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 Abstract 

 Due to the lack of disease-specific symptoms, diagnosis and 
follow-up of bladder cancer has remained a challenge to the 
urologic community. Cystoscopy, commonly accepted as a 
gold standard for the detection of bladder cancer, is invasive 
and relatively expensive, while urine cytology is of limited 
value specifically in low-grade disease. Over the last de-
cades, numerous molecular assays for the diagnosis of uro-
thelial cancer have been developed and investigated with 
regard to their clinical use. However, although all of these 
assays have been shown to have superior sensitivity as com-
pared to urine cytology, none of them has been included in 
clinical guidelines. The key reason for this situation is that 
none of the assays has been included into clinical decision-
making so far. We reviewed the current status and perfor-
mance of modern molecular urine tests following system-
atic analysis of the value and limitations of commercially 
available assays. Despite considerable advances in recent 
years, the authors feel that at this stage the added value of 
molecular markers for the diagnosis of urothelial tumors has 
not yet been identified. Current data suggest that some of 
these markers may have the potential to play a role in screen-
ing and surveillance of bladder cancer. Well-designed proto-
cols and prospective, controlled trials will be needed to pro-
vide the basis to determine whether integration of molecular 
markers into clinical decision-making will be of value in the 
future.  © 2014 S. Karger AG, Basel 
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w  Introduction 

 Due to the lack of disease-specific symptoms, diagnosis 
and follow-up of bladder cancer has remained a challenge 
to the urologic community. Cystoscopy, commonly accept-
ed as a gold standard for the detection of bladder cancer, is 
invasive and relatively expensive, thus limiting the frequen-
cy of its use. Although new cystoscopic technologies such 
as fluorescence or narrow-band imaging are emerging, the 
invasiveness and added costs of these procedures under-
score the need for better, simpler, and cheaper diagnostic 
tests in the management of bladder cancer patients  [1–3] .

  Voided urine cytology is a highly specific, noninvasive 
adjunct to cystoscopy. It has good sensitivity for detecting 
high-grade urothelial cancer, but sensitivity for detection 
of low-grade tumors ranged from only 4 to 31%  [4] . Fur-
thermore, the accuracy of cytology is dependent upon the 
expertise of the pathologist, and is thus not of high qual-
ity in all places. Therefore, in the surveillance of papillary 
low-grade tumors, a noninvasive, highly sensitive, and 
specific bladder cancer marker could decrease the fre-
quency of cystoscopies, thereby improving patient qual-
ity of life. In high-grade disease, increased sensitivity of 
markers might lead to earlier detection of tumor recur-
rence, resulting in improved patient survival.

  The requirements for an ideal marker have been de-
fined using the terms ‘easier, better, faster, cheaper’  [5] . 
‘Easier’ in this definition refers to the assay’s analytical 
performance and robustness. For an assay to be clinically 
applicable, it should be able to be performed easily and 
promptly in a clinical environment. ‘Better’ is by the far 
the most important challenge that has to be addressed. 
Demonstrating information equal to current clinically 
available variables is not enough. Any newly discovered 
marker should provide additional information that is 
helpful to the clinician for the management of the disease, 
thus providing an added value to the current situation. 
‘Faster’ means that a new marker should be able to make 
the information available in an efficient and timely man-
ner. ‘Cheaper’ is essential for a marker to be cost-effective. 
With health care expenditures reaching record levels, 
medical decision-making is increasingly affected by eco-
nomic concerns. Nevertheless, many parameters must 
be considered when assessing the economic impact of a 
marker: in addition to the mere costs of the assay, poten-
tial clinical benefits (avoidance of further diagnostic in-
terventions or ineffective therapy, or benefit from target-
ed therapy) need to be considered.

  A significant amount of laboratory and clinical inves-
tigations have developed numerous new urine markers 

for the diagnosis of bladder cancer. Many of them exhib-
it sensitivity considerably superior to that of standard 
urine cytology, particularly in low-to-moderate grade di-
atheses, and are frequently used. However, none of them 
has achieved acceptance as a standard diagnostic proce-
dure in clinical guidelines  [6, 7] .

  Why Did We Fail in the Past? 

 Although noninvasive tests are labelled to diagnose 
bladder cancer, it remains unclear how they can effec-
tively be integrated into clinical decision-making, partic-
ularly when making an initial diagnosis because the pre-
senting signs and symptoms may be caused by a number 
of different diseases and conditions. This situation is dif-
ferent from that in prostate cancer screening where the 
diagnosis is usually being sought in asymptomatic indi-
viduals who may themselves request a screening test.

  It seems obvious that new tests for the initial diagnosis 
of bladder cancer should be investigated in patients with 
symptoms and/or signs associated with this disease. This 
will pertain largely to patients who have gross hematuria, 
those who may have irritative voiding symptoms without 
urinary tract infection, and those found on routine urinaly-
sis to have microscopic hematuria. However, an investiga-
tion of the literature shows that this approach is often ne-
glected. In contrast, the vast majority of studies are case-
control trials comparing artificially composed study cohorts, 
in which the prevalence of the disease frequently exceeds 
50%. High disease prevalence is usually not seen in urolog-
ical practice and such an evaluation is likely to result in an 
optimistic assessment of the positive predictive value (PPV).

  While an insufficient evaluation process is one of the 
reasons for the lack of incorporation of modern bladder 
cancer tests into clinical decision-making, we also lack 
recognized ‘good clinical practice’ guidelines for the eval-
uation of diagnostic markers. The different phases for de-
velopment and validation of diagnostic markers in clini-
cal practice have been defined  [8] . However, these four 
phases, defined in analogy to the classification used for 
therapeutic trials, still provide only a framework for the 
detailed assessment of a new diagnostic marker  [3, 9] .

  Potential Indications for Marker Use 

 The following putative indications for the use of 
diagnostic bladder cancer markers can be delineated: 
(1) screening for voiding symptoms, hematuria and risk 
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testing, and (3) follow-up of patients with bladder can-
cer.

  Screening 
 Bladder cancer screening could be an indication for 

the use of a noninvasive diagnostic test. Although the 
mortality/incidence ratio is higher for bladder than pros-
tate cancer, the low prevalence of bladder cancer in the 
general population along with the low mortality from 
bladder cancer due to a large number of cases with non-
fatal tumors has been an obstacle to develop effective 
screening strategies for bladder cancer. Nevertheless, data 
from a few screening trials and theoretical considerations 
on cost-effectiveness issues recently have revitalized this 
discussion  [10] . Screening of well-defined high-risk pop-
ulations with a disease prevalence comparable to other 
tumor entities that have been accepted for screening (e.g. 
breast cancer or colorectal cancer) may offer a solution to 
the problem  [11] .

  Voiding Symptoms 
 Irritative voiding symptoms are frequent in patients 

with bladder cancer. However, the prevalence of bladder 
cancer in patients with irritative voiding symptoms bare-
ly exceeds that of age-matched controls because of so 
many other conditions (e.g. benign prostatic enlarge-
ment, bladder outlet obstruction) causing these symp-
toms. Therefore, despite good correlation between irrita-
tive voiding symptoms and bladder cancer, this condition 
alone is currently not suited for the identification of a 
patient cohort that should undergo further assessment 
for bladder cancer.

  Hematuria 
 The increased bladder cancer prevalence in gross he-

maturia is accepted to justify a complete clinical work-up 
of these patients  [11–15] . This is in contrast to microhe-
maturia, a frequent condition in the general population. 
Although the prevalence of bladder cancer  [16, 17]  is low-
er in patients with microscopic hematuria, a complete 
urological work-up remains a matter of discussion  [13, 
14] . This dilemma has resulted in the discrimination be-
tween high-risk and low-risk populations with a focus of 
diagnostic efforts on patients at higher risk. Apart from 
bladder cancer, there may also be other conditions cor-
related with hematuria that require urological interven-
tion. However, information on these conditions is rare.

  The current pathways for the assessment of patients 
with hematuria have disadvantages. While endoscopy 

remains invasive and costly, it is still required because of 
the low sensitivity of urine cytology. In addition, the sen-
sitivity of imaging for the detection of upper urinary 
tract tumors is currently considered insufficient. As a re-
sult, assessment of patients with hematuria could be an 
area where new diagnostic markers could be clinically 
helpful.

  Reflex Testing 
 Use of molecular markers for so-called ‘reflex testing’ 

has gained some interest. The idea behind this strategy is 
to improve the accuracy of a previous test (mostly cytol-
ogy), as well as minimize expenses for molecular assays. 
In most cases bladder cancer patients with a negative cy-
tology test subsequently undergo reflex testing with a 
more sensitive assay. This procedure makes use of the 
high specificity of urine cytology on the one hand and 
aims at improving sensitivity of noninvasive diagnosis. 
Several studies on reflex testing have been published us-
ing the UroVysion assay  [18, 19] . One study prospective-
ly validated the role of UroVysion in patients with atypi-
cal cytology and noted cystoscopic findings had an im-
portant effect on the performance of the marker  [20] . 
Nevertheless, any ‘added value’ of this approach in the 
context of what we have described above requires valida-
tion.

  Follow-Up 
 Surveillance of patients with a history of bladder can-

cer is a key area for the use of new diagnostic markers 
because the prevalence of the disease is high in this group 
and new urinary tests will therefore have a better PPV 
than urine cytology. These tests can detect bladder cancer 
before they are visually evident  [18, 21] . However, this 
causes a significant problem in defining negative tests. 
Currently, there is no easy way of separating false-positive 
tests from true-positive tests when patients do not have a 
clinically evident tumor.

  In general, two different directions for a use of urine 
tests are conceivable: (1) surveillance of patients with 
low-risk tumors aimed at a reduction of the frequency 
of diagnostic cystoscopies, and (2) follow-up of patients 
with high-risk tumors with the intention to recognize tu-
mor recurrence and progression as early as possible.

  Some studies suggest that the use of noninvasive diag-
nostic markers in follow-up of bladder cancer may be 
helpful  [4, 22–24] ; however, prospective analyses to de-
fine the consequences from a negative or positive test re-
sult are still lacking.
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  Materials and Methods 

 Data Collection 
 This review was restricted to commercially available assays ( ta-

ble  1 ). The assessment was based upon a systematic literature 
search in medical databases (PubMed). All studies on the diagnos-
tic use of the respective markers were screened and reviews as well 
as repeated publications of the same data were identified and ex-
cluded. For some markers, well-executed meta-analyses were used 
as a basis for assessment  [23, 24] , while for other markers detailed 
analysis of studies that had been published in English through Jan-
uary 2011 was performed. Sensitivity was assessed based upon his-
topathologic results only. Studies on nonurothelial tumors or trials 
not comprising information required for a basic assessment (e.g. 
stage, grade) were excluded. If deemed necessary, additional pub-
lications in other languages were considered.

  Criteria for Assessment of Reporting, Marker Status, and Level 
of Evidence 
 In this assessment the different markers and trials were classi-

fied according to (1) the level of evidence (LoE) for diagnostic pro-
cedures (Oxford classification 2001/9)  [25] , (2) the accuracy of 
data reporting according to the STARD criteria  [26, 27] , and 
(3) the status of the marker with regard to clinical implementation 
(IBCN classification)  [8] . Finally, a consensus on four key ques-
tions was obtained prospectively: (1) ‘(How) can molecular mark-
ers support screening of patients at risk of having or developing 
bladder cancer?’, (2) ‘(How) can molecular markers be used in re-
flex testing for bladder cancer?’, (3) ‘(How) can molecular markers 
support follow-up of patients with superficial low risk bladder can-
cer?’, and (4) ‘(How) can molecular markers support follow-up of 
patients with superficial high risk bladder cancer?’. All statements 
and recommendations were discussed within the group. Recom-

Table 1.  Commercially available bladder tumor markers (basic information)

Test/marker Marker detected/marker type Specimen Assay type FDA approval Manufacturer

Cytology tumor cells voided urine, 
barbotage specimen,
exfoliated cells

microscopy n.a.

Hematuria 
detection

A: hemoglobin
B: RBC

A: voided urine
B: voided urine

A: dipstick
B: interference-contrast microscopy or
RBC analyzer 

– A: Bayer Corp.
B: –

BTA stat complement factor H-related 
protein (and also complement 
factor H)

voided urine dipstick immunoassay diagnosis, 
follow-up

Bard/Bion 
Diagnostics

BTA TRAK complement factor H-related 
protein (and also complement 
factor H)

voided urine sandwich ELISA diagnosis, 
follow-up

Bard/Bion 
Diagnostics

NMP22 nuclear mitotic apparatus 
protein

voided urine sandwich ELISA follow-up Matritech, Inc.

NMP22 nuclear mitotic apparatus 
protein

voided urine point-of-care device diagnosis high 
risk, follow-up

Matritech, Inc.

BLCA-4 nuclear matrix protein voided urine ELISA (using a rabbit polyclonal 
antibody)

– Eichrom 
Technologies

Survivin a member of inhibitors of 
apoptosis gene family

voided urine bio-dot test (dot-blot assay using a rabbit 
polyclonal antibody), ELISA assay

– Fujirebio 
Diagnostics Inc.

UBC CK 8 and 18 (cytoskeletal 
proteins)

voided urine sandwich ELISA or a point-of-care test – IDL Biotech.

CYFRA 21-1 CK 19 (a cytoskeletal protein) voided urine immunoradiometric assay or 
electrochemiluminescent immunoassay

– Bio International; 
Roche Diagnostics

DD23 185-kDa tumor-associated 
antigen

exfoliated cells immunocytochemistry UroCor Labs 

uCyt+ carcinoembryonic antigen, 
two bladder tumor cell-
associated mucins

voided urine, 
exfoliated cells

immunocytochemistry follow-up Scimedx, Inc. 

UroVysion alterations in chromosomes 3, 
7, 17 and 9p21

voided urine, 
exfoliated cells

multicolored, multiprobe FISH diagnosis, 
follow-up

Abbott, Vysis
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mendations were provided and categorized according to the crite-
ria of the Agency for Health Care Policy and Research (AHCPR) 
 [28]  and required consensus of the group.

  Marker Performance 

 In this part of the assessment, information on the per-
formance of commercially available molecular diagnostic 
markers is provided. This information is based upon a 
critical evaluation of the currently available literature.

  The performance of biomarkers depends on their sen-
sitivity (positivity of a marker in the presence of disease), 
specificity (negativity of a marker in the absence of dis-
ease), PPV (probability of disease if a marker is positive), 
and negative predictive value (NPV) (probability of no 
disease if a marker is negative). A threshold can be set for 
interpreting a test result as positive or negative, which in 
turn influences a marker’s sensitivity or specificity ( fig. 1 ). 
A marker’s predictive value will be influenced by the 
prevalence of a condition in a test population, thereby af-
fecting calculations of the probability of the presence or 
absence of the disease in that population on the basis of a 
positive or negative test result ( fig. 2 ).

  Thresholds can be set to determine the likelihood of 
detecting true- versus false-positive and true- versus 
false-negative test results. The resultant increased or de-
creased sensitivities or specificities can determine the 
usefulness of a biomarker meeting particular objectives in 

screening versus monitoring for disease recurrence. Ac-
cordingly, high thresholds will increase specificity while 
decreasing sensitivity because of fewer false positives and 
more false negatives ( fig. 1 ). Correspondingly, low thresh-
olds will increase sensitivity while decreasing specificity 
because of fewer false negatives and more false positives.

  Of relevance to each of the biomarkers discussed in 
this survey is the concern that decisions may be based on 
an arbitrary threshold. This will dichotomize a test that 
biologically is actually a continuous variable. Thus, al-
though thresholds may be set to determine the likelihood 
of detecting true versus false positives and true versus 
false negatives, this may be misleading in interpreting test 
results and their use. This can be important in both low-
risk and high-risk disease in influencing how a marker 
may be applied in screening, surveillance, and determin-
ing efficacy of treatment.

  Diagnosis and Surveillance 
 Performance characteristics may be obtained by as-

sessment of trials claiming to investigate a diagnostic use 
of noninvasive molecular markers. These trials are inho-
mogeneous since they are composed from case control 
studies with a high prevalence of cases and from trials 
targeting frequently poorly characterized cohorts (usu-
ally designed as ‘cases suspicious for bladder cancer’; he-
maturia in some cases) with a lower prevalence of bladder 
cancer. Therefore, the reported range of sensitivity is usu-
ally wider as compared to that in follow-up studies.

Test result

Pos (+)

Neg (–)

a

c

b

Present (+) Absent (+)

d

Disease status

Test result

Pos (+)

Neg (–)

a

c

b

Present (+) Absent (+)

d

Disease status

  Fig. 1.  Contingency analysis of sensitivity and specificity. Sensitiv-
ity = true positives a / (true positives a + false negatives c). Specific-
ity = true negatives d / (true negatives d + false positives b). 

  Fig. 2.  Contingency analysis of predictive values. PPV = true posi-
tives a / (true positives a + false positives b). NPV = true negatives 
d / (true negatives d + false negatives c). 
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  Few trials may be classified as true screening trials in-
vestigating predefined cohorts of asymptomatic individ-
uals (e.g. smokers, professionally exposed individuals, 
and cohorts randomly invited for screening), rendering 
marker-positive individuals for urological evaluation. 
These studies are addressed separately.

  Urine-Based Markers 

 NMP22 
 Nuclear matrix proteins (NMPs) are part of the struc-

tural framework of the nucleus and provide support for 
the nuclear shape. These proteins have also been attrib-
uted roles in DNA replication, in ribonucleic acid tran-
scription, and in the regulation of gene expression. One 
member of this family, nuclear mitotic apparatus protein 
(NMP22), is much more prevalent in malignant urothe-
lial cells than in their normal counterparts. Apoptosis is 
accompanied with a release of NMP22 into the urine, and 
patients with bladder cancer have a significantly elevated 
concentration of NMP22. Both a laboratory-based quan-
titative microplate enzyme immunoassay and a qualita-

tive point-of-care test (BladderChek ®  Test; Matritech 
Inc., Newton, Mass., USA) are available and are FDA-
approved for use in bladder cancer surveillance. The lat-
ter is also approved for detection of bladder cancer in 
high-risk patients.

  There have been several meta-analyses that have eval-
uated the sensitivity of commonly used markers ( table 2 ). 
When compared with cytology, NMP22 as well as other 
markers generally have a significantly higher sensitivity 
for detecting bladder cancer. This improvement in sensi-
tivity is primarily in detection of low-grade and low-stage 
bladder cancers with significant overlap in studies com-
paring markers and cytology for high-grade cancer, high-
stage cancers, and patients with CIS ( tables 2 ,  3 ). Never-
theless, in general urinary bladder markers also perform 
better in patients with higher-stage disease ( table 4 ) and 
higher biologic aggressiveness ( table 5 ).

  Data on the impact of tumor number on sensitivity are 
still controversial. Poulakis et al.  [29]  evaluated 739 pa-
tients using NMP22 (cutoff  ≥ 8.25 U/ml) and found sen-
sitivities of 79% (165/208), 90% (83/92), and 97% (96/99) 
in patients with 1, 2–3, and >3 tumors, respectively. On 
the other hand, Sánchez-Carbayo et al.  [30]  evaluated 187 

Table 2.  Marker sensitivity and specificity of cytology and commercially available markers (data from meta-anal-
yses)

Marker Median sensitivity
(range)

Median specificity
(range)

Total number of 
patients

Cytology [9] 55 (48 – 62)1 94 (90 – 96)1 3,444
Cytology [10] 34 (20 – 53) 99 (83 – 99) 2,767
Cytology [24] 35 (13 – 75) 94 (85 – 100) 5,545
Cytology [12] 44 (38 – 51)1 96 (94 – 98)1 14,260

BTA stat [9] 70 (66 – 74)1 75 (64 – 84)1 1,160
BTA stat [10] 71 (57 – 82) 73 (61 – 82) 2,534
BTA stat [24] 58 (29 – 74) 73 (56 – 86) 3,461

NMP22 [9] 67 (60 – 73)1 78 (72 – 83)1 2,290
NMP22 [10] 73 (47 – 87) 80 (58 – 91) 2,413
NMP22 [11] 71 (47 – 100) 73 (55 – 98) 2,041
NMP22 pooled [41] 68 (62 – 74)1 79 (74 – 84)1 10,119
NMP22 BladderChek [41] 65 (50 – 85) 81 (40 – 87) 2,426

ImmunoCyt [11] 67 (52 – 100) 75 (62 – 82) 959
ImmunoCyt [41] 84 (77 – 91)1 75 (68 – 83)1 3,041
This assessment 81 (42 – 100) 75 (62 – 95) 4,899

FISH (UroVysion) [13] 72 (69 – 75)1 83 (82 – 85)1 2,477
FISH (UroVysion) [41] 76 (65 – 84)1 85 (78 – 92)1 3,101
This assessment 72 (23 – 100) 80 (40 – 100) 2,852

1 95% CI.
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patients using NMP22 (cutoff  ≥ 14.6 U/ml) and found 
sensitivities of 72% (18/25) and 75% (61/81) in patients 
with single and multiple tumors, respectively. This dis-
crepancy may relate to the level of NMP22 reaching 
threshold based upon the amount of apoptotic cell debris 
(the basis of a positive test) shed into the urine. Tumor 
volume may reflect either size or number of lesions in 
contributing to a positive test result.

  There is also a possible impact of marker sensitivity 
based on whether the marker is used for detection or sur-
veillance. However, this may be related to the fact that 
tumors are larger at diagnosis or have a more advanced 
stage than during surveillance. Boman et al.  [31]  found 
that NMP22 has higher sensitivity for new compared to 
recurrent tumors, which appears to be due to higher stage 
and grade at presentation and larger tumor size.

Table 3.  Sensitivity of cytology and commercially available markers (data from meta-analyses) based on tumor 
grade

Marker Studies, n Grade 1 Grade 2 Grade 3

Cytology [10] 8 0.12 (0.04 – 0.31) 0.26 (0.17 – 0.37) 0.64 (0.38 – 0.84)
Cytology [11] 9 0.17 0.34 0.58

BTA stat [10] 8 0.47 (0.38 – 0.56) 0.73 (0.59 – 0.83) 0.94 (0.55 – 0.99)
BTA stat [11] 7 0.45 0.60 0.75

NMP22 [11] 3 0.41 0.53 0.80
NMP22 [10] 7 0.61 (0.35 – 0.81) 0.71 (0.41 – 0.90) 0.79 (0.63 – 0.89)

ImmunoCyt [24] 1 0.78 0.90 1
This assessment 19 0.75 0.84 0.84

FISH (UroVysion) [24] 2 0.56 0.78 0.95
This assessment 21 0.53 0.81 0.79

Table 4.  Association of cytology and commercially available markers (data from meta-analyses) with tumor stage 
[4]

 Marker Studies, n Ta T1 >T2 Tis

Cytology 8 0.15 (0.09 – 0.25) 0.46 (0.34 – 0.59) 0.55 (0.35 – 0.73) 0.63 (0.29 – 0.87)
BTA stat 8 0.57 (0.47 – 0.67) 0.82 (0.63 – 0.92) 0.91 (0.74 – 0.97) 0.66 (0.42 – 0.83)
NMP22 7 0.60 (0.42 – 0.76) 0.85 (0.27 – 0.97) 0.89 (0.50 – 0.98) 0.73 (0.54 – 0.86)

Table 5.  Sensitivity of cytology and commercially available markers (data from meta-analyses) and association 
with tumor aggressiveness [12]

Less aggressive/
lower risk
(pTa, G1, G2)

More aggressive 
(pT1, G3, CIS)

CIS Total number 
of patients

Cytology 27 (0 – 93) 69 (0 – 100) 78 (0 – 100) 12,566
NMP22 50 (0 – 86) 83 (0 – 100) 83 (0 – 100) 7,556
FISH (UroVysion) 65 (32 – 100) 95 (50 – 100) 100 (50 – 100) 2,164
ImmunoCyt 81 (55 – 90) 90 (67 – 100) 100 (67 – 100) 2,502

 Values are presented as median % (range).
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lower specificity compared with cytology ( table  2 ). 
NMP22 is a protein that localizes with the spindle poles 
during mitosis and thus regulates chromatid and daugh-
ter cell separation  [32] . There is a substantially higher 
level of NMP22 in the urine of patients with bladder can-
cer. However, because this protein is released from dead 
and dying urothelial cells, many benign conditions of 
the urinary tract, such as stones, infection, inflamma-
tion, and hematuria, may carry these proteins as well 
and cystoscopy can also cause a false-positive reading. 
In a study of NMP22 and BTA  stat  in 278 symptomatic 
patients who presented to a urology clinic, Sharma et al. 
 [33]  found that >80% of the false-positive results were 
clinically categorized as benign inflammatory or infec-
tious conditions, renal or bladder calculi, recent history 
of a foreign body in the urinary tract, bowel interposi-
tion segment, another genitourinary cancer, or an in-
strumented urinary sample. History of ureteral stents or 
any bowel interposition segment had a 100% false-pos-
itive rate. Exclusion of all 6 clinical categories improved 
the specificity and PPV of NMP22 (95.6%, 87.5%) and 
BTA  stat  (91.5%, 69.7%), and was similar to urinary cy-
tology.

  One consideration that is often raised is the possibil-
ity that a urine-based marker may become positive pri-
or to visualization of a tumor. This has been termed an 
‘anticipatory positive’ result. There are several studies 
that have found a greater likelihood of recurrence in pa-
tients with a positive fluorescence in situ hybridization 
(FISH) assay compared to those with negative assays in 
the absence of a visualized tumor  [34–36] . This has also 
been reported for NMP22 and ImmunoCyt/uCyt, albe-
it in a small number of patients  [12, 37, 38] . In sum-
mary, the issue of specificity is the major limitation in 
use of these urine markers. Strategies to manage pa-
tients with a positive marker  [8, 39]  without a cysto-
scopically visible tumor are crucial to the future appli-
cability of markers.

  Data Quality 
 As for other markers discussed in this assessment, 

quality of reporting according to the STARD criteria is 
moderate to poor, in part due to the fact that the major-
ity of trials were conducted earlier  [26, 27] . We conclude 
that the LoE of studies on NMP22 is LoE 3 and in some 
studies LoE 2b according to the Oxford classification  [25] . 
Phase III IBCN trials are lacking  [8, 39] . This translates 
into a maximal LoE grade 2a for meta-analyses  [4, 23, 24, 
40, 41] .

  BTA stat, BTA TRAK 
 Among the noninvasive tests developed to detect uro-

thelial carcinoma, those derived from basement mem-
brane fragments found in urine from bladder cancer pa-
tients included a series called BTA assays. The original 
BTA test was supplanted by two newer versions, the BTA 
 stat  and the BTA TRAK, which detect different protein(s) 
than the original  [42–45] . Extrapolation of sensitivity or 
specificity results from studies of the original BTA test to 
BTA  stat  or BTA TRAK are, therefore, not valid.

  Both BTA  stat  and TRAK detect human complement 
factor H-related protein (hCFHrp) and complement fac-
tor H  [45] . hCFHrp is thought to interrupt the comple-
ment cascade and confer a selective growth advantage to 
cancer cells by allowing them to evade the host immune 
system. Both tests are noninvasive and approved by the 
US Food and Drug Administration (FDA) as adjuncts to 
cystoscopy in the detection of urothelial cancer, not as 
primary diagnostic tools  [46, 47] . BTA  stat  is a qualitative 
test, while BTA TRAK is quantitative. Both have been 
performed on fresh, refrigerated, or frozen urine obtained 
as voided or catheterized specimens  [29, 31, 33, 37, 43, 46, 
48–61] .

  BTA  stat  is an inexpensive, office-based, single-step, 
immunochromatographic assay usually performed on 
voided fresh or refrigerated urine samples producing re-
sults in 5 min with minimal training of personnel  [45] . 
BTA  stat  has been used in the detection of initial, recur-
rent, and upper tract urothelial carcinoma  [29, 31, 33, 
37, 49–61] . BTA TRAK is a sandwich immunoassay 
method requiring trained laboratory technologists and 
several hours to complete. In this assay, antihuman 
complement factor H-related protein monoclonal anti-
body coated onto 96-well microtiter plate captures its 
target in urine. Comparison to a calibration curve cre-
ated from kit standards is used to determine the amount 
of hCFHrp present. The cutoff limit recommended 
by the manufacturer is 14 U/ml, where 1 U is 4.7 ng of 
hCFHrp  [46, 48, 62] .

  Using a PubMed search for ‘BTA’, we identified seven 
review articles in English on bladder tumor markers in 
use that included BTA  stat  or TRAK testing  [24, 40, 42, 
44, 46, 47, 62] . Sample source documents from these were 
selected based on frequency of citation and to include 
global urologic participants. With the exception of stud-
ies performed on archived urine specimens from prior 
studies  [43, 48] , the majority of studies discussed are 
IBCN phase II studies.

  Level 2a evidence as identified by a meta-analysis of 
data on BTA  stat  and TRAK testing was provided in these 
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review articles, with the highest number of subjects re-
ported in the articles by van Rhijn et al.  [24]  and Glas et 
al.  [40] , and each included many of the same source doc-
uments, therefore, each was dependent on the quality of 
these sources. As described by Glas et al.  [40] , the quality 
of the literature is weak and we concur based on our eval-
uation using the STARD checklist  [27] . No study met all 
25 STARD items.

  There are several clinical scenarios in which either of 
the BTA tests could prove useful. The first is as a diagnos-
tic tool for the detection of primary urothelial carcinoma 
in subjects with signs and symptoms of bladder cancer or 
at screening of risk populations. The FDA has not ap-
proved either BTA  stat  or TRAK for this indication  [2] . 
In a meta-analysis by Glas et al.  [40]  including 1,160 sub-
jects, sensitivity of BTA  stat  was 70% (95% CI: 66–74) and 
specificity was 75% (95% CI: 64–84). In contrast, sensitiv-
ity and specificity of the BTA TRAK test were 66% (95% 
CI: 62–71) and 65% (95% CI: 45–81), respectively, on data 
collected from 829 subjects in this meta-analysis. Thus, 
level 2a evidence does not support the use of either BTA 
test alone for the detection of urothelial carcinoma ( ta-
ble 6 ).

  Glas et al.  [40]  further contributes to our understand-
ing of the literature by noting how study design influ-

enced results. With regard to the BTA  stat  test, sensitivity 
was estimated to be significantly lower in case control 
studies (66%, 95% CI: 60–71) when compared to cohort 
studies (77%, 95% CI: 71–82). Specificity of the BTA  stat  
test was overestimated when interpretation of results oc-
curred in a nonblinded manner. Glas et al.  [40]  described 
the studies available for this meta-analysis as ‘weak’ as 
most were not a consecutive series of subjects suspected 
of having a bladder tumor with independent assessment 
of the marker test and reference standard.

  Monitoring of subjects with a prior history of blad-
der cancer for recurrence is an indication for which the 
FDA has approved the BTA tests as an  adjunct  to cys-
toscopy  [47] . A systematic review’ by van Rhijn et al. 
 [24]  appears to address this scenario. The authors re-
port a total of 1,377 subjects studied with BTA  stat  and 
360 subjects on whom BTA TRAK was performed. The 
median sensitivity was higher for BTA TRAK than BTA 
 stat  (71 vs. 58%, respectively). Vice versa, the median 
specificity was higher (73%) for 2,084 BTA  stat -tested 
non-bladder cancer subjects than for 195 BTA TRAK-
tested controls (66%). Subset analysis of recurrent tu-
mor stratified by grade showed lower sensitivities for 
grade 1 and 2 tumors for both BTA  stat  and TRAK 
(grade 1 = 45 and 55%, respectively; grade 2 = 60 and 

Table 6.  BARD stat assay: individual analyses for overall sensitivity and specificity

Reference 
(first author)

n Sensitivity Specificity True
positives

True
negatives

False
positives

False
negatives

PPV NPV

Sarosdy [43] 220 58% 72% 147 75 32 73 82% 51%
Wiener [49] 291 57% 68% 62 NS 64 NS 56% 70%
Pode [51]1 250 83% 69% 106 NS NS 22
Irani [139] 81 65% 72% 32 23 9 17
Babjuk [60] 88 87% 74% 18
Sözen [52] 140 69% 68% 28 68 32 12 70% 67%
Leyh [50] 240 65% 64% 70 79 45 37
Sharma [33] 278 68% 82% 23 201 43 11 35% 83%
Ramakumar [53] 196 74% 73% 481 101 38 15 54% 87%
Giannopoulos [37] 168 72% 57% 50 28 28 18 70% 58%
Nasuti [54] 100 100% 84% 3 81 16 0 16% NS
Heicappell [55] 354 63% 93% 105 174 13 62
Raitanen [57] 445 53% 86% 63 246 81 55 44% 82%
Boman [31] 2502 64% 64% 96 91 17 55 85% 62%
Schroeder [59] 115 53% 77% 31 59 18 28 63% 68%
Halling [35] 2803 78% 74%
Serretta [140] 179 57% 62% 16 24 40 12
Poulakis [29] 739 70% 67% 279 223 110 120 72% 65%

 NS = Not stated. 1 289 samples from 250 patients. 2 304 samples from 250 patients. 3 280 samples from 250 patients. 
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and 74%, respectively). A trend of increasing sensitivity 
and specificity for overall tumor detection was noted 
with increasing tumor stages  [62] . Furthermore, the 
BTA  stat  test has been shown to have a lower sensitiv-
ity for detecting recurrent as opposed to primary tu-
mors; possibly related to the smaller size of recurrent 
tumors, BTA TRAK showed increasing sensitivity and 
specificity with higher tumor grades and stages ( table 6 ) 
 [44] .

  Because complement factor H is present at high con-
centrations in blood, a false-positive BTA  stat  or TRAK 
test will occur when hematuria is present, regardless of 
the presence or absence of urothelial tumor  [46, 47] . More 
than 80% of false positives to either form of BTA test oc-
cur in subjects with hematuria, dysuria, incontinence, a 
history of intravesical therapy, ureteral stents or nephros-
tomy tubes, renal or bladder calculi, benign inflamma-
tory disease (urinary tract infections or prostatitis), bow-
el interpositions, or other genitourinary cancers (renal or 
prostate)  [33, 46, 47, 50, 54] . While use of exclusionary 
criteria improve the performance of both BTA tests, the 
signs and symptoms of benign inflammatory conditions 
overlap those seen in subjects with urothelial carcinoma. 
This limits the usefulness of the tests for discriminating 
between malignant and nonmalignant states  [33, 54] . In 
particular, false positives for up to 2 years after intravesi-
cal bacillus Calmette-Guerin therapy limits the usefulness 
of BTA tests in monitoring for recurrent tumor  [51] . False 
positives are more commonly seen with the BTA  stat  as 
opposed to the BTA TRAK test  [47] . False positives are 
seen in <5% of subjects with no known urinary pathology 
 [33] .

  Relatively few recent studies have been published on 
the BTA tests, and most date from 1999 to 2001. This may 
in part be explained by the decreasing levels of specificity 
reported for the BTA  stat  test between 1997 and 2001, and 
thus, lower enthusiasm for its use. Additionally, the in-
crease in regulatory controls for office-based laboratory 
procedures such as the BTA  stat  test and declining reim-
bursement for point-of-contact testing by Medicare and 
private health insurance companies have likely reduced 
use of these tests.

  Suggested Future Trials for Use of the BTA  stat  and 
TRAK Tests 
 At this time, we have not found evidence to endorse 

use of either BTA test in screening for bladder cancer. Use 
of BTA  stat  in subjects with a history of urothelial cancer 
and a normal urinalysis could be prospectively studied to 

determine if this combination of tests (which might fail 
to detect small, low-grade recurrences) could safely re-
duce the frequency of surveillance cystoscopies without 
compromising cancer control. The suggestion by Blu-
menstein et al.  [63]  that serial measurements of BTA 
TRAK tests could be useful in predicting recurrence in the 
individual patient requires confirmation in a large pro-
spective multicenter trial.

  UBC Tests 
 UBC-Rapid and UBC-ELISA tests are immunological 

assays available from IDL Biotech (Borlange, Sweden). 
Both assays detect cytokeratin (CK) 8 and 18 fragments 
in urine. CKs are intermediate filament-type cytoskeletal 
proteins specific for epithelial cell origin. In human cells, 
a total of 20 CKs have been identified and the expression 
of CK 8, 18, 19, and 20 at the protein or mRNA level has 
been evaluated as bladder cancer markers  [64] . Since CKs 
are intracellular proteins, the detection of these proteins 
in urine is possible only when they are released in urine 
following cell death. The UBC-Rapid assay is a qualitative 
point-of-care assay wherein CK 8 and 18 fragments pres-
ent in urine react with gold-labeled antibodies forming a 
complex  [65] .

  UBC-ELISA is a solid-phase two-step colorimetric 
sandwich assay. Specimens, standards, and controls are 
incubated in microtiter wells coated with a mouse mono-
clonal anti-UBC antibody. The manufacturer-suggested 
cutoff limit for UBC-ELISA is 12 μg/l. The UBC-ELISA 
requires sending samples to specialized laboratories, 
where trained personnel can conduct the ELISA.

  A PubMed search of ‘UBC and bladder cancer’ result-
ed in 73 hits. After examining the title and the abstract of 
each article, 19 articles were found to be on UBC tests. In 
these 19 studies, 623 subjects were assayed by the UBC-
Rapid test and 3,102 individuals were assayed by UBC-
ELISA.

  According to the STARD criteria, the quality of many 
articles was moderate to good, with a few articles display-
ing excellent quality of reporting. The majority of studies 
provided LoE grade 3 and 4 evidence. Three cohort stud-
ies were classified as LoE 2b and one study by Hedelin et 
al.  [66]  was a prospective screening study.

  Meta-analysis of UBC-Rapid in three studies reporting 
623 patients (UBC-Rapid assay was performed on 515 of 
these patients) showed an overall sensitivity of 59.3% with 
86.1% specificity. However, it is noteworthy that barring 
the initial study  [65] , in two other studies, the overall sen-
sitivity was less than 50%  [58, 59] . For UBC-ELISA, dif-
ferent studies have used different cutoff limits with a 
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wrange of 0.16–15 μg/l. In one study, the cutoff limit was 
called an ‘index value’, which was calculated by dividing 
the value during follow-up by the value before the first 
transurethral resection  [61] . In some studies, the UBC 
values were normalized to creatinine, whereas in other 
studies they were not normalized; the manufacturer does 
not recommend such normalization. For these reasons, a 
valid meta-analysis of UBC-ELISA results from different 
studies cannot be performed.

  Survivin 
 Survivin is a member of the inhibition of apoptosis 

protein gene family. Survivin levels are elevated in blad-
der cancer, and therefore, survivin has been suggested as 
a promising biomarker for bladder cancer  [67–69] . The 
commercially available bio-dot assay (Fujirebio Diagnos-
tics Inc.) for survivin is a dot-blot assay, where urine sam-
ples are blotted onto a nitrocellulose or Immobilon-P 
membrane and the amount of survivin in specimens is 
determined by chemiluminescence from a standard 
curve. This assay, however, has been replaced by a sand-
wich ELISA assay and current tests reported in various 
articles are either quantitative reverse transcription poly-
merase chain reaction (Q-PCR) or qualitative reverse 
transcription PCR (RT-PCR) assays.

  A PubMed search of ‘survivin and bladder cancer’ re-
sulted in 126 hits, which included 12 reviews. After exam-
ining the title and the abstract of each article, 10 articles 
were found to have evaluated the efficacy of survivin as a 
urine marker using the bio-dot, Q-PCR, or RT-PCR as-
says. One of these studies was a prospective cohort screen-
ing study, but it did not include any bladder cancer cases 
 [70] .

  According to the STARD criteria, the quality of sev-
eral articles was moderate to good, with a few articles dis-
playing excellent quality of reporting. The majority of 
studies provided LoE grade 3 and 4 evidence. Three co-
hort studies were classified as LoE 2b and one study by 
Davies et al.  [70]  had both a retrospective blinded cohort 
and a prospective cohort.

  Since the dot-blot assay detects survivin protein and 
the PCR assays detect mRNA expression, the results re-
ported in studies using the dot-blot and PCR assays can-
not and should not be used to perform a meta-analysis of 
the survivin marker. Furthermore, in each study the PCR 
primers used for Q-PCR or RT-PCR were different, and 
therefore no two PCR studies are alike. Given that each 
study has used different techniques to assay survivin ex-
pression, this marker is not ready for diagnosis and/or 
surveillance of bladder cancer patients.

  BLCA-4 
 BLCA-4 assay is a sandwich ELISA commercially 

available from Eichrom Technologies (Lisle, Ill., USA). 
BLCA-4 is an NMP and has homology to ELK3 gene, a 
member of the ETS family of transcription factors  [71] . 
BLCA-4 is differentially upregulated in bladder cancer 
cells and tissues and was identified by two-dimensional 
gel electrophoresis of the nuclear matrix components 
from normal and tumor tissues  [72] .

  A PubMed search of ‘BLCA-4 and bladder cancer’ re-
sulted in 14 hits, which included six reviews on bladder 
tumor markers. After examining the title and the abstract 
of each article, three articles were found to evaluate the 
efficacy of the BLCA-4 marker for the detection of blad-
der cancer. All of these studies were of a case-control na-
ture and from a single institution  [73–75] .

  According to the STARD criteria, the quality of the 
three articles which evaluated the efficacy of BLCA-4 by 
ELISA was good. Since these were case-control studies, 
the evidence provided was classified as grade III. Since 
these three studies either used the same or similar patient 
populations  [73, 74]  or different assays, a meta-analysis 
cannot and should not be performed.

  CYFRA 21-1 
 CYFRA 21-1 is a CK-based assay. CKs are intermedi-

ate filament proteins specific for epithelial cells. A given 
epithelium can be characterized by a chain-specific CK 
expression pattern. In general, overexpression of a par-
ticular chain-specific CK is associated with the bladder. 
CYFRA 21-1 is an ELISA that detects fragments of CK 19 
with the help of two monoclonal antibodies (BM19.21 
and KS19.1) in urine. Urinary stones, infection, and 
previous intravesical treatment with bacillus Calmette-
Guerin caused false-positive results  [76] . In three studies 
from two institutes analyzing CYFRA 21-1 in patients un-
der surveillance, sensitivity was 85% in 156 cancer-posi-
tive patients. Specificity was 82% in 323 patients with no 
tumor at cystoscopy. Sánchez et al.  [30, 77]  reported sim-
ilar results for NMP22 and CYFRA 21-1 which is not 
what one would expect from a urine marker with such 
a high potential. Moreover, the number of studies with 
CYFRA 21-1 is relatively low, cutoff values have not yet 
been defined properly, and the additional value over 
NMP22 is not obvious.

  The body of evidence for CYFRA 21-1 is limited. Only 
few reports on marker performance have been published. 
Reporting quality is moderate to poor, the LoE provided 
ranged from 4 to 3b, and marker status according to the 
IBCN criteria is considered to be level I. In summary, CK-
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however, current information at this stage is insufficient 
for any definite statements on the clinical use in bladder 
cancer detection and follow-up.

  Cell-Based Assays 

 DD23 
 DD23 is a murine monoclonal antibody that was eval-

uated in 1996 with quantitative fluorescence image anal-
ysis in exfoliated urothelial cells  [78] . When used as a 
quantitative marker to detect bladder cancer, sensitivity 
was 85% (41 cases) and specificity in asymptomatic age-
matched controls was 95% (41 subjects)  [78] . The DD23 
assay test was subsequently developed using an avidin-
biotin alkaline phosphatase immunocytochemical proce-
dure  [79, 80] . A single positive cell was considered a pos-
itive urine test. In 308 cases under surveillance for non-
muscle-invasive bladder cancer, sensitivity was 81% and 
specificity 60%  [79] . In another study from the same au-
thors in 81 patients analyzing 151 samples, sensitivity was 
70% and specificity 60%  [80] . The authors concluded that 
DD23 was able to enhance the sensitivity of cytology, in 
particular for low-grade tumors  [79, 80] . The first results 
in patients under surveillance are characterized by a low 
specificity which implies that DD23 is not an ideal mark-
er to lower the cystoscopy frequency in these patients.

  The body of evidence for DD23 is limited. Only few 
reports on marker performance have been published. Re-
porting quality is moderate to poor, the LoE ranged from 
4 to 2b, marker status according to the IBCN criteria is 
considered to be level I. In summary, current data do not 
permit definite conclusions on a clinical use of DD23.

  uCyt+ TM /ImmunoCyt TM  
 The uCyt+ TM  assay, formerly ImmunoCyt TM , is a com-

mercially available immunocytological assay based upon 
microscopic detection of tumor-associated cellular anti-
gens in urine-derived urothelial cells by immunofluores-
cence (Scimedx Inc., Denville, N.J., USA). For tumor cell 
detection, an antibody cocktail containing fluorescein-
labeled monoclonal antibodies M344 and LDQ10 direct-
ed against sulfated mucin glycoproteins and Texas red-
linked antibody 19A211 against glycosylated forms of 
high molecular carcinoembryonic antigens is used. After 
staining, the samples are studied for immunofluores-
cence, examining more than 500 nuclei. In most studies, 
specimens with  ≥ 1 green or red urothelial cell are consid-
ered immunocytologically positive.

  The uCyt TM  test is a cell-based assay. Assay costs and 
requirements concerning lab equipment, time for speci-
men processing and reading, and experience necessary 
for adequate interpretation of the staining must be con-
sidered to be high. These properties restrict the use of this 
test to more specialized laboratories. Reproducibility, i.e. 
interobserver variability, is reasonable provided that 
reading is performed by trained staff with ample experi-
ence  [81] .

  A literature search on the terms ‘immunocytology’, 
‘immunocyt’, ‘uCyt’, and ‘bladder cancer’ yielded 49 hits. 
After removal of reviews, meta-analyses, and redundant 
trials, 20 studies assessable for criteria concerning assay 
performance and comprising more than 5,000 individu-
als were identified, forming the basis for this assessment 
of assay performance  [13, 82–114] .

  Accuracy of reporting according to the STARD criteria 
 [26, 27]  was mostly moderate or poor, with only a few 
papers displaying good reporting quality. Specifically, in-
formation on the training and experience of investiga-
tors – a parameter highly affecting uCyt TM  results – was 
not provided, and information on the blinding of inves-
tigators towards clinical observations was rare. The ma-
jority of trials provided LoE grade 3 and 4 evidence; how-
ever, information from eight cohort studies was classified 
as LoE 2b.

  One remarkable feature of the uCyt TM  assay is a repro-
ducibly high sensitivity specifically in low-grade lesions. 
On average, the detection rate for low-grade tumors was 
75%, and sensitivity for G2 and high-grade tumors was 
approximately 85% ( table 7 ). Overall specificity was 75%. 
Discriminating between diagnostic and follow-up trials, 
sensitivity appears to be lower specifically in low- and in-
termediate-grade lesions in diagnostic studies as com-
pared to follow-up trials. However, this conclusion is 
based on a small number of cases.

  The uCyt TM  assay has been reported to be confounded 
by a variety of different urological conditions (benign 
prostatic enlargement, hematuria, urolithiasis, and in-
flammatory conditions). However, studies in hematuria 
populations suggest that the impact of these conditions 
on test specificity is limited  [12, 13, 115] .

  There was one prospective trial on marker-guided fol-
low-up providing information that may be classified as 
LoE grade 1b  [116, 117]  according to the Oxford classifi-
cation for diagnostic procedures  [25] . The very same trial 
was classified as a phase III trial concerning the IBCN 
classification on marker development  [8] , while all re-
maining studies were considered phase II.
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Reference
(first author)

Study design  Study type Sensitivity, % Specificity, %

diagn osis/
follow-up

pa-
tients

grade I/
LG

grade II grade III/
HG/CIS

remarks LoE IBCN1/
STARD2 status

Fradet [141] case-control mixed 300 23/27
(85.2)

41/43
(93)

24/25
(96)

79/102
(77.3)

272/300 inf. 4 I
16/25

Mian [92] cohort mixed 264 21/25
(84)

22/25
(88)

28/29
(97)

135/170
(79.4)

249/264 inf. 3b II
18/25

Olsson [93] cohort mixed 121 8/8
(100)

14/14
(100)

8/8
(100)

57/83
(68.7)

114/121 inf. 3b II
15/25

Lodde [94] cohort
(UUT!)

diagnostic 37 1/3
(33)

6/6
(100)

4/5
(80)

20/21
(95)

2b II
15/25

Mian [95] cohort mixed 181 25/31
(80.6)

21/24
(87.5)

23/25
(92)

71/101
(71)

173/181 inf. 3b II
16/25

Feil [96] cohort mixed 92 1/7
(14.3)

4/9
(42.9)

6/10
(60)

73/87
(83.9)

113/121 inf. 3b II
14/25

Piaton [97]
Pfister [98]

cohort diagnostic 236 4/10
(40)

15/17
(88.2)

23/30
(76.7)

130/151
(83.3)

231/236 inf. 2b II
19/25

Piaton [97]
Pfister [98]

cohort follow-up 458 13/21
(61.9)

16/24
(66.7)

30/39
(76.9)

286/342
(81.9)

451/458 inf. 2b II
19/25

Hautmann [99] case-control diagnostic 94 3/4
(75)

7/15
(46.7)

9/11
(81.8)

48/64
(75)

PPV 54.5
NPV 81.3

4 II
14/25

Toma [100] cohort mixed 126 6/7
(85.7)

17/23
(73.9)

10/12
(83.3)

60/82
(72.5)

3b II
13/25

Tetu [101] cohort follow-up 904 48/64
(75) 
(LMP+LG)

34/40
(85)

453/734
(62)

870/904 inf.
PPV 26
NPV 93

2b II
17/25

Messing [102] cohort follow-up 341 22/28
(79)

9/10
(90)

4/6
(67)

206/274
(75)

327/341 inf.
PPV 72
NPV 74

2b II
19/25

Mian [105] cohort
(CIS!)

mixed 35 35/35
(100)

12/17
(70.6)

3b II
15/25

Mian [104] marker-guided
(prospective)

follow-up 942 96/121 
(79.3)

74/88
(84.1)

82/89
(92.1)

1,152/1,588#
(72.5)

1881/1991 inf. 1b III
17/25

Sullivan [106] cohort follow-up 41 8/13
(62)

11/11
(91)

10/16
(63)

PPV 43
NPV 88

2b II
17/25

Schmitz-Dräger
[109]

cohort
(microhematuria)

diagnostic 222 4/6
(66)

4/4
(100)

170/201
(85)

211/222 inf.
PPV 25.8
NPV 99

2b II
18/25

Soyuer [107] case-control mixed 90 24/31
(77.4)

21/23
(91.3)

31/36
(86.1)

PPV 90
NPV 79.5

4 II
15/25

Horstmann [108] cohort follow-up 221 20/32
(62)

44/53
(82)

20/28
(72)

78/108
(72)

PPV 72
NPV 74

2b II
17/25

Schmitz-Dräger 
[110]

cohort
(gross hematuria)

diagnostic 103 7/8
(87)

11/13
(85)

64/78
(82)

100/103 inf.
PPV 57.6
NPV 94.4

2b II
19/25

Li [111] case-control mixed 191 76/93
(81.6)

85/98
(86.7)

4 II
15/25

Total 4,899 334/446
(74.9)

290/344
(84.3)

387/462
(83.8)

2,068/2,745
(75.3)

4,992/5,242
95.2

(For footnote see next page.)
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 The UroVysion multicolor FISH test (Vysis, Abbott 

Laboratories, Des Plaines, Ill., USA) is a cell-based assay 
containing probes to the centromeres of chromosomes 3, 
7, and 17, and to the 9p21 locus. The assay was approved 
by the FDA for surveillance of patients with previous 
bladder cancer as well as for diagnosis in hematuria. A 
minimum of 25 morphologically abnormal cells is viewed. 
Detection of four or more cells that have gains in two or 
more of chromosomes 3, 7, and 17 in the same cell or at 
least 12 cells without a signal for P16 tumor suppressor 
gene locus 9p21 are mostly classified as a pathologic re-
sult. However, a variety of different definitions and cutoff 
levels are being used  [23] .

  Assay costs and requirements concerning lab equip-
ment, time for specimen processing, and reading, as well 
as experience necessary for adequate interpretation of the 
staining, must be considered to be high. These properties 
restrict the use of this test to more specialized laboratories 
and may also explain the great ranges in sensitivity and 
specificity reported for this assay. Reproducibility has 
been reported to be good provided that the reading is per-
formed by experienced laboratory staff. The UroVysion 
assay has been reported to be confounded by a variety of 
different urological conditions (other tumors, urolithia-
sis, and inflammatory conditions). Another limitation is 
that a rate of noninformative cases of approximately 10% 
must be anticipated ( table 8 ).

  A literature search on the terms ‘FISH’, ‘UroVysion’, 
and ‘bladder cancer’ yielded 331 hits. After removal of 
reviews, meta-analyses, and redundant trials, 21 studies 
assessable for criteria concerning assay performance and 
comprising 2,852 individuals were identified, forming the 
basis for this assessment of assay performance  [18, 34–36, 
84, 86–91, 95, 118–127] .

  Accuracy of reporting according to the STARD criteria 
 [26, 27]  was mostly moderate or poor, with few – mostly 
more recent – papers displaying good reporting quality. 
Specifically, information on the training and experience 
of investigators – a parameter highly affecting UroVysion 

results – is not provided and information on the blinding 
of investigators towards clinical observations is rare. Ten 
trials provided LoE grade 3 and 4 evidence; however, in-
formation from 11 cohort studies was classified as LoE 2b.

  The broad range of sensitivity and specificity for 
UroVysion FISH reported in different papers is notable 
and may not only reflect patient selection, study design, 
and tumor prevalence, but also technical aspects such 
as cutoff definitions and experience of laboratory staff. 
However, in systematic reviews and meta-analyses, sen-
sitivity has been found to exceed 70% and even approach 
80% when omitting small and low-grade lesions  [23] . 
This is paralleled by a high specificity of approximately 
80%, but again with a broad range of 43–100% ( table 8 ).

  Although there is a relatively high rate of false-positive 
results translating into a relatively low PPV of the test, 
findings from several studies suggest that the low specific-
ity in follow-up trials may be explained in part as an an-
ticipatory positive result in which a premalignant change 
precedes the discovery of a recurrent malignancy  [18, 
118, 128] . One study  [118]  found that 89% of the patients 
who had a false-positive test had a positive bladder bi-
opsy within 12 months of the test, while another found 
that FISH preceded tumor recurrence in 85% of patients 
 [128] . Nonetheless, the real role of an anticipatory posi-
tive result is still unclear as many patients with non-mus-
cle-invasive bladder cancer eventually experience disease 
recurrence.

  In considering the observations and conclusions re-
ported in these studies, it also becomes important to con-
sider the cost of these tests, especially if sufficient infor-
mation is otherwise available through less costly standard 
examinations (cystoscopy, cytology) or other approved 
biomarkers. Because of the importance of determining 
any ‘added value’ in the use of a particular test, costs, dif-
ficulty in performance, confusion of interpretation in a 
particular clinical setting, and the ‘emotional stress’ en-
countered by both patient and physician in assessing the 
reliability of a test result should all be considered in the 
application of any marker for ‘routine’ clinical use.

 

(Footnote to table 7.)

Low-grade tumors according to the 2004 classification were included in 
the G1 category according to the 1973/1998 classification; high-grade tu-
mors according to the 2004 classification and CIS were included in the G3 
category. inf. = Informative; UUT = upper urinary tract tumors; # = number 
of tests (not of patients, thus not considered for specificity calculation). Co-
hort study: consecutive patients, no healthy controls included; marker-guid-
ed prospective trial: clinical decision-making based upon marker result. 

LoE: case-control studies were considered LoE grade 4, studies including 
diagnostic and follow-up patients were considered LoE grade 3b, studies in-
cluding clearly defined patient cohorts, consecutive cases were considered 
LoE grade 2b, results from a marker-guided prospective trial were consid-
ered LoE grade 1b. 1 Marker status according to IBCN classification 2008. 
2 Number of requirements met according to STARD recommendations. 
Note: Li [125] data for specificity but not considered for sensitivity analysis.
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Reference 
(first author)

Study design Study type Sensitivity, %  Specificity, %

diagnosis/
follow-up

pa-
tients

grade I/
LG

grade II grade III/
HG/CIS

remarks LoE IBCN1/
STARD2 
status

Bubendorf [36] case-control mixed 91 15/21 
(71)

25/29 
(86)

16/17 
(94)

26/27 
(96.3)

concordance
voided/
barbotage 85%

4 II
15/25

Placer [126] case-control mixed 86 8/15 
(53.3)

10/12 
(83.3)

19/19 
(100)

29/34 
(85.3)

4 II
18/25

Sarosdy [34] cohort/
case-control
(separate)

follow-up 438 12/22 
(55)

7/9 
(78)

17/18 
(94)

 75/114 (65.8)
260/275 (94.5) 
controls

2b II
19/25

Mian [95] cohort mixed 57 7/8 
(87)

19/19 
(100)

1/1 
(100)

11/24 
(46.4)

5/57 n. inf. 3b II
16/25

Skacel [118] cohort
reflex
(neg. cytol.)

diagnostic 111 19/23 
(83)

28/35 
(80)

23/24 
(96)

28/29 
(97)

2b II
19/25

Veeramachaneni 
[84]

n.r. mixed 121 1/3
(33)

12/14
(84)

0/1
(0)

n.r. 36/121 4 II
15/25

Krause [124] case-control mixed 84 10/14
(71)

10/11
(91)

44/44
(100)

25/35
(71)

4/106 4 II
17/25

Varella-Garcia 
[127]

cohort follow-up 19 2/2
(100)

3/3
(100)

1/2
(50)

12/12
(100)

2b II
17/25

Pycha [120] cohort follow-up 49 12/35 
(34.3)

12/14 
(85.7)

2b II
17/25

Kipp [123] cohort
prospective

follow-up 37 12/25 
(48)

12/12
(100)

after intra-
vesical 
prophylaxis

2b II
17/25

Laudadio [125] cohort mixed 300 14/25 
(56)

18/19 
(95)

167/256 
(65)

16/141 n. inf. 3b II
16/25

Junker [122] cohort diagnostic 121 n.r.
(37)

n.r.
(65.4)

n.r.
(91.7)

23/28
(82.6)

20/141 n. inf. 2b II
16/25

Bergmann [121] cohort
retrospective

follow-up 41  30/39#
(77)

80/86#
(93)

16/162 n. inf. 2b II
17/25

Moonen [38] cohort follow-up 105 6/27
(21.4)

7/19
(36.8)

12/18
(66.7)

37/41
(89.7)

10/113 n. inf. 2b II
18/25

Yoder [18] cohort reflex
(neg. cytol.)

follow-up 249 6/19 
(31.6)

15/20 
(75)

38/42 
(90.5)

147/168 
(87.5)

35/56 pat. 
(62.5%) UC 
neg., FISH pos. 
develop tumor

2b II
20/25

Riesz [90] case-control diagnostic 50 4/9 
(44.4)

16/16 
(100)

14/14 
(100)

11/11 
(100)

5/55 n. inf. 4 I
14/25

Frigerio [87] case-control
retrospective

mixed 56 10/18 
(55)

21/24 
(87.5)

n.r. 4 I
(14/25)

Ferra [119] cohort reflex
susp./pos. cytol.

n.r. 140 9/19
(47.4)

45/60
(75)

27/68
(39.7)

10/161 n. inf. 3b II
17/25

Caraway [86] cohort
retrospective

mixed 600  170/263
(64.6)

540/632#
(85.4)

65/1006 n. inf. 3b II
16/25

Youssef [91] cohort follow-up 
neg. cytol.!

142 1/7
(14.3)

3/10
(30)

100/106
(94.3)

19/142 n. inf. 2b II
18/25

Mian [88] cohort diagnostic 
(UUT)

55 24/24
(100)

34/38
(89.5)

1/68 n. inf. 2b II
17/25

Total 2,852 124/232
(53.4)

152/187
(81.3)

296/373
(79.3)

1,036/1,293
(80.1)

206/2,263
(9.1)

(For footnote see next page.)
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 Screening for bladder cancer, i.e. investigation of an 
asymptomatic population, represents a specific diagnos-
tic challenge. While screening for breast cancer and 
colorectal cancer has gained social acceptance, bladder 
cancer screening has not been considered a reasonable 
approach, mainly due to the low prevalence of the disease 
in an unselected population. Nevertheless, few studies 
have been published reporting on screening for bladder 
cancer in populations with an increased risk of develop-
ing bladder cancer.

  Hematuria 
 Messing and colleagues  [17, 129–131]  invited 1,575 

men aged 50 years and older to test their urine repetitive-
ly with a chemical reagent strip for hemoglobin. Partici-
pants with positive test results underwent standard uro-
logic evaluation. Bladder cancer stages and grades as well 
as the outcomes of men with screen-detected tumors 
were compared with the grades, stages, and outcomes of 
an age-matched cohort of men with newly diagnosed 
bladder cancer who were reported to the Wisconsin Tu-
mor Registry in 1988 (n = 509). 258 screening participants 
(16.4%) were evaluated for hematuria, and 21 partici-
pants (8.1%) were diagnosed with bladder cancer. Pro-
portions of low-grade (grades 1 and 2) superficial (stages 
Ta and T1) versus high-grade (grade 3) superficial or in-
vasive (stage  ≤ T2) cancers in screened men (52.4 vs. 
47.7%) and in men from the tumor registry (60.3 vs. 
39.7%) were similar (p = 0.50). The proportion of high-
grade superficial or invasive bladder tumors were lower 
in screened men (10%) than in unscreened men (60%; 
p = 0.002). At 14 years of follow-up, cancer-specific sur-
vival in screen-detected patients was 100%, whereas 
20.4% of unscreened men had died of bladder cancer 
(p = 0.02).

  Hedelin et al.  [132]  investigated 2,000 randomly se-
lected men, aged 60–70 years, invited to participate in a 
screening program based upon dipstick for hematuria 

and the UBC assay. Men with 5–10 red blood cells (RBC)/
μl and an International Prostate Symptom Score (IPSS) 
of >10 and all men with  ≥ 25 RBC/μl and/or elevated 
UBC levels underwent both white-light and fluorescence 
cystoscopy. In 14% of the responding 1,096 men, micro-
hematuria with 5–10 RBC/μl was observed. One tumor 
was detected in the 62 men with 5–10 RBC/μl and an 
IPSS of >10. Among the 112 men (10%) with  ≥ 25 RBC/
μl, four bladder tumors were detected. Another two tu-
mors were detected in men without hematuria but with 
a positive UBC test. The authors concluded that hema-
turia-based screening among older male smokers with 
 ≥ 25 RBC/μl on dipstick testing might be a scenario to be 
considered.

  A key problem of this concept is the high prevalence 
of hematuria in the general population, along with its low 
specificity, raising unnecessary anxiety in screened sub-
jects and requiring urologic work-up in a high number of 
individuals without bladder cancer. Hedelin et al.  [132]  
tried to correct for this parameter by increasing the cutoff 
level for hematuria, but the efficacy of this measure needs 
to be confirmed. On the other hand, detection of addi-
tional diseases requiring intervention is frequent in he-
maturia patients and also needs to be taken into account 
when considering this approach  [15, 133] .

  Smoking 
 Steiner et al.  [10]  invited 183 subjects identified as 

smoking 40+ pack-years to join a bladder cancer screen-
ing program including urinary dipstick test, urine cytol-
ogy, NMP22 BladderChek, and UroVysion. Seventy-five 
subjects with at least one positive test result were offered 
urologic work-up. Five urothelial cancers [three bladder 
tumors, one pTa LG, two carcinoma in situ, and two up-
per urinary tract tumors (pTaG1 and pTxN2G3)] were 
detected. While this study found a higher incidence of 
cancer, another study of 1,502 subjects with more than 10 
years of smoking screened for bladder cancer using Blad-
derChek found only two cancers and one patient with 
atypia  [11] .

(Footnote to table 8.)

Low-grade tumors according to the 2004 classification were included 
in the G1 category according to the 1973/1998 classification; high-grade 
tumors according to the 2004 classification and CIS were included in the 
G3 category. inf. = Informative; n.r. = not reported; UUT = upper urinary 
tract tumors; UC = urine cytology ; # = number of test (not of patients, thus 
not considered for specificity calculation). Cohort study: consecutive pa-
tients, no healthy controls included. LoE: case-control studies were con-

sidered LoE grade IV, studies including diagnostic and follow-up patients 
were considered LoE grade 3b, studies including clearly defined patient 
cohorts, consecutive cases were considered LoE grade 2b, results from
markerguided prospective trials were considered LoE grade 1b. 1 Marker 
status ac cording to IBCN classification 2008. 2 Number of requirements 
met according to STARD recommendations.
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 In a prospective study, Hemstreet et al.  [85]  assessed the 

risk for the development of bladder cancer in a group of 
1,788 Chinese workers who were exposed to benzidine us-
ing a biomarker profile over a period of 6 years. This bio-
marker profile included the analysis of DNA ploidy, G-
actin, and tumor-associated antigen P-300. Although the 
biomarker profile placed only 21% of the exposed workers 
in a high- or moderate-risk group, 87% of the 28 bladder 
cancer cases in the entire cohort were found in this group, 
and all of the tumors were clinically organ confined. In-
terestingly, a positive biomarker profile occurred 15–33 
months before the clinical detection of bladder cancer.

  Giberti et al.  [134]  investigated 171 workers at an Ital-
ian coke plant with long-term exposure to polycyclic aro-
matic hydrocarbons using dipstick testing for hematuria, 
cytology, and the uCyt+ assay. Although uCyt+ was pos-
itive in 12% of the screened subjects, subsequent urologi-
cal work-up yielded no urothelial cancers in this cohort. 
While the relatively young age of the screened subjects 
(mean: 53 years) may have affected disease prevalence, a 
low cutoff value for the uCyt+ assay could be responsible 
for the low specificity observed.

  Several other studies investigating professionally ex-
posed risk populations (e.g. fire fighters, chemical workers, 
and workers in alloy smelters)  [133, 135, 136]  using NMP22, 
uCyt+, or a mix of different molecular markers demonstrat-
ed good sensitivity and specificity for the markers. How-
ever, due to the low prevalence of disease ( ≤ 1%) in the co-
horts studied, the PPV of the assays remains unsatisfactory.

  Davies et al.  [70]  targeted another risk group, screen-
ing 457 patients with spinal cord injury for 5 years using 
urine cytology, BTA  stat , and the survivin assay. A total 
of 1,075 urine specimens from 457 patients were ana-
lyzed. Of the 1,073 BTA  stat  tests, 119 showed positive 
reactions (specificity 88.9%) and 954 were negative. In the 
survivin assays, 47 samples had a score of 1, 38 a score of 
2, and 9 a score of 3 (specificity 91.2%). No cytology spec-
imens were noted to have malignant cells (specificity 
100%). None of the three patients diagnosed with bladder 
cancer had a positive test result.

  In summary, despite a limited number of studies there 
is evidence that screening for bladder cancer in general is 
feasible and screened subjects may benefit from early can-
cer detection. However, cost calculations based upon the 
results from published trials suggest costs between USD 
25,000 and 50,000/cancer detected  [2] . This finding clear-
ly points at a careful selection of high-risk populations 
and demonstrates the necessity of an effective design of 
future protocols.

  Problems of Marker Comparison 

 There is a variety of reasons for why a comparison of 
markers, aiming at the identification of ‘the best’ mark-
er, is of limited value: (1) different performance pro-
files, (2) threshold definitions, (3) technical aspects, and 
(4) cost-benefit considerations. This assessment has dem-
onstrated that markers have different performance pro-
files. While some of these markers may have a similar 
sensitivity through all tumor grades, others may have a 
higher sensitivity in high-grade tumors. Similarly, speci-
ficity particularly in urine-based markers and, to a lesser 
extent, cell-based assays is highly dependent upon the 
composition of the tumor-negative cohort. While these 
markers in general may have good specificity in a healthy 
control population, they uniformly have a lower specific-
ity in cohorts comprising patients suffering from non-
cancer-related urological diseases (e.g. inflammatory 
conditions, stone disease, hematuria, and benign pros-
tatic enlargement). As a consequence, a different compo-
sition of a study population will directly affect the results 
of a given study.

  Several investigators have demonstrated a correlation 
between sensitivity and specificity for a variety of bio-
markers. As for PSA in prostate cancer for example, an 
increased cutoff level will both increase specificity and 
decrease sensitivity (and vice versa for a decreased cutoff). 
Since different threshold definitions are in use for several 
assays (e.g. UBC, NMP22, and UroVysion), the choice of 
a cutoff level will automatically have a significant impact 
on the performance of a given assay (see above).

  While investigator bias may not play a role in point-
of-care assays, this is of particular relevance for cell-based 
tests (e.g. UroVysion and uCyt+). The precision of these 
tests is clearly correlated with training status and experi-
ence of the laboratory staff  [81] . Since the experience of 
investigators is not reported in the literature despite spe-
cific recommendations to do so (STARD), it is impossible 
to estimate the impact of investigator bias in the com-
parison of different assays.

  Furthermore, it is the scientific norm to report innova-
tions, ‘promising’ results, and initially ‘positive’ observa-
tions, all of which contribute to an enthusiasm for an ear-
ly clinical application. However, such initial reports may 
be limited in their study design, length of follow-up, and 
numbers needed to provide statistical power in order to 
validate results. These together with misapplication of 
observations to different clinical scenarios may account 
for the commonly observed failure to validate initially 
promising albeit preliminary reports.
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above currently prevent a sufficient comparison between 
different markers and urine cytology, it is evident that 
there is an urgent need to identify the optimal diagnos-
tic armamentarium for the different clinical scenarios. 
Therefore, well-designed prospective studies are needed 
to confirm the significance of urine cytology and identify 
potential added value of the markers.

  Conclusions 

 There is no marker that meets all of the postulates of a 
so-called ‘ideal’ marker  [5] , but markers have been de-
scribed with a high overall sensitivity, a high sensitivity 
for low- or high-grade disease, high specificity, reason-
able expense, and point-of-care capabilities. However, it 
is obvious that urologists will have to select markers that 
meet specific clinical needs. In a screening scenario, the 
high specificity of a marker is mandatory since otherwise 
the number of patients undergoing a marker-initiated 
evaluation will be inappropriately high. This contrasts to 
the requirements in a follow-up setting, when sensitivity 
of an assay is of key importance in order not to miss blad-
der cancer persistence or recurrence. In addition, the di-
agnostic strategy might also affect the selection of a mark-
er: several investigators may favor markers with good 
performance in low-grade disease since approximately 
70% of all bladder tumors are low grade. Other urologists 
may prefer markers with a high sensitivity in high-grade 
disease, arguing that it may be appropriate to delay detec-
tion of a low-grade tumor that does not pose a life-threat-
ening risk, but that high-grade tumors should be reliably 
detected.

  In order to obtain a better idea of the performance of 
a given assay, marker assessment needs to follow a stan-
dardized and transparent evaluation process. It remains 
one of the great challenges in marker development to de-
fine a standard procedure and, finally, introduce this 
standard into the scientific community.

  Problems in the Assessment of Marker Trials 

 The question of marker performance has been ad-
dressed within a number of meta-analyses  [2, 23, 41, 137] . 
However, the problems of these analyses are significant 
for several reasons and as a result conclusions derived 
from these analyses are heavily biased. One of the key 
problems is the highly differing quality of the trials, which 

hardly permits common analysis. Furthermore, different 
study design, patient selection, tumor prevalence, distri-
bution of tumor grade and stage, study endpoints, and 
several other parameters will further confound the results 
of any combined analysis.

  In order to standardize the evaluation of molecular 
markers, several tools for assessment of diagnostic mark-
ers were used in this analysis. These tools included a ques-
tionnaire for the quality of reporting (STARD), the defi-
nition of the LoE according to the Oxford criteria, and the 
classification of the marker status  [8, 25–27] .

  Concerning the reporting quality, no single study in-
cluded all 25 STARD items  [26, 27] . Certain items, such 
as use of Mesh headings to identify sensitivity, specific-
ity, or diagnostic accuracy, or reporting of adverse events 
associated with testing were uniformly missing, although 
these items may have less importance to data quality 
than others. All authors provided information on test 
performance techniques, and most described collection 
and handling of specimens; however, information on the 
reproducibility of test results, the training and qualifica-
tions of those performing the assays, whether testers 
were blinded from other results, and handling of inde-
terminate, outlying, or missing results were often lack-
ing or ambiguous  [57] . Many studies stratified subjects 
according to grade (WHO 1998 and 2004) and stage of 
tumors (TNM 1997), and provided subset analyses of 
sensitivity and specificity of the tests for these subsets. 
Due to mostly low numbers of subjects in some groups, 
the validity of drawing conclusions from this data is un-
certain. Authors are generally to be commended for a 
reasonable description of statistical methods used, in-
cluding confidence intervals on reported data. Clearly, 
implementation of standardized reporting of studies 
that adhere to consistent guidelines such as STARD rec-
ommendations would improve our understanding of tu-
mor markers.

  It can be argued, that STARD guidelines are still im-
perfect. According to experiences made throughout this 
assessment, some items are interpreted differently by ob-
servers, and opinions on the necessity of including all 
items as well as the relative importance of certain items, 
was not universally agreed upon. Currently, however, 
STARD provides us with a starting point for collecting 
comparable data among studies.

  Recently, a new definition for diagnostic trials was de-
veloped for the Oxford Classification on the Levels of 
Evidence  [25] . This classification has been used in this 
assessment, but appears more difficult to apply if com-
pared to the recommendations for therapeutic trials. 
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studies, however, application of certain criteria was not 
possible. Nevertheless, the new Oxford classification on 
diagnostic trials is promising, but may need minor mod-
ification.

  For definition of the stage of implementing new mark-
ers into clinical decision-making, the IBCN classification 
has been developed and was used in this assessment  [8] . 
In using this classification, however, it became evident 
that more precise definitions on the requirements for al-
locating a given study to a certain stage are mandatory 
and that this classification requires revision.

  Key Questions 

 (How) Can Molecular Markers Support Screening 
of Patients at Risk of Having or Developing Bladder 
Cancer? 
 When considering bladder cancer screening, the key 

question to be answered is if early detection of bladder 
cancer may have any impact on cure rates and, subse-
quently, on patient survival. Over the last decades, a 
growing body of evidence has been accumulated suggest-
ing that early detection and treatment of bladder cancer 
may indeed reduce cancer-specific mortality  [112–114] , 
thus providing arguments for this procedure. However, 
due to the low prevalence of bladder cancer in the gen-
eral population (0.001%) and in people above the age of 
50 (0.67–1.13%), mass screening for bladder cancer, with 
the possibility of detecting a significant number of false 
positives requiring unnecessary work-up, would certain-
ly not be cost-effective  [2] . As a consequence of these con-
siderations, those few trials addressing screening for 
bladder cancer targeted high-risk populations.

  Data obtained in high-risk groups undergoing uri-
nary dipstick screening for bladder cancer suggest that 
the bladder tumors discovered when evaluating all pa-
tients with asymptomatic microscopic hematuria may be 
more amenable to curative treatment than those normal-
ly encountered, thereby reducing morbidity and mortal-
ity associated with bladder cancer in these patients  [16, 
17, 129–131] . Since improved survival of screened pa-
tients was not demonstrated in a randomized fashion, 
but only in comparison with a cancer register, this study 
presents interesting information; however, it cannot 
serve to provide a final decision on the benefit of hema-
turia screening.

  Meanwhile, further studies targeting at-risk popula-
tions such as smokers and professionally exposed indi-

viduals could demonstrate that screening for bladder can-
cer using molecular markers is feasible. However, despite 
selecting at-risk populations in most of these trials, tu-
mor prevalence was still too low to make bladder cancer 
screening a cost-effective procedure.

  Since identification of high-risk populations suited for 
a screening scenario remains the key problem for bladder 
cancer screening, the development and validation of re-
spective risk calculators (risk-adapted screening) might 
be an option for the future.

   Question:  (How) can molecular markers support screening of 
patients at risk of having or developing bladder cancer?
   Statement:  Feasibility of bladder cancer screening has been 
demonstrated in several prospective trials. The results from one 
study using dip-stick testing for hematuria suggests a survival 
benefit of individuals undergoing hematuria screening. Because 
of weak controls in this report, validation of the results and im-
proved definition of risk populations suited for screening is re-
quired.
   References:   [10, 17, 129, 130] .
   Recommendation:  Bladder cancer screening using urine for 
testing is promising but cannot be recommended at present.
  LoE: 1b; grade: B; agreement: 92%.

  (How) Can Molecular Markers Be Used in Reflex 
Testing for Bladder Cancer? 
 Reflex testing, such as in the follow-up of patients with 

bladder cancer with an atypical cytology finding, is a logi-
cal approach. However, experience with this procedure at 
present is very limited and does not permit a definite state-
ment. In consequence, this strategy should be exploited in 
more detail within prospective controlled studies.

   Question:  (How) can molecular markers be used in reflex test-
ing for bladder cancer?
   Statement:  At present experience with reflex testing is very lim-
ited (mostly restricted to the FISH technique) and therefore 
does not permit a definite statement. Reflex testing should be 
explored in more detail within prospective controlled studies.
   References:   [18, 118, 128, 138] .
   Recommendation:  Reflex testing is considered experimental at 
present and should not be used within a clinical setting.
  LoE: 2b; grade: B; agreement: 92%.

  (How) Can Molecular Markers Support Follow-Up of 
Patients with Superficial Low-Risk Bladder Cancer? 
 There is clear evidence that modern molecular mark-

ers outperform urine cytology concerning sensitivity in 
the diagnosis of patients with noninvasive low-grade tu-
mors. In addition, due to the low risk of tumor progres-
sion, marker-guided surveillance could significantly re-
duce the number of control cystoscopies without placing 
patients at significant risk. However, to date only one 
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tocol has been performed  [116] . Information from this 
study, however, is still preliminary and does not yet per-
mit recommendation of this procedure for clinical rou-
tine use.

   Question:  (How) can molecular markers support follow-up of 
patients with superficial low-risk bladder cancer?
   Statement:  Marker-guided follow-up of patients with non-mus-
cle-invasive low-risk tumors appears feasible. However, studies 
proving the efficacy of this concept and demonstrating an add-
ed value for patients or the health system are lacking.
   Recommendation:  Marker-guided follow-up of patients with 
superficial low-grade bladder cancer appears attractive; how-
ever, based upon current levels of evidence this procedure can-
not be recommended at present.
  LoE: 1b; grade: B; agreement: 92%.

  (How) Can Molecular Markers Support Follow-Up of 
Patients with Superficial High-Risk Bladder Cancer? 
 The assessment of marker performance suggests that 

several molecular markers may outperform urine cytol-
ogy with regard to test sensitivity even in high-grade blad-
der cancer. It remains unclear if these results are based 
upon a systematic deficiency of urine cytology or if per-
formance quality has decreased in the last decades due to 
changes in the training of pathologists.

  The lower specificity of molecular markers as com-
pared to urine cytology does not appear worrisome in this 
population since sensitivity appears to be of the utmost 
importance in the surveillance of patients with high-
grade tumors. In addition, it may be questioned if at least 
a part of false-positive results may be explained as an an-
ticipatory positive finding, predicting tumor recurrence 
 [18, 118] .

  However, prospective studies demonstrating an added 
value of molecular markers in the follow-up of patients 
with high-grade bladder cancer are missing, and thus do 
not support their use in clinical practice.

   Question:  (How) can molecular markers support follow-up of 
patients with superficial high-risk bladder cancer?
   Statement:  Molecular markers detect high-grade bladder cancer 
with high sensitivity. At this stage it remains unclear how mo-
lecular markers can support surveillance of patients with high-
grade bladder cancer.
   Recommendation:  A use of molecular markers in surveillance 
of patients with high-grade bladder cancer cannot be recom-
mended.
  LoE: 2b; grade: B; agreement: 92%.

  Outlook 

 Although molecular bladder cancer assays have been 
shown to have superior sensitivity as compared to urine 
cytology, none of them has been included in clinical 
guidelines. The key reason for this situation is that none 
of the assays has been incorporated into clinical decision-
making so far. As a consequence, an added value of mo-
lecular markers for the diagnosis of urothelial tumors has 
not yet been identified.

  However, the current data suggest that some of these 
markers do have the potential to play a role in screening 
and surveillance of bladder cancer in the future. Current 
screening protocols, however, are hampered by a low dis-
ease prevalence, thus inhibiting an acceptable cost/bene-
fit ratio. The introduction of risk calculators into screen-
ing protocols could make up for the deficits of a mass 
screening approach. Furthermore, the introduction of 
molecular markers in the follow-up of patients with low-
risk bladder cancer might also represent a scenario that 
should be further investigated. Preliminary reports sug-
gest that this procedure is feasible. However, detailed in-
formation for a definite judgment is lacking.

  The scientific community is urged to develop proto-
cols and conduct prospective trials to provide the basis for 
an integration of molecular markers into clinical deci-
sion-making in the future.
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