FISH). FISH has been shown 
to be 79% sensitive and 70% specific for diagnosing urothelial 
cancer.[20] A review article published in 2008 concluded that 
FISH is able to detect most concomitant bladder recurrences 
and predict recurrent disease.[33]

More similar studies have assessed the value of FISH for blad-
der tumor surveillance. These studies revealed a possible place 
for FISH as a predictor of bladder recurrence, but not as a 
replacement for the currently accepted gold standard, cystos-
copy.[34,35]

Notably, the US Food and Drug Administration has actually 
approved the use of FISH (UroVysion-Abbott Molecular Inc) 

for urothelial cancer screening for hematuria and surveillance 
in known bladder cancer patients.[36] Nevertheless, compared to 
urine cytology, the routine use of UroVysion is still debatable; 
this test is a costly method to diagnose clinically insignificant 
low-grade bladder tumors.[37,38] In addition, the false positive 
rate related to the presence of benign urothelial umbrella cells 
with abnormal DNA ploidy makes the routine use of UroVysion 
relatively unfavorable.[39]

Microsatellite analysis has been described in the literature since 
1997, and its role in detecting low-grade non-invasive bladder 
cancer has been evaluated.[40,41] Microsatellite analysis involves 
a polymerase chain reaction (PCR) recognizing tumor DNA. 
The findings from the latter study suggested a possible anticipa-
tory value for this test in bladder recurrence with a recurrence 
rate of 83% in patients with a positive microsatellite analysis 
compared to only 22% in those with a negative test.

Recently, a group of urologists in Denmark studied the efficiency 
of methylation biomarkers in predicting urothelial malignancy 
recurrence in 390 urinary specimens retrieved from 184 known 
non-invasive bladder cancer patients. The authors are optimistic 
that the ZNF 154 methylation marker can potentially be incorpo-
rated into a bladder cancer surveillance regimen with an observed 
sensitivity and specificity of 94% and 67%, respectively.[42]

Molecular markers as a prognostic tool
In a Spanish study published in 2004, the expression of certain 
markers, including cyclins and p27kip1, was linked to tumor 
aggressiveness and hence claimed to be ‘predictors of survival’.[43]

In addition, emmprin and survivin gene profiling has been 
shown to possibly determine the chemo-sensitivity of invasive 
bladder tumors. More recently, 57 mRNA levels were used to 
classify urothelial cancer patients at each stage into high or low 
risk for progression categories.[44,45] 

In a recent publication, two independent cohorts were studied 
to analyze the prognostic significance of protein expression in 
invasive bladder cancer and concluded that measuring TIP60 
and MRE11 expression is potentially useful in directing treat-
ment of invasive bladder tumors.[46]

Furthermore, the 2nd International Consultation on Bladder 
Cancer (ICUD) listed the common genetic alterations linked 
to urothelial bladder cancer, four of which are thought to have 
prognostic significance in bladder cancer patients.[47] Those 
genes are the tumor suppressor genes TP53, RB1 and FHIT and 
the oncogene FGFR3.

What does the future hold?
Currently, more effort is being put into new trials to consolidate 
current findings and identify ‘ideal’ molecular markers that are 
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cost-effective, non-invasive, and able to confidently and pre-
cisely provide prognostic value and help determine therapeutic 
options.[4]

In conclusion, a significantly large percentage of the population 
suffers from bladder cancer and a considerable proportion of 
these cancers are in the non-muscle invasive category, requiring 
repeat, costly investigations on a regular basis, making bladder 
cancer very expensive to treat worldwide.

Over the last twenty years, there has been a remarkable increase 
in the number of scientific studies exploring the possible diag-
nostic and prognostic value of molecular markers in bladder 
cancer, revealing an enormous number of the currently available 
potential molecular markers.

Unfortunately, most of these molecular markers have failed to 
reproduce enough sensitivity and specificity to reliably replace 
current mainstay for investigating bladder cancer, cystoscopy; 
therefore, the authors recommend the clinical use of molecular 
markers alongside cystoscopy and urine cytology in an attempt 
to reduce the need for and delay invasive and expensive cystos-
copy, provide early diagnosis and lower costs related to patient 
follow-up.[48]

Lastly, from a prognostic point of view, new molecular mark-
ers have yet to be established as reliable indicators of tumor 
aggressiveness. Until then, tumor stage and grade are the cur-
rent cornerstone factors in establishing prognosis and planning 
treatment strategies.

Peer-review: Externally peer-reviewed.

Author Contributions: Concept - M.I.A.; Design - B.R.; Supervision 
- B.R., G.Z.A.; Funding - M.I.A., E.B.S.; Materials - M.I.A.; Data 
Collection and/or Processing -M.I.A.; Analysis and/or Interpretation - 
M.I.A., E.B.S., B.R., G.Z.A.; Literature Review - E.B.S., M.I.A.; Writer 
- M.I.A.; Critical Review - M.I.A., E.B.S., B.R., G.Z.A.; Other -  M.I.A., 
E.B.S., B.R., G.Z.A.

Conflict of Interest: No conflict of interest was declared by the authors.

Financial Disclosure: The authors declared that this study has received 
no financial support.

Hakem Değerlendirmesi: Dış bağımsız.

Yazar Katkıları: Fikir - M.I.A.; Tasarım - B.R.; Denetleme - B.R., 
G.Z.A.; Kaynaklar - M.I.A., E.B.S.; Malzemeler - M.I.A.; Veri 
toplanması ve/veya işlemesi -M.I.A.; Analiz ve/veya yorum - M.I.A., 
E.B.S., B.R., G.Z.A.; Literatür taraması - E.B.S., M.I.A.; Yazıyı yazan 
- M.I.A.; Eleştirel İnceleme - M.I.A., E.B.S., B.R., G.Z.A.; Diğer -  
M.I.A., E.B.S., B.R., G.Z.A.

Çıkar Çatışması: Yazarlar çıkar çatışması bildirmemişlerdir.

Finansal Destek: Yazarlar bu çalışma için finansal destek almadıklarını 
beyan etmişlerdir.

References

1. Parkin DM. The global burden of urinary bladder cancer. Scand J 
Urol Nephrol Suppl 2008;218:12-20. [CrossRef]

2. Jemal A, Siegel R, Ward E, Hao Y, Xu J, Murray T, et al. Cancer 
statistics, 2008. CA Cancer J Clin 2008;58:71-96. [CrossRef]

3. Lopez-Beltran A. Bladder cancer: clinical and pathological pro-
file. Scand J Urol Nephrol Suppl 2008;218:95-109. [CrossRef]

4. Wein AJ, Kavoussi LR, Novick AC, Partin AW, Peters CA. 
Campbell-Walsh Urology. USA: Saunders; 2011.p.2316-23.

5. Epstein JI, Amin MB, Reuter VR, Mostofi FK. The World Health 
Organization/International Society of Urological Pathology consen-
sus classification of urothelial (transitional cell) neoplasms of the 
urinary bladder. Am J Surg Pathol 1998;22:1435-48. [CrossRef]

6. Millan-Rodriguez F, Chéchile-Toniolo G, Salvador-Bayarri J, 
Palou J, Algaba F, Vicente-Rodríguez J. Primary superficial blad-
der cancer risk groups according to progression, mortality and 
recurrence. J Urol 2000;164:680-4. [CrossRef]

7. Wolf H, Kakizoe T, Smith PH, Brosman SA, Okajima E, Rübben 
H, et al. Bladder tumors. Treated natural history. Prog Clin Biol 
Res 1986;221:223-55.

8. Leissner J, Koeppen C, Wolf HK. Prognostic significance of vas-
cular and perineural invasion in urothelial bladder cancer treated 
with radical cystectomy. The J Urol 2003;169:955-60. [CrossRef]

9. Kaba M, Pirincci N, Benli E, Gecit I, Gunes M, Yuksel MB, et al. 
Dickkopf-1 levels in Turkish patients with bladder cancer and its 
association with clinicopathological features. Asian Pac J Cancer 
Prev 2014;15:381-4. [CrossRef]

10. Pirinççi N, Geçit I, Güneş M, Yüksel MB, Kaba M, Tanık S, et 
al. Serum adenosine deaminase, catalase and carbonic anhydrase 
activities in patients with bladder cancer. Clinics (Sao Paulo) 
2012;67:1443-6. [CrossRef]

11. Tiguert R, Lessard A, So A, Fradet Y. Prognostic markers in 
muscle invasive bladder cancer. World J Urol 2002;20:190-5.

12. Grossman HB, Gomella L, Fradet Y, Morales A, Presti J, Ritenour 
C, et al. A phase III, multicenter comparison of hexaminolevu-
linate fluorescence cystoscopy and white light cystoscopy for the 
detection of superficial papillary lesions in patients with bladder 
cancer. J Urol 2007;178:62-7. [CrossRef]

13. Geavlete B, Jecu M, Multescu R, Geavlete P. Narrow-band imaging cys-
toscopy in non-muscle-invasive bladder cancer: a prospective compari-
son to the standard approach. Ther Adv Urol 2012;4:211-7. [CrossRef]

14. Lokeshwar VB, Habuchi T, Grossman HB, Murphy WM, 
Hautmann SH, Hemstreet GP, et al. Bladder tumor markers 
beyond cytology: international consensus panel on bladder tumor 
markers. Urology 2005;66:35-63. [CrossRef]

15. Botteman MF, Pashos CL, Redaelli A, Laskin B, Hauser 
R. The health economics of bladder cancer: a comprehen-
sive review of the published literature. Pharmacoeconomics 
2003;21:1315-30. [CrossRef]

16. Morris DS, Weizer AZ, Ye Z, Dunn RL, Montie JE, Hollenbeck 
BK. Understanding bladder cancer death: tumor biology versus 
physician practice. Cancer 2009;115:1011-20. [CrossRef]

231
Abdulmajed et al.
What are the currently available and in development molecular markers for bladder cancer? Will they prove to be useful in the future?

http://dx.doi.org/10.1080/03008880802285032
http://dx.doi.org/10.3322/CA.2007.0010
http://dx.doi.org/10.1080/03008880802325226
http://dx.doi.org/10.1097/00000478-199812000-00001
http://dx.doi.org/10.1016/S0022-5347(05)67280-1
http://dx.doi.org/10.1097/01.ju.0000043639.55877.17
http://dx.doi.org/10.7314/APJCP.2014.15.1.381
http://dx.doi.org/10.6061/clinics/2012(12)15
http://dx.doi.org/10.1016/j.juro.2007.03.034
http://dx.doi.org/10.1177/1756287212454181
http://dx.doi.org/10.1016/j.urology.2005.08.064
http://dx.doi.org/10.2165/00019053-200321180-00003
http://dx.doi.org/10.1002/cncr.24136


17. Keesee SK, Briggman JV, Thill G, Wu YJ. Utilization of nuclear 
matrix proteins for cancer diagnosis. Crit Rev Eukaryot Gene Expr 
1996;6:189-214. [CrossRef]

18. Grossman HB, Soloway M, Messing E, Katz G, Stein B, Kassabian 
V, et al. Surveillance for recurrent bladder cancer using a point-of-
care proteomic assay. JAMA 2006;295:299-305. [CrossRef]

19. Atsu N, Ekici S, Oge O, Ergen A, Hasçelik G, Ozen H. False-
positive results of the NMP22 test due to hematuria. J Urol 
2002;167:555-8. [CrossRef]

20. van Rhijn BW, van der Poel HG, van der Kwast TH. Urine mark-
ers for bladder cancer surveillance: a systematic review. Eur Urol 
2005;47:736-48. [CrossRef]

21. Sheinfeld J, Reuter VE, Melamed MR, Fair WR, Morse M, Sogani 
PC, et al. Enhanced bladder cancer detection with the Lewis 
X antigen as a marker of neoplastic transformation. J Urology 
1990;143:285-8. 

22. Ramos D, Navarro S, Villamón R, Gil-Salom M, Llombart-Bosch A. 
Cytokeratin expression patterns in low-grade papillary urothelial neo-
plasms of the urinary bladder. Cancer 2003;97:1876-83. [CrossRef]

23. Fernandez-Gomez J, Rodríguez-Martínez JJ, Barmadah SE, García 
Rodríguez J, Allende DM, Jalon A, et al. Urinary CYFRA 21.1 is not 
a useful marker for the detection of recurrences in the follow-up of 
superficial bladder cancer. Eur Urol 2007;51:1267-74. [CrossRef]

24. Wolff EM, Liang G, Jones PA. Mechanisms of disease: genetic 
and epigenetic alterations that drive bladder cancer. Nat Clin Pract 
Urol 2005;2:502-10. [CrossRef]

25. Vlahou A, Schellhammer PF, Mendrinos S, Patel K, Kondylis FI, 
Gong L, et al. Development of a novel proteomic approach for the 
detection of transitional cell carcinoma of the bladder in urine. Am 
J Pathol 2001;158:1491-502. [CrossRef]

26. Sanchini MA, Gunelli R, Nanni O, Bravaccini S, Fabbri C, 
Sermasi A, et al. Relevance of urine telomerase in the diagnosis of 
bladder cancer. JAMA 2005;294:2052-6. [CrossRef]

27. Smith SD, Wheeler MA, Plescia J, Colberg JW, Weiss RM, Altieri 
DC. Urine detection of survivin and diagnosis of bladder cancer. 
JAMA 2001;285:324-8. [CrossRef]

28. Ku JH, Godoy G, Amiel GE, Lerner SP. Urine surviving as a diag-
nostic biomarker for bladder cancer: a systematic review. BJU Int 
2012;110:630-6. [CrossRef]

29. Lokeshwar VB, Schroeder GL, Selzer MG, Hautmann SH, Posey 
JT, Duncan RC et al. Bladder tumor markers for monitoring recur-
rence and screening comparison of hyaluronic acid-hyaluronidase 
and BTA-Stat tests. Cancer 2002;95:61-72. [CrossRef]

30. Pfister C, Chautard D, Devonec M, Perrin P, Chopin D, Rischmann 
P, et al. Immunocyt test improves the diagnostic accuracy of 
urinary cytology: results of a French multicenter study. J Urol 
2003;169:921-4. [CrossRef]

31. O’Sullivan P, Sharples K, Dalphin M, Davidson P, Gilling P, 
Cambridge L, et al. A multigene urine test for the detection and 
stratification of bladder cancer in patients presenting with haema-
turia. J Urol 2012;188:741-7. [CrossRef]

32. Miah S, Dudziec E, Drayton RM, Zlotta AR, Morgan SL, Rosario 
DJ, et al. An evaluation of urinary microRNA reveals a high sensi-
tivity for bladder cancer. Br J Cancer 2012;107:123-8. [CrossRef]

33. Zwarthoff EC. Detection of tumours of the urinary tract in voided 
urine. Scand J Urol Nephrol Suppl 2008;218:147-53. [CrossRef]

34. Moonen PM, Merkx GF, Peelen P, Karthaus HF, Smeets DF, 
Witjes JA. UroVysion compared with cytology and quantitative 
cytology in the surveillance of non-muscle-invasive bladder can-
cer. Eur Urol 2007;51:1275-80. [CrossRef]

35. Gudjonsson S, Isfoss BL, Hansson K, Domanski AM, Warenholt J, 
Soller W, et al. The value of the UroVysion assay for surveillance of non-
muscle-invasive bladder cancer. Eur Urol 2008;54:402-8. [CrossRef]

36. Sarosdy MF, Kahn PR, Ziffer MD, Love WR, Barkin J, Abara 
EO, et al. Use of a multitarget fluorescence in situ hybridization 
assay to diagnose bladder cancer in patients with hematuria. J Urol 
2006;176:44-7. [CrossRef]

37. Nieder AM, Soloway MS, Herr HW. Should we abandon the FISH 
test? Eur Urol 2007;51:1469-71. [CrossRef]

38. Bubendorf L. Multiprobe fluorescence in situ hybridiz1ation 
(UroVysion) for the detection of urothelial carcinoma-FISHing for 
the right catch. Acta Cytol 2011;55:113-9. [CrossRef]

39. Wojcik EM, Brownlie RJ, Bassler TJ, Miller MC. Superficial uro-
thelial (umbrella) cells. A potential cause of abnormal DNA ploidy 
results in urine specimens. Anal Quant Cytol Histol 2000;22:411-5.

40. Steiner G, Schoenberg MP, Linn JF, Mao L, Sidransky D. 
Detection of bladder cancer recur-rence by microsatellite analysis 
of urine. Nat Med 1997;3:621-4. [CrossRef]

41. van der Aa MN, Zwarthoff EC, Steyerberg EW, Boogaard MW, 
Nijsen Y, van der Keur, et al. Microsatellite analysis of voided-urine 
samples for surveillance of low-grade non-muscle-invasive urothe-
lial carcinoma: feasibility and clinical utility in a prospective mul-
ticenter study (Cost-Effectiveness of Follow-up of Urinary Bladder 
Cancer trial [CEFUB]). Eur Urol 2009;55:659-67. [CrossRef]

42. Reinert T, Borre M, Christiansen A, Hermann GG, Orntoft TF, 
Dyrskjot L. Diagnosis of Bladder Cancer Recurrence Based on 
Urinary Levels of EOMES, HOXA9, POU4F2, TWIST1, VIM, and 
ZNF154 Hypermethylation. PLoS One 2012;7:e46297. [CrossRef]

43. Lopez-Beltran A, Luque RJ, Alvarez-Kindelan J, Quintero A, 
Merlo F, Carrasco JC, et al. Prognostic factors in stage T1 grade 
3 bladder cancer survival: the role of G1-S modulators (p53, 
p21Waf1, p27kip1, Cyclin D1, and Cyclin D3) and proliferation 
index (ki67-MIB1). Eur Urol 2004;45:606-12. [CrossRef]

44. Als AB, Dyrskjot L, von der Maase H, Koed K, Mansilla F, Toldbod 
HE, et al. Emmprin and survivin predict response and survival fol-
lowing cisplatin-containing chemotherapy in patients with advanced 
bladder cancer. Clin Cancer Res 2007;13:4407-14. [CrossRef]

45. Wang R, Morris DS, Tomlins SA, Lonigro RJ, Tsodikov A, Mehra 
R, et al. Development of a multiplex quantitative PCR signature 
to predict progression in non-muscle-invasive bladder cancer. 
Cancer Res 2009;69:3810-8. [CrossRef]

46. Laurberg JR, Brems-Eskildsen AS, Nordentoft I, Fristrup N, 
Schepeler T, Ulhoi BP, et al. Expression of TIP60 (tat-interactive 
protein) and MRE11 (meiotic recombination 11 homolog) predict 
treatment-specific outcome of localised invasive bladder cancer. 
BJU Int 2012;110:e1228-36. [CrossRef]

47. Amin MB, McKenney JK, Paner GP, Hansel DE, Grignon 
DJ, Montironi R, et al. ICUD-EAU International Consultation 
on Bladder Cancer 2012: Pathology. Eur Urol 2012;63:16-35. 
[CrossRef]

48. Faba OR, Palou J, Breda A, Villavicencio H. High-risk non-
muscle-invasive bladder cancer: update for a better identification 
and treatment. World J Urol 2012;30:833-40. [CrossRef]

232
Turkish Journal of Urology 2014; 40(4): 228-32

DOI:10.5152/tud.2014.60973

http://dx.doi.org/10.1615/CritRevEukarGeneExpr.v6.i2-3.50
http://dx.doi.org/10.1001/jama.295.3.299
http://dx.doi.org/10.1016/S0022-5347(01)69084-0
http://dx.doi.org/10.1016/j.eururo.2005.03.014
http://dx.doi.org/10.1002/cncr.11265
http://dx.doi.org/10.1016/j.eururo.2006.12.019
http://dx.doi.org/10.1038/ncpuro0318
http://dx.doi.org/10.1016/S0002-9440(10)64100-4
http://dx.doi.org/10.1001/jama.294.16.2052
http://dx.doi.org/10.1001/jama.285.3.324
http://dx.doi.org/10.1111/j.1464-410X.2011.10884.x
http://dx.doi.org/10.1002/cncr.10652
http://dx.doi.org/10.1097/01.ju.0000048983.83079.4c
http://dx.doi.org/10.1016/j.juro.2012.05.003
http://dx.doi.org/10.1038/bjc.2012.221
http://dx.doi.org/10.1080/03008880802283953
http://dx.doi.org/10.1016/j.eururo.2006.10.044
http://dx.doi.org/10.1016/j.eururo.2007.11.051
http://dx.doi.org/10.1016/S0022-5347(06)00576-3
http://dx.doi.org/10.1016/j.eururo.2007.01.044
http://dx.doi.org/10.1159/000323652
http://dx.doi.org/10.1038/nm0697-621
http://dx.doi.org/10.1016/j.eururo.2008.05.001
http://dx.doi.org/10.1371/journal.pone.0046297
http://dx.doi.org/10.1016/j.eururo.2003.11.011
http://dx.doi.org/10.1158/1078-0432.CCR-07-0109
http://dx.doi.org/10.1158/0008-5472.CAN-08-4405
http://dx.doi.org/10.1111/j.1464-410X.2012.11564.x
http://dx.doi.org/10.1016/j.eururo.2012.09.063
http://dx.doi.org/10.1007/s00345-012-0967-1

