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Fluorescence in situ hybridization assay detects upper urinary tract 
transitional cell carcinoma in patients with asymptomatic hematuria  
and negative urine cytology
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We evaluated the performance of a multiprobe FISH (fluorescence in situ hybridization) assay for noninvasive detection
of upper urinary tract transitional cell carcinoma (UUT-TCC) in patients with asymptomatic hematuria and negative urine 
cytology. Voided urine samples from 285 patients with asymptomatic hematuria and negative urine cytology were prospectively 
analyzed by FISH technique. FISH assays were performed to detect chromosomal changes frequently associated with TCC, 
including aneuploidy of chromosomes 3, 7 and 17, and loss of the 9p21 locus. Eleven (3.9%) had a positive FISH result. Of the 
11 patients, nine (81.8%) were found to have a TCC of the upper urinary tract, while no patients with negative FISH findings
were found to have UUT-TCC. In this selected cohort, the sensitivity and specificity of FISH for the detection of UUT-TCC was
100% and 99.3%, respectively. Our preliminary data suggest that the clinical utility of FISH assay of chromosomes 3, 7, 9, and 
17 as a noninvasive ancillary test for the diagnosis of UUT-TCC in a selected patient population with asymptomatic hematuria 
and negative urine cytology and by significant high sensitivity and specificity may be a reliable diagnostic approach for early
detection of UUT-TCC patients. Further larger prospective and multicenter trials are needed to confirm our results.
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Upper urinary tract transitional cell carcinoma (UUT-
TCC) is an infrequent tumor, with the incidence of 0.7-1.1 per 
100 000 people per year, and has increased slightly over the past 
30 years. It represents 5-8% of all patients with transitional cell 
cancers. Of UUT-TCC, 80% are detected after a diagnosis of
bladder cancer; two thirds of these patients will develop other 
transitional cell tumors in the future [1]. 

The most common presenting sign of UUT-TCC is gross
or microscopic hematuria. Currently, the evaluation of sus-
pected UUT-TCC included radiographic imaging, cystoscopy 
combined with urine cytology and ureteroscopy. In addition to 
risk of concurrent morbidity, radiographic imaging often fails
to detect microscopic lesions which may have clinical signifi-
cance [2]. A voided urine specimen for cytology is the most 
convenient, least invasive means for establishing the diagnosis 
of UUT-TCC but with a low sensitivity even under ideal circum-
stances. The diagnostic rate can be increased with the additional
use of ureteroscopy; however, it is an invasive procedure which 
can be associated with severe complications [3, 4].

Early studies demonstrated that multitarget fluorescence in
situ hybridization (FISH) analysis for aneuploidy of chromo-
somes 3, 7 and 17, and loss of the 9p21 locus provided high 
sensitivity and specificity in the detection of bladder TCC in
patients with negative urine cytology and gross or microscopic 
hematuria [5, 6]. It has been reported that abnormal karyo-
types in UUT-TCC are similar to those found in bladder TCC 
[7]. However, to our knowledge no study has evaluated the role 
for multitarget FISH in the detection of UUT-TCC in patients 
with hematuria and negative urine cytology. The aim of our
present study is to assess the utility of FISH as a non-invasive 
method to detect UUT-TCC in a selected patient population 
with asymptomatic hematuria and negative urine cytology.

Patients and methods

Patients. From January 2008 to August 2010, voided urine 
samples from 285 patients with asymptomatic hematuria and 
negative urine cytology (148 males and 137 females; mean age 
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42.4 years, range 25-83) were prospectively analyzed during 
evaluation of the upper urinary tract. Of the 285 patients, 
261 presented with microscopic hematuria and 24 with gross 
hematuria. One patient presented with a history of bladder 
cancer and one with a history of prostate cancer. In addition, 
20 voided urines from healthy volunteers with no evidence of 
urinary tract disorders (11 males and 9 females; mean age 35 
years, range 23-57) were analyzed as controls. The study was
approved by the hospital’s ethical committee and informed 
consent was obtained from each patient and control.

All 285 patients underwent investigation with cystoscopy 
and urinary tract imaging, including renal ultrasonography, 
intravenous pyelography and computed tomography. Five 
patients underwent also magnetic resonance imaging. Cy-
tologic examination and FISH analysis of the voided urine 
specimens were performed for all patients. Urine cytology 
was performed according to Papanicolaus’ staining method 
[8]. None had a positive cystoscopy and urine cytology evalu-
ation. Retrograde pyelography and ureteroscopy were also 
performed in four patients with suspicion of UUT-TCC. If 
indicated, surgery (nephroureterectomy with excision of the 
bladder cuff) was performed.

FISH analysis. Urine samples (at least 200 ml) were col-
lected the day before starting any treatment for both cytological 
and FISH analysis. For FISH analysis, samples were placed in 
centrifuge tubes without preservative or fixative, and were
processed within 24 h after they were shipped. (Fixation of
urinary cells was avoided, because the cells must be exposed 
to hypotonicity for optimal FISH results.) Urine samples were 
shipped as soon as possible after collection and kept refriger-
ated until the processing.

Cells from voided urine were centrifuged at 600 × g for 10 
minutes and the cell pellets were harvested with prewarmed 
potassium chloride hypotonic solution (37°C) for 20 minutes. 
This was followed by fixation in Carnoy solution (3:1 [v/v]
methanol:glacial acetic acid) for 10 minutes (× 3). Subse-
quently, 20 μl of the final cell pellet suspension was dropped
onto a glass slide. Slides were pretreated with a FISH pretreat-
ment kit (GP Medical Technologies, Ltd, Beijing, China) 
according to the manufacturer’s instructions. Then, they were
hybridized with the multitarget, dual-color FISH probes. In 
brief, the final probe mixture consisted of 70% hybridization
buffer solution, 10% deionized water, 20% probe DNA. The
probes were specific for centromeres of chromosomes 3, 7, 17
and for the p16 (9p21) locus. Two DNA probes were mixed 
together as a set double-target FISH and paired as follows: 
chromosome 3 (fluorescein isothiocyanate) and chromosome
7 (rhodamine), chromosome 17 (fluorescein isothiocyanate)
and p16 (rhodamine) (GP Medical Technologies, Ltd, Beijing, 
China).

The slides were cover-slipped, sealed with rubber ce-
ment and denatured at 73°C for 5 minutes, then hybridized 
overnight (16-22 h) at 42°C in a humidified chamber. Post
hybridization washings were made in 50% formamide/2× 
SSC (standard saline citrate, pH 7.0), at 42°C for 8 min-

utes (× 3), in 2× SSC, for 10 minutes and NP-40 buffer (2×
SSC/0.1%NP-40) for 10 minutes, then dehydrated by gradient 
alcohol, and counterstained with with 10μl of DAPI solution 
(4,6-diamidino-2-phenylindole ). 

Samples were evaluated by two independent observers 
blinded to clinical findings. A minimum of 100 cells from each
slide were evaluated. Abnormal signals of nuclei were defined
as follows: the counted nuclei present three or more signals for 
the chromosomes 3, 7, 17 and p16 gene; or the counted nuclei 
present with a loss of one or two p16 signals. Based on the 
FISH results of 20 healthy controls, a sample was considered 
FISH-positive if at least two of the following criteria was met: 
(1) more than 6.5% of the counted nuclei present abnormal 
signals for the chromosome 3; (2) more than 3.9% of the 
counted nuclei present abnormal signals for the chromosome 
7; (3) more than 4.6% of the counted nuclei present abnormal 
signals for the chromosome 17; (4) more than 3.3% of the 
counted nuclei present three or more than three signals for 
the p16 gene; or (5) more than 12% of the counted nuclei with 
a loss of one or two p16 signals. The criteria for FISH positivity
were in accordance with those suggested by Halling et al. [9] 
for the detection of transitional cell carcinomas.

Statistical analysis. The sensitivity, specificity, positive
predictive value and negative predictive value of FISH assay 
as a diagnostic test for UUT-TCC in patients with asympto-
matic hematuria and negative urine cytology were calculated 
respectively.

Results 

Of the 285 patients, 11 (3.9%) had a positive FISH result. 
The mean age for these 11 patients was 59.8 years (range
39-78). Of the 11 patients, nine (81.8%) were found to have 
a TCC of the upper urinary tract (Table 1; Figure 1). Of the 
274 patients with negative FISH results, routine investigations 
included history, physical examination, blood and urine analy-
sis, renal ultrasonography, intravenous pyelography, computed 
tomography and cystoscopy, which showed no evidence of 
malignant conditions. None was diagnosed with UUT-TCC 
after a median followup of 19.8 months (range 2-33) in these
274 patients.

Altogether, of 285 patients with asymptomatic hematuria 
and negative urine cytology enrolled in this study, 9 were di-
agnosed to have UUT-TCC. FISH analysis of the voided urine 
was positive in all these 9 patients. Two cases with positive 
FISH showed no evidence of UUT-TCC. Of the remaining 
274 patients with negative FISH results, none was diagnosed 
to have UUT-TCC. Thus, the sensitivity of FISH analysis in
the detection of UUT-TCC was 100% (9/9) and specificity
99.3% (274/276) in this cohort. The positive predictive value
and negative predictive value were 81.8% (9/11) and 100% 
(274/274), respectively. 

Of the nine patients who underwent open surgery (neph-
roureterectomy with excision of the bladder cuff) because of
suspected UUT-TCC, all had histologically proven UUT-TCC 
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Figure 1. Representative examples of FISH signal patterns from patients with upper urinary tract transitional cell carcinoma (Panels a-f: Pt.1-6 in Table 1) 
and normal urothelium (Panel g). Postoperative pathological examination demonstrates transitional cell carcinoma (G1-G3, T1-T3) in renal pelvis or ureter 
(Panels: a1,b1,c1,d1,e1,f1). Original magnification of H&E images, ×20 objective. GLP p16/GLP 17 probe set: p16 (red) and chromosome 17 (green) (Panels:
a2,b2,c2,d2,e2,f2,g2); CSP7/CSP3 probe set: chromosome 7 (red) and chromosome 3 (green) (Panels: a3,b3,c3,d3,e3,f3,g3). Abnormal nuclei exhibit three 
or more signals for the chromosomes 3, 7, 17 and p16 gene or a loss of one or two p16 signals. Panel g2 and g3 are FISH-negative control. Scale bar, 5 μm.
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(Table 1). In seven patients, the reason for surgery was that 
ureteroscopic biopsies revealed TCC in upper urinary tract. 
In the other two cases, nephroureterectomy was performed 
because of highly suspicious findings on upper urinary tract
imaging (computed tomography and magnetic resonance im-
aging). FISH analysis of the voided urine was true positive in 
all nine patients. None of the patients with proven UUT-TCC 
in our cohort had false-negative FISH results. 

FISH was positive in one patient with a history of transure-
thral resection treated bladder cancer (Pt. 4 in Table 1) and one 
patient with a history of radical prostatectomy for localized 
pT2a prostate adenocarcinoma (Pt. 3 in Table 1). In these two 
patients, cytology findings were negative, and ureteroscopic
biopsies revealed suspicious lesions in the distal location of 
right ureter and in the distal location of left ureter, respec-
tively. After nephroureterectomy, pathological findings of the
specimens (pT1G3 TCC and pT2G3 TCC, respectively) were 
in accordance with those ureteroscopic biopsies.

We found no evidence of malignancy in two patients with 
positive FISH results. The diagnostic workup for these two
patients included renal ultrasonography, intravenous pyelog-
raphy, computed tomography, magnetic resonance imaging, 
cystoscopy, and ureteroscopy, which presented with negative 
results and did not yield an indication for surgery. During 
a close followup of 10 and 32 months respectively, we still 
found no detectable malignancy in these two patients.

Discussion 

The early diagnosis of UUT-TCC is difficult and the limited
number of patients with UUT-TCC makes the organization of 
randomized, perspective diagnostic trials less likely. Because 
of low sensitivity, voided urine cytology has been shown 
to be of little value in the detection of UUT-TCC. Another 
shortcoming of urine cytology is the great interobserver and 
intraobserver variation in sensitivity [10]. Ureteroscopy 

provides a higher sensitivity but this is an invasive technique 
which can cause severe complications. Besides, it has poor 
sensitivity in the detection of carcinoma in situ [2]. 

While various symptoms and signs may be associated with 
UUT-TCC, hematuria is most typical. Delayed diagnosis of 
UUT-TCC is common in patients with hematuria and it has 
been shown to adversely affect patient outcome. Moreover,
UUT-TCC often presents at a higher grade and stage compared
with bladder TCC, emphasizing the need for early diagnosis 
[11]. Therefore, a reliable, noninvasive method of detecting
UUT-TCC earlier and for monitoring patients with hematuria 
is urgently needed.

The FDA-approved FISH assay, UroVysion™ (Abbott Mo-
lecular/Vysis, Des Plaines, IL, USA), is a four-target, multicolor 
FISH probe set. This UroVysion probe mixture consists of
centromeric enumeration probes (CEPs) for chromosomes 
3, 7, and 17, and a locus-specific indicator (LSI) probe to the
9p21 band that are labeled with red, green, aqua, and gold 
fluorophores, respectively [12,13]. The UroVysion™ FISH assay
has been increasingly used as a valuable adjunct in detecting 
and monitoring bladder cancer, not only in cytologically nega-
tive, but also in cytologically inconclusive urine samples [5]. 
Recently, the UroVysion™ assay for detecting bladder cancer in 
patients evaluated for gross or microscopic hematuria was also 
approved by the FDA [6]. Similar to UroVysion FISH probes 
design, probes specific for centromeres of chromosomes 3,
7, 17 and for the p16 (9p21) locus were used in our study. 
Two DNA probes were mixed together as a set double-target 
FISH and paired as follows: chromosome 3 (fluorescein iso-
thiocyanate) and chromosome 7 (rhodamine), chromosome 
17 (fluorescein isothiocyanate) and p16 (rhodamine) (GP
Medical Technologies, Ltd, Beijing, China). Although there 
may be some difference in fluorescent labeling between our
dual-color FISH assay and the multi-color UroVysion FISH 
test, both assays are performed with the potential to detect the 
same chromosomal changes frequently associated with TCC, 

Table 1. Clinicopathological data of 11 patients with positive FISH results and negative cytology 

FISH (percentages of abnormal signals for chromosomes or gene)

Pt.
No.

Sex Age Gain
of 3

Gain 
of 7

Gain of 17 Gain
of p16 

Loss
of p16

Cytology Location of lesion Stage/Grade

1 Male 63y 4 23 35 26 7 Negative Right Ureter TCC(pT2G3)
2 Male 39y 29 37 11 6 9 Negative Right Renal Pelvis TCC(pT1G1)
3 Male 73y 11 19 3 2 6 Negative Left Ureter TCC(pT2G3)
4 Male 54y 9 21 3 1 29 Negative Right Ureter TCC(pT1G3)
5 Male 64y 51 2 4 3 61 Negative Left Renal Pelvis TCC(pT1G2)
6 Male 58y 18 23 41 16 8 Negative Right Renal Pelvis TCC(pT3G3)
7 Female 58y 9 20 5 20 7 Negative No found No found
8 Male 78y 19 5 27 0 11 Negative Right Ureter TCC(pT2G3)
9 Male 49y 15 7 28 4 16 Negative No found No found
10 Male 55y 6 17 11 5 19 Negative Right Ureter TCC(pT1G2)
11 Female 67y 61 22 19 0 52 Negative Right Renal Pelvis TCC(pT2G3)

Abbreviations: FISH, fluorescence in situ hybridization; Pt. No., patient number; TCC, transitional cell carcinoma. 
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including aneuploidy of chromosomes 3, 7 and 17, and loss 
of the 9p21 locus.

It is reported that upper tract and bladder TCCs are mo-
lecularly similar, with 10–15% of only UUT-TCCs having 
frequent DNA methylation and microsatellite instability [7]. 
To date, there are only limited data to reveal the utility of 
FISH as a non-invasive test in the detection of UUT-TCC. 
These data suggested that FISH analysis performed on voided
urine is feasible and that FISH could provide a reliable and 
less-invasive ancillary test for the detection of UUT-TCC 
[14-17]. However, no study has specifically evaluated the role
of FISH assay in the detection of UUT-TCC in patients with 
asymptomatic hematuria and negative urine cytology to date. 
Our present results showed that with the FISH assay, UUT-
TCC can be identified with a high specificity and sensitivity
in this highly selected patient population with hematuria and 
negative urine cytology. It is of note that none of the patients 
with proven UUT-TCC in our cohort had false-negative FISH 
results. Although Akkad et al. [15] recently reported similar 
result in their study, the FISH false-negative in our series 
was remarkably low compared with that (23.3%) reported 
by Marin-Aguilera et al. [14]. There are several possible ex-
planations for this finding. Firstly, the patient selection may
represent the key to this difference. Our study was designed
mainly to determine if there is a role for FISH in the detection 
of UUT-TCC in a highly selected patient population with 
asymptomatic hematuria and negative urine cytology. All 
patients in our study had negative cystoscopy and negative 
concurrent bladder biopsy if applicable. However, the study 
of Marin-Aguilera et al included a cohort of 30 consecutive 
patients initially diagnosed with UUT-TCC. Those with no
histologically confirmed tumor were excluded from analysis.
Moreover, most of proven TCCs in our cohort were high grade 
tumors, for which the FISH assay shows higher sensitivity 
than for low grade tumors [16]. Finally, we did not have 
long-term followup in our patients. The limited followup time
(median, 19.8 months) could explain some of the difference
in false negatives as some cancer may have been missed in 
our study. Future prospective studies will evaluate the issue 
of false negatives in a larger patient population with longer 
followup.

FISH was positive in two patients without evidence of TCC 
and the diagnostic investigations including negative urinary 
tract imagings, cystoscopy and ureteroscopy did not yield an 
indication for surgery in our series. Additionally, these two 
patients showed no evidence of malignancy during a close 
followup of 10 and 32 months respectively. In bladder TCC, 
positive FISH results have been shown to precede sympto-
matic tumor recurrence by several months [18-20]. The term
‘anticipatory positives’ has been applied to the situation of 
a FISH-positive result in the absence of concurrent detectable 
malignancy and this phenomenon was described in many 
studies of FISH assay for bladder TCC [21,22]. Future studies 
will be necessary to evaluate the issue of anticipatory positives 
in FISH assays for the detection of UUT-TCC.

It is of note that our FISH test for samples from healthy 
volunteers and patients is limited to just four chromosomes (3, 
7, 9, and 17), which are among the most frequently altered in 
UUT-TCC but are not the only ones [23]. Some previous stud-
ies have demonstrated a number of frequent genetic changes 
in TCC, such as increased copy numbers of chromosomes 1, 
3, 7, 9, 11, and 17 and deletions or total loss of chromosome 9 
[23,24]. Although a number of probes have been investigated 
to determine which combination yields the highest sensitivity 
and specificity for TCC detection, the optimal combination
was found to combine CEPs for chromosomes 3, 7, and 17, 
with a LSI probe to the 9p21 band. This combination signifi-
cantly increased both the sensitivity and specificity of the assay
compared with single probe analysis [5,6,12,13].

In summary, our preliminary results suggest that the clini-
cal utility of FISH assay of chromosomes 3, 7, 9, and 17 as 
a noninvasive ancillary test for the diagnosis of UUT-TCC 
in patients with asymptomatic hematuria and negative urine 
cytology evaluation may be promising. This approach provides
significant high sensitivity and specificity in detection in this
selected patient population. Further larger prospective and 
multicenter trials are needed to confirm our results.
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