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Methods & results

A thin layer slide was prepared of the residual urine sample of 82 patients with equivocal urinary cytology, pre-stained and pre-screened to confirm the presence of atypical urothelial cells. The same slide was used for the UroVysion test and scored according to different evaluation criteria. Results were compared with the outcome of cystoscopic and histologic findings.

UroVysion detected 68% of the UCs when the manufacturer's evaluation criteria were applied. In case of altered evaluation criteria, the sensitivity increased to 81% when at least one copy number change of a probe target was considered as a positive test. The specificity only decreased from 84% to 82%.

Conclusions

Our data suggest that the sensitivity of the UroVysion test can be increased with the addition of a cytological pre-screening technique prior to the UroVysion test and a modification of the UroVysion evaluation criteria.

INTRODUCTION

Bladder cancer is the seventh most common cancer worldwide. It accounts for about 3.2% of all cancers, mostly urothelial carcinomas (UC). The highest prevalence of bladder cancer is observed in countries of the European Union and North America [START_REF] Eble | WHO Classification of Tumors. Pathology and genetics of tumors of the urinary system and male genital organs[END_REF].

Bladder cancer is mostly detected by cystoscopy combined with urinary cytology. Cystoscopy is very successful in detecting low-grade and high-grade papillary tumours but may fail to identify carcinoma in situ (CIS) [START_REF] Schmidbauer | Improved detection of urothelial carcinoma in situ with hexaminolevulinate fluorescence cystoscopy[END_REF]. Cytology is a sensitive and specific examination for both high-grade papillary and flat lesions, but is less sensitive for detecting low-grade papillary lesions. Both techniques are thus complementary. Because cystoscopy is an invasive procedure and urinary cytology has a low sensitivity for low-grade tumours, additional tests emerged for the diagnosis of urothelial carcinoma (UC) on urine samples [START_REF] Têtu | Diagnosis of urothelial carcinoma from urine[END_REF]. UroVysion ® (UV (Abbott Molecular, Des Plaines, IL, USA)) is one of the most common used commercial UC markers [START_REF] Têtu | Diagnosis of urothelial carcinoma from urine[END_REF]. It is a multi-target, multi-colour fluorescence in situ hybridisation (FISH) assay that detects aneusomy of chromosomes 3, 7 and 17, and loss of 9p21. UV has an overall sensitivity of 72% and specificity of 83% [START_REF] Hajdinjak | Urovysion FISH test for detecting urothelial cancers: meta-analysis of diagnostic accuracy and comparison with urinary cytology testing[END_REF], moreover, it remains sensitive in the follow-up of patients under Bacillus Calmette-Guérin (BCG) treatment [START_REF] Têtu | Diagnosis of urothelial carcinoma from urine[END_REF][START_REF] Kipp | Monitoring intravesical therapy for superficial bladder cancer using fluorescence in situ hybridization[END_REF][START_REF] Mian | The value of the ImmunoCyt/uCyt+ test in the detection and follow-up of carcinoma in situ of the urinary bladder[END_REF][START_REF] Savic | The prognostic value of cytology and fluorescence in situ hybridization in the follow-up of nonmuscle -invasive bladder cancer after intravesical Bacillus Calmette-Guérin therapy[END_REF]. Recent studies suggested the use of more flexible evaluation criteria for the UV test leading to an increase of the sensitivity of the UV test. [START_REF] Bubendorf | Multiprobe FISH for enhanced detection of bladder cancer in voided urine specimens and bladder washings[END_REF][START_REF] Ferra | Reflex UroVysion testing in suspicious urine cytology cases[END_REF].

When the UV test was introduced at our department, we added a pre-screening technique to the test. A FISH test is normally performed on another slide than the original slide used for cytological screening. This second slide may not always contain the atypical cells present in the previous cytological slide. In order to prevent false negative results and to confirm the presence of atypical cells also in the second slide, the UV test was preceded by a pre-staining and cytological screening of this slide (figure 1). In the current study we retrospectively investigated the sensitivity of the UV test in combination with the pre-screening method for the detection of UCs in patients with equivocal urinary cytology. Additionally, the impact of different evaluation criteria [START_REF] Bubendorf | Multiprobe FISH for enhanced detection of bladder cancer in voided urine specimens and bladder washings[END_REF][START_REF] Ferra | Reflex UroVysion testing in suspicious urine cytology cases[END_REF] on the sensitivity of the UV test was examined.

MATERIAL AND METHODS

Patient population

In this study we retrospectively included patients with equivocal urinary cytology for which UV tests and follow up examinations were performed. Data were collected from December 2005 till May 2009 (Table 1). Equivocal cytology was defined as cytology with a diagnosis that was neither clearly negative nor clearly positive for malignancy. The study group contained patients in the follow-up for UC, who all received intravesical chemotherapy or BCG, as well as patients without a history of UC. Cystoscopy and histology were used as 'gold standards' to evaluate the presence of UC. The histology was evaluated and graded in accordance with the 1999 World Health Organization classification. The tumour stage was assigned according to the TNM classification, 6 th edition. Cystoscopy was regarded as positive in case of an unequivocal tumour mass. In this study patients without information about a consecutive cystoscopy or biopsy, as well as patients with FISH specimens lacking the atypical cells were not included.

Urinary cytology

The urine samples were fresh voided (n=63), obtained through bladder washings (n=8), bladder (n=7) or ureter (n=4) catheterizations and collected in 50% ethanol. They were poured in a 50 ml conical centrifuge tube and centrifuged at 1000 rpm during 10 min. The cell pellet was added to 5 ml Cytorich ® Blue (BD Diagnostics TriPath, Burlington, NC, USA). Slides for 

UroVysion FISH

Pre-screening technique

A second thin layer preparation was stained with haematoxylin for cytological pre-screening. Atypical cells were scored using a Leica DM5000B microscope in bright field mode and their location annotated by coordinates. Cases with slides that contained no or a too low number of atypical cells to successfully score the UV evaluation criteria (see further) were not included in the study. The pre-screening technique was tested prior to the study and resulted in good quality of hybridization on the pre-stained specimens.

FISH

After cytological pre-screening, the slides were heated at 65ºC for 30 min and immersed in a pepsin solution (500 mg/l, 10mM HCl), for 7 min. After washing in phosphate-buffered saline (PBS) cells were postfixed in 1% formaldehyde with 20mM MgCl2 in PBS for 5 min, dehydrated in 70%, 96% and 2 X 100% ethanol and air dried. Six µl UroVysion probe mixture, containing probes for the chromosome 3, 7 and 17 centromeric regions and the 9p21 locus labelled with SpectrumRed, SpectrumGreen, SpectrumAqua and SpectrumGold respectively, was administered under a coverslip of 18 x 18 mm. Cellular and probe DNA were denatured at 73ºC for 2 min in a ThermoBrite® system (Abbott Molecular, Des Plaines, IL, USA). Posthybridisation washings were made in 0.4x SSC/0. 

Statistics

The chi-square test was used to evaluate the relation between the test results (UV and cystoscopy) and the presence of UC. All tests were 2-tailed with p<0.05 considered statistically significant. Statistical analysis was performed with SPSS ® for Windows, version 15.0.

RESULTS

Table 1 shows the patient characteristics including the number of the cystoscopic examinations, performed simultaneously with or within three months after the urine collection, and histologic evaluations, executed within an average of four months. Thirty-one out of the 82 patients revealed a UC on histology and / or cystoscopy. In seven out of 31 patients with UC no biopsy was taken because of clearly presence of tumour on cystoscopy.

In six of these patients, there was already a prior history of UC.

The application of the UV1 criteria resulted in an overall sensitivity of 68% . Using the UV2 criteria the sensitivity increased to 81%, while the specificity only decreased from 84% to 82%. Very high sensitivity scores were realised when combining UV and cystoscopy (Table Sensitivity and specificity of the UV test in follow-up patients, who all received intravesical chemotherapy or BCG, were 75% and 84%, respectively, using the UV1 criteria, in contrast with 88% and 81%, applying the UV2 criteria. For patients without a history of UC, UV1 criteria resulted in a sensitivity and specificity of 60% and 84%, respectively, compared to 73% and 84% in case of applying UV2 criteria.

Cystoscopic evaluation alone had a sensitivity of 65%: 11 out of 62 patients with negative cystoscopies revealed a UC on biopsy. In 7/11 cases the UC was located in the upper urinary tract (UUT). The other four cases were three CIS lesions and one grade 3 UC of the bladder.

Out of 20 UCs detected on cystoscopy, the UV test was negative in six or seven cases, depending on using the UV2 or UV1 criteria.

When applying the UV1 criteria, UV detected 0/3 grade 1 UCs and only 1/5 grade 2 UCs, while cystoscopy was positive in 3/3 grade 1 UCs and 3/5 grade 2 UCs (Table 3). For grade 3 lesions and carcinoma in situ (CIS) UV was positive in respectively 10/12 and 4/4 lesions, while cystoscopy detected six grade 3 lesions and only one CIS. It is important to mention that of the cystoscopically missed malignancies, all two grade 2 lesions and 5/6 grade 3 lesions were located in the UUT. Regarding the relationship between tumour stage, UV and cystoscopy, there are no significant differences between the detection rates of UV and cystoscopy (Table 3). Exceptions are T3 tumours where none of the lesions were detected by cystoscopy, however these tumours were UUT tumours.

Of the 31 patients with a proven UC, chromosomal alterations were found in 25 cases. Gain of chromosome 3 (18/31), 7 (19/31) and/or 17 (15/31) was noted more frequently than heterozygous (4/31) or homozygous (9/31) deletions of locus 9p21. Interestingly, all CIS lesions had a gain of chromosome 3, 7 and 17. Five patients had chromosomal alterations that did not fit the UV1 criteria: one patient with an isolated gain of chromosome 7, three patients with an isolated heterozygous deletion of 9p21 and one patient with an isolated heterozygous deletion of 9p21 combined with a solitary gain of chromosome 3.

In the patients with UUT tumours, the UV test was positive in 5/7 cases with the UV1 criteria and in 7/7 cases with the UV2 criteria. Chromosomal alterations in the UUT tumours were not significantly different from the bladder UCs.

DISCUSSION

Currently, cystoscopy and urinary cytology are routinely used for the detection of tumours in the urinary tract. However, on cytology, it is sometimes difficult to discriminate between reactive and malignant atypical urothelial cells. Urothelial cells can show reactive atypia due to instrumentation, inflammation, infection, calculi, radiotherapy and intravesical BCG or chemotherapy [START_REF] Desphande | Analysis of atypical urine cytology in a tertiary care center[END_REF][START_REF] Garbar | Is urinary tract cytology still useful for diagnosis of bladder carcinomas? A large series of 592 bladder washings using a 5-category classification of different cytological diagnoses[END_REF][START_REF] Highman | Urine cytology in patients with calculi[END_REF][START_REF] Kannan | Calculus artifact. A challenge in urinary cytology[END_REF][START_REF] Mcvey | How long is urinary cytology abnormal after flexible cystoscopy[END_REF]. Atypical findings are problematic because they raise concerns with the patient and physician about the possible presence or recurrence of cancer [START_REF] Nabi | How important is urinary cytology in the diagnosis of urological malignancies?[END_REF]. The UV test, however, can be a helpful additional tool in those cases [START_REF] Kipp | Assessing the value of reflex fluorescence in situ hybridization testing in the diagnosis of bladder cancer when routine cytological examination is equivocal[END_REF][START_REF] Lotan | Prospective evaluation of the clinical usefulness of reflex fluorescence in situ hybridization assay in patients with atypical cytology for the detection of urothelial carcinoma of the bladder[END_REF].

The present study evaluates the combination of the UV test with a cytological pre-screening on the same slide. This method allows us to link cytological observed cellular atypia with chromosomal alterations. It can be difficult to select the atypical cells in a FISH specimen in the case of equivocal urine cytology. The pre-screening technique however can facilitate this.

When gain of at least one chromosome (3, 7 or 17) and/or heterozygous or homozygous deletion of 9p21 (UV2 criteria) were interpreted as a positive UV test, 81% of the malignancies were detected compared to 68% when applying the manufacturer's criteria (UV1 criteria) with only a slight decrease in specificity (2%). Our data indicate that in case of equivocal urinary cytology the use of more flexible criteria for UV positivity substantially increases the number of detected UCs. This suggests that the current scoring criteria may be too restrictive since some urothelial carcinomas have chromosomal abnormalities (gains of Until now, no study has compared the current manufacturer's UV criteria with more flexible criteria in urine specimens of patients with equivocal cytology by using a cytological prescreening technique in combination with the UV test. Ferra et al [START_REF] Ferra | Reflex UroVysion testing in suspicious urine cytology cases[END_REF] also compared more flexible evaluation criteria, i.e. any cytogenetic abnormality regardless of the number of cells is a positive result, with the manufacturer's criteria in equivocal urinary cytology cases. With a sensitivity of 68% and 83% by using respectively the manufacturer's criteria and the flexible criteria, their results are almost identical to ours. Nevertheless, their specificity dropped from 40% to 22%, while we maintained a specificity of more than 80%. This difference might be explained by the pre-screening technique we used, as it allows us to better allocate the exact location of the atypical cells before application of the UV test, thereby excluding that tetrasomic cells, such as umbrella cells or dividing cells, are scored positive [START_REF] Bubendorf | Multiprobe FISH for enhanced detection of bladder cancer in voided urine specimens and bladder washings[END_REF][START_REF] Halling | Bladder cancer detection using FISH (UroVysion assay)[END_REF]. Also the number of the present atypical cells and cells with cytogenetic abnormalities needs to be high enough to maintain a high specificity.

Furthermore, in a recently published analysis of 14 studies involving 2477 UV tests (using UV1 criteria) the pooled sensitivity and specificity was 72% and 83% [START_REF] Hajdinjak | Urovysion FISH test for detecting urothelial cancers: meta-analysis of diagnostic accuracy and comparison with urinary cytology testing[END_REF]. The overall prevalence of UCs in the examined patient groups was 35%, almost identical to the 36% in our study. In these studies the UV test was not only performed on equivocal urine specimens, but also on cytologic clear negative or positive cases. The fact that the sensitivity and specificity scores of these studies are comparable with our UV1 data, indicates that the prescreening technique we use to trace atypical cells, leads to a more effective application of the UV test.

The UV test in our series detected 7 UUT tumours, most of them in spontaneously voided urine specimens. This finding suggests that the UV test can be helpful in cases of equivocal Furthermore, our results show that the UV test and cystoscopy are complementary techniques, achieving extremely high sensitivity rates when both are executed (Table 2).

In accordance with other reports [START_REF] Têtu | Diagnosis of urothelial carcinoma from urine[END_REF][START_REF] Kipp | Monitoring intravesical therapy for superficial bladder cancer using fluorescence in situ hybridization[END_REF][START_REF] Mian | The value of the ImmunoCyt/uCyt+ test in the detection and follow-up of carcinoma in situ of the urinary bladder[END_REF][START_REF] Savic | The prognostic value of cytology and fluorescence in situ hybridization in the follow-up of nonmuscle -invasive bladder cancer after intravesical Bacillus Calmette-Guérin therapy[END_REF] this study also confirms that the UV test can be performed on urine specimens of follow-up patients, who received intravesical therapy.

Sensitivity scores in our study are even higher in this population than in those without a tumour history.

There are some hypotheses for the false negative UV cases we encountered. Firstly, UCs in these cases may have other chromosomal alterations than those detectable by UV. Secondly, it is also known that low grade UCs are mostly diploid tumours [START_REF] Kipp | Quantitative fluorescence in situ hybridization and its ability to predict bladder cancer recurrence and progression to muscle-invasive bladder cancer[END_REF][START_REF] Richter | Marked genetic differences between stage pTa and stage pT1 papillary bladder cancer detected by comparative genomic hybridization[END_REF] and this may explain the false negative results, since most of our false negative UV cases were low grade tumours.

What to do with a positive UV test without detectable UC? In this regard, a positive UV test has been shown to be predictive of a future recurrence [START_REF] Bubendorf | Multiprobe FISH for enhanced detection of bladder cancer in voided urine specimens and bladder washings[END_REF][START_REF] Skacel | Multitarget fluorescence in situ hybridization assay detects transitional cell carcinoma in the majority of patients with bladder cancer and atypical or negative urine cytology[END_REF][START_REF] Yoder | Reflex UroVysion testing of bladder cancer surveillance patients with equivocal or negative urine cytology: a prospective study with focus on the natural history of anticipatory positive findings[END_REF] as it may be an indicator of unstable urothelium capable of or primed for malignant transformation, thus detecting patients at significant risk [START_REF] Veeramachaneni | negative predictive value UV1: UV test positive according to the strict manufacturer's criteria UV2: UV test positive when polysomy in at least one chromosome (3, 7 or 17) and/or heterozygous or homozygous deletion of 9p21 UV1/cysto+: UV test positive according to the strict manufacturer's criteria and/or cystoscopy positive UV2/cysto+: UV test positive when polysomy in at least one chromosome (3, 7 or 17) and/or heterozygous or homozygous deletion of 9p21 and/or cystoscopy positive NA: not applicable, since cystoscopy was used as gold standard in case of no histology control[END_REF]. However, tetrasomic cells, mostly umbrella cells or dividing cells, can be present in urine samples and should not be interpreted as FISH-positive, malignant cells [START_REF] Bubendorf | Multiprobe FISH for enhanced detection of bladder cancer in voided urine specimens and bladder washings[END_REF][START_REF] Halling | Bladder cancer detection using FISH (UroVysion assay)[END_REF]. In summary, our results suggest that a modification of the standard UV evaluation criteria on pre-screened preparations can result in a higher detection rate of UCs in patients with equivocal urinary cytology. Future prospective, blinded studies may help to validate our results in a higher number of patients and on a diversity of specimens (voided urine specimens, bladder washings, bladder and ureter catheterizations). 

  a four-target fluorescence in situ hybridisation (FISH) technique to detect urothelial carcinoma (UC) in urinary cytology. The aim of this retrospective study is to investigate the UC detection rate of a modified UroVysion test in patients with equivocal urinary cytology. The modification comprised the addition of a cytological pre-screening technique and different evaluation criteria.

  made using the thin layer technique (BD Diagnostics Prepstain ® slide processor, Burlington, NC, USA) and stained with the Papanicolaou stain.

  3% 4nonylphenolpolyethyleneglycol (NP-40, Abbott Molecular, Des Plaines, IL, USA) for 2 min at 73°C. The slides were rinsed in 2x SSC/0.1% NP-40 at room temperature for 2 min, air dried , and counterstained with 4,6-diamidine,2-phenylindole dihydrocholoride (DAPI) solution. Next, the slides were examined using the Leica DM5000B microscope with sets and evaluation included the atypical cells at the annotated coordinates. The UV test was considered positive if 1) four or more cells out of a minimum of 25 morphologically abnormal cells demonstrated polysomy in two or more chromosomes (3, 7 and 17) in the same cell and/or if at least 12 morphologically abnormal cells demonstrated homozygous loss of 9p21 ( = UV1 criteria, according to Abbott Molecular); or 2) at least one chromosomal gain (3, 7 or 17) was detected in four or more cells out of a minimum of 25 morphologically abnormal cells and/or if at least 12 morphologically abnormal cells demonstrated heterozygous or homozygous loss of 9p21 ( = UV2 criteria).

  heterozygous 9p21 deletions) that are undetected by the manufacturer's criteria.

  findings on cystoscopy, which is in agreement with other studies[19- 21].

Figure 1 .

 1 Figure 1. The coordinates of the atypical urothelial cell (A, under) on a haematoxylin pre-
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Table 2 :

 2 Cystoscopy and UV test performance characteristics for UC detection in patients with equivocal cytology specimens (n = 82 patients)

	Examination	Sens	Spec	PPV	NPV	p
	Cystoscopy	65% (20/31)	NA	NA	82% (51/62) p<0.0001
	UV1	68% (21/31)	84% (43/51)	72% (21/29) 81% (43/53) p<0.0001
	UV2	81% (25/31)	82% (42/51)	74% (25/34) 88% (42/48) p<0.0001
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