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Abstract. Urothelial carcinoma (UC) is the most common 
type of cancer of the bladder and upper urinary tract, and is 
characterized by a high risk of recurrence and progression. 
Urine fluorescence in situ hybridization (FISH) is a technique 
that detects genetic aberrations in exfoliated cells in the urine, 
with specific probes for chromosomes 3, 7 and 17 and the 
p16 gene. To evaluate the diagnostic value of FISH in UC, 
119 patients from November 2010 to June 2012 with suspected 
UC were recruited into a prospective, cross-sectional study 
and were followed up for 12-30 months. These patients 
received voided urine cytology and FISH tests, and underwent 
cystoscopy and/or ureteroscopy as a reference standard. The 
final diagnoses confirmed 73 patients with UC, located in the 
bladder, upper urinary tracts or the two. The sensitivity of 
FISH for detecting UC was superior to cytology, irrespective 
of tumor grade and stage: Overall, 80.8 vs. 32.9% (P<0.001); 
low grade, 75.8 vs. 12.1% (P<0.001); high grade, 85 vs. 50% 
(P<0.005); non-muscle-invasive, 81.1 vs. 28.3% (P<0.001) and 
muscle-invasive, 80 vs. 45% (P<0.05), respectively. The speci-
ficities of the two tests were similar; overall, the specificity 
was 89.1% for cytology vs. 100% for FISH, and no significant 
difference was observed between the methods. Notably, FISH 
exhibited 100% sensitivity for cytologically non-diagnostic 
UC, but 33.3% specificity. In conclusion, FISH is a reliable 
and non-invasive diagnostic tool for bladder and upper urinary 
tract UC, particularly in patients with low-grade or early stage 
tumors.

Introduction

Urothelial carcinoma (UC) is the most common type of 
cancer of the bladder and upper urinary tract (1,2). In the 
United States, there are 76,960 incident cases and 31,540 
cancer-associated mortalities caused by bladder cancer each 
year (3). Furthermore, UC accounts for ~80,500 incident 
cases and 32,900 mortalities in China annually (4). With an 
annual incidence of 0.69-0.73/100,000 per year, upper tract 
urothelial carcinoma (UTUC) is less common compared with 
bladder urothelial carcinoma (BUC) (5), but UTUC is often 
diagnosed concurrently with BUC. Although the majority of 
tumors are non-muscle-invasive when initially diagnosed, 
UC is characterized by a high risk of recurrence and progres-
sion. The ‘Tumor, Node, Metastases’ (TNM) classification 
system is widely used for staging UC (6). Of patients with the 
stage Ta-T2, ~60% relapse within three years of initial treat-
ment (7,8), and multiple or recurrent lesions may indicate a 
lifelong risk of progression (9). UC is associated with a number 
of risk factors, with tobacco smoking considered to be the most 
important (10,11). A previous study confirms that smoking 
exposure confers risk to the recurrence rate for smokers and 
non-smokers (12).

Diagnosis and surveillance of UC generally involve inva-
sive procedures. Physical examination typically finds a limited 
number of clues, whilst in rare and advanced cases masses 
may be palpable. Cystoscopy, ureteroscopy and biopsy remain 
the standard diagnostic tools for UC. However, endoscopy is 
usually associated with complications including hemorrhage, 
infection and perforation, and has serious limitations in 
certain patients with anatomical abnormalities or history of 
urinary tract reconstruction, for example urinary diversion or 
ureteroileal anastomosis (13).

Urine-based diagnostic tests are non-invasive and 
convenient, but inaccurate. Urine cytology for exfoliated 
cells exhibits excellent specificity, but the overall sensitivity 
is low, particularly for low-grade tumors, ranging between 
4-31% (13,14). Numerous biomarkers for tumor-associated 
proteins including human complement factor H-related protein 
and nuclear matrix protein 22, and the diagnostic test Immu-
noCyt have been introduced to achieve a higher sensitivity. 
However, as these tests are immunology-based approaches, 
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these markers are susceptible to urinary tract infections and 
intravesical therapies, resulting in a trade-off between sensi-
tivity and specificity (15).

Fluorescence in situ hybridization (FISH) is a technique 
that allows the visualization of genetic aberrations in many 
types of tumor. In UC, the most prominent types of genetic 
changes are the loss of the p16 gene at 9p21 and aneuploidies 
of chromosomes 3, 7 and 17. Therefore, multitargeted multi-
color FISH probes that are specific for these aberrations have 
been developed and tested for the diagnosis of UC (16).

Over the previous decade, several studies have evaluated 
the diagnostic value of FISH in UC, but the clinical value and 
cost‑efficiency remains incompletely characterized (17,18). As 
important data has arisen from case-control designs (19-21) 
or focused on BUC or UTUC exclusively (22-25), the present 
study was designed to assess the diagnostic value of FISH 
for detecting UC prospectively, and to evaluate the utility of 
FISH in association with cytology as a non-invasive diagnostic 
technique.

Patients and methods

Between November 2010 and June 2012, patients with 
suspected UC in West China Hospital, Sichuan University 
(Chengdu, China) were enrolled consecutively in a prospec-
tive, cross-sectional study. The majority of patients presented 
with gross hematuria, unexplained hydroureterosis or hydro-
nephrosis or abnormal imaging findings in the urinary tract, 
for example; masses or filling defects.

Once recruited, patient samples underwent urine cytology 
and FISH assays, followed by cystoscopy and/or ureteros-
copy within one week of urine collection. In patients with 
negative cystoscopy but either positive cytology or FISH, 
ureteroscopy was mandatory. If indicated, a biopsy or resec-
tion was performed. Patients negative for endoscopy in the 
initial assessment underwent a follow-up endoscopy every 
3-6 months. The diagnostic procedures are illustrated in Fig. 1. 
The present study was approved by the West China Hospital 
(Chengdu, China) Ethics Committee and written informed 
consent was obtained from each patient.

Prior to urine collection, each patient was instructed to 
empty the bladder completely, then drink 500 ml water. After 
1-2 h, two urine specimens of voided midstream urine were 
collected, ≥100 ml per sample, and analyzed within one hour.

For cytology, the urine specimens were centrifuged at 
600 x g for 10 min at room temperature, and the sediment 
fractions were sectioned for Papanicolaou staining and cyto-
logical diagnosis. Atypical or equivocate interpretations were 
reported as non-diagnostic.

The urine FISH assays were conducted with multitargeted, 
multicolor and commercially available kits (Bladder Cancer 
kits, Beijing GP Medical Technologies, Ltd., Beijing, China) 
according to the protocol of the manufacturer. The slides were 
prepared using the same procedure as the cytological analysis, 
and were denaturized and hybridized with two pairs of probes: 
Chromosome enumeration probe (CEP) 3/7 for chromosomes 
3 and 7, and glucagon-like receptor cyclin-dependent kinase 
inhibitor 2A (p16)/CEP17 for the locus 9p21 and chromosome 
17, respectively. Subsequent to washing of the slides, the nuclei 
were counterstained with 4,6-diamidino-2-phenylindole and 

were analyzed using a fluorescence microscope. A total of 100 
unoverlapped cells were evaluated consecutively. An analyz-
able reading required a minimum 80% hybridization rate.

One key step was to determine the cutoff for a positive 
reading. The fluorescent signals in fresh voided urine speci-
mens collected from 20 healthy control individuals in West 
China Hospital were analyzed, and the cutoff was determined 
as the mean percentage in healthy controls + 3x standard devia-
tion. For polysomy of CEP3, CEP7 and CEP17, the cutoff was 
7, 8 and 8% respectively. For p16, >10% of the counted nuclei 
with either homozygous or hemizygous loss were considered 
abnormal. A positive FISH result was given if any single cutoff 
was exceeded.

To determine the sensitivity and specificity profiles, endos-
copy and subsequent histological diagnosis were used as the 
reference standard. The biopsy was performed by transure-
thral resection or open surgery, and the tissues were sectioned 
by routine procedures. The tumor was staged and graded in 
accordance with the TNM classification (6) and the World 
Health Organization 2004 classification (26).

All tests were examined by two pathologists independently. 
The consensus was made and reported, and a third senior 
pathologist was consulted if required. All reviewers were 
blinded to the results of other tests and the clinical records 
except for suspicion of UC.

In order to define the difference in the diagnostic values 
between FISH and cytology in a sufficient number of patients, 
a binomial McNemar test for paired data and χ2 test for 
unpaired data were used. The correct sample size was esti-
mated following a method for paired diagnostic tests (27,28). 
The probable difference in the sensitivity and the specificity 
between the two assays was assumed based on a previous 
meta-analysis (14), and an 80% power was chosen to identify 
the disagreement. P<0.05 was considered to indicate a statis-
tically significant difference. All statistical analyses were 
performed using IBM SPSS Statistics version 23.0.

Results

Demographic and clinical characteristics of the patients. To 
compare the diagnostic value between FISH and cytology, a 
minimum of 65 patients were required and the present study 
recruited 123. A total of 119 patients qualified for the final 
analysis, and 4 were excluded due to loss to follow-up.

The demographic and clinical characteristics of the 
qualified patients are listed in Table I. A total of 16 patients 
exhibited histologically confirmed BUC with at least one 
transurethral resection prior to enrollment. A total of 13 had 
been diagnosed with other urinary disorders, including benign 
prostate hyperplasia and renal cysts. Only 1 patient exhibited a 
previous lateral nephrectomy due to renal tuberculosis. Gross 
hematuria was exhibited in 103 patients, and the most common 
findings on imaging were masses, followed by filling defects 
in the upper urinary tracts. As 33.6% of the patients in the 
present study were associated with a current or prior smoking 
history, the FISH results, listed by smoking status in Table II, 
demonstrate that tobacco smoking contributed significantly 
to UC prevalence (P<0.05). However, the correlation between 
smoking status and FISH sensitivity was not established in the 
present study (P>0.05).
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The final histological diagnoses of the 73 confirmed UC 
are summarized in Table III. A total of 5 cases of renal cell 
carcinoma were identified, and the remaining 41 patients were 
tumor-free throughout the present study. The patients were 
followed up for an average period of 18.7 months, ranging 
from 12-30.

Diagnostic values of cytology and FISH. To compare the 
performance of cytology, FISH and the two as simultaneous 
tests for diagnosing UC, the sensitivities, specificities and 
predictive values were calculated and are listed in Table IV. 
Urine cytology was positive for malignancy in 24 of 73 patients 
and negative in 49. A total of 9 samples were non-diagnostic, 
due to atypical or equivocal interpretations, and were consid-
ered negative in the analysis. FISH was positive in 59 and 
negative in 14 UC cases. A total of 4 samples that lacked suffi-
cient cells were considered negative, and comprised 2 patients 
with BUC, 1 patient with kidney cancer, and 1 true negative. 
Additional analysis of the benefit of combining cytology and 
FISH as a simultaneous test revealed that the increase in 
sensitivity and negative predictive value (NPV) was 1.4%. In 
contrast, combining the tests decreased the specificity and 
positive predictive value (PPV) by 10.9 and 7.7%, respectively.

As the major criticism on urine FISH and cytology is the 
lack of sensitivity for low-grade and early stage UC, the data 
were examined by tumor grade, stage and location. As demon-
strated in Table V, cytology was considerably less effective for 
highly differentiated or non-muscle-invasive tumors. Out of 33 
low‑grade UC, only 4 were identified by cytology. Conversely, 
the sensitivity of FISH was stable for tumor grade and stage.

Compared with cytology, FISH exhibited higher sensitivity 
for detecting UC, as illustrated in Fig. 2. The discrepancy was 
particularly conspicuous between low-grade and early stage 
UC, as the sensitivity for low grade FISH was 75.8% vs. 12.1% 
for low grade cytology, and the sensitivity for early stage FISH 
was 81.1% vs. 28.3% for early stage cytology, respectively 
(FISH vs. cytology, P<0.001). In 19 patients with UTUC 

without concomitant BUC, FISH exhibited significantly 
higher sensitivity compared with cytology (P<0.01). When 
determining specificity, 5 patients with negative histology 
were diagnosed with UC by FISH, whereas cytology exhibited 
no false positives. However, the difference was not significant 
(P=0.063).

Additionally, of the 9 cytologically non-diagnostic patients, 
8 were positive using FISH, including all 6 patients with UC 

Table I. Demographic and clinical characteristics of 119 patients 
 with suspected urothelial carcinoma.

Characteristic Value

Age, years
  Mean ± standard deviation 60.4±17
  Range 25-89
Female sex, n (%) 31 (26.1)
Current or prior tobacco smoking, n (%) 40 (33.6)
History of urinary disorders, n (%)
  Urothelial carcinoma 16 (13.4)
  Benign disorders 13 (10.9)
Gross hematuria, n (%) 103 (86.6)
Positive findings in ultrasound,  76 (63.9)
IVU, CTU or MRU imaging, n (%) 

IVU, intravenous urography; CTU, computed tomographic urography; 
MRU, magnetic resonance urography.

Figure 1. Flow diagram demonstrating the diagnostic procedures in the 
present study. FISH, fluorescence in situ hybridization.

Figure 2. Comparison of the sensitivities of FISH and cytology for diag-
nosing urothelial carcinoma. *P<0.05, **P<0.005, ***P<0.001 between FISH 
and cytology. FISH, fluorescence in situ hybridization; Ta, non-invasive 
papillary carcinoma; Tis, carcinoma in situ; T1, tumor invades subepithelial 
connective tissue; T2, Tumor invades muscle; T3, tumor invades beyond 
muscle; T4, tumor invades adjacent organs or fat.
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in this group. There was 1 false positive patient who exhibited 
a history of UC prior to the present study, and the other was 
diagnosed with kidney cancer. The sensitivity and specificity 
of FISH when used to diagnose cytologically equivocal 
samples were 100 and 33.3% respectively.

Discussion

The purpose of the present study was to evaluate the diag-
nostic value of FISH for diagnosing UC, and to assess the 
clinical consequences of FISH-based diagnostics in asso-
ciation with cytology. In a cohort of patients with suspected 
UC, it was revealed that FISH exhibited a higher sensitivity, 
PPV and NPV compared with cytology across tumor grade, 
stage and location. Cytology is associated with an excellent 
specificity, but the sensitivity is greatly reduced in low‑grade 
UC. The utility of the two methods as a simultaneous test was 
investigated, but the data suggest that the combination did not 
improve the accuracy of FISH.

FISH is effective, but not always efficient, in the diagnosis 
of UC. The advantage of FISH in sensitivity over cytology is 
reduced subsequent to the exclusion of superficial cancer from 
the analysis, indicating that tumor grade and stage may affect 
the accuracy (29). Although tobacco smoking is suggested to 
affect the wider prevalence of UC, and there is a higher detec-
tion rate in heavy smokers (30), the present study was only able 
to validate the former.

The data of the present study suggest that the high sensitivity 
of FISH across UC stage and grade is not coincidental (31). 
Potential explanations for the discrepancy between the results 
of the present study and other observations may be attributed 
to selection and observer bias. However, the approaches to the 

Table III. Tumor characteristics of 73 patients diagnosed with 
urothelial carcinoma by histological diagnosis.

Characteristic Value, n (%)

Location of lesion
  Urinary bladder 52 (71.2)
  Upper urinary tract 19 (26)
  Both 2 (2.7)
Tumor grade
  Low 33 (45.2)
  High 40 (54.8)
Tumor stage
  pTa 30 (41.1)
  pTis 1 (1.4)
  pT1 22 (30.1)
  pT2 9 (12.3)
  pT3 6 (8.2)
  pT4 5 (6.8)

pTa, non-invasive papillary carcinoma; pTis, carcinoma in situ; pT1, 
tumor invades subepithelial connective tissue; pT2, tumor invades 
muscle; pT3, tumor invades beyond muscle; pT4, tumor invades 
adjacent organs or fat.
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urine samples of the present study should also be considered. 
Firstly, only fresh voided urine specimens were examined. In 
addition, the pathology laboratory performing the tests was in 
the vicinity of the outpatient building and urology unit of the 
West China Hospital (Chengdu, China), allowing the specimens 
to be processed and prepared within short time periods, to reduce 
degeneration of the samples as much as possible. All FISH assays 
were performed on independent samples rather than the remains 
or the same slides from cytology to minimize the interference 
from previous manipulations. Lastly, the hybridization rate was 
considered a key indicator of the quality control, for example; 
samples that failed to reach an 80% hybridization rate were 
retested until the criteria were met. As only 4/119, 3.4%, FISH 
results were deemed ‘uninformative’, careful handling and strict 

standard of quality control may improve the sensitivity of FISH 
assay for obscure abnormalities in urine specimens. Another 
explanation for the observed discrepancy between the present 
study and previous studies may be the heterogeneity in the diag-
nostic criteria across different studies.

As the first commercially available FISH kit for diagnosing 
bladder cancer, UroVysion Bladder Cancer Kit (Abbott Molec-
ular, Inc., USA), was approved by the United States Food and 
Drug Administration in 2001, the UroVysion criteria has been 
widely used in clinical practice and studies, with continuous 
adaptions. Bubendorf et al (32) suggested that the detection 
of ≤4 tetrasomic cells in each sample should be considered 
normal in order to improve diagnostic value. Concurrently, 
Reynolds et al (33) demonstrated that FISH had improved 
sensitivity vs. cytology, but decreased specificity due to a 
greater number of false-positive results. Considering the lack 
of validation of the UroVysion criteria in the Chinese popula-
tion, the threshold was determined by performing FISH assays 
on samples from healthy donors. Additionally, Huang et al (22) 
reported similar results in BUC with this approach, and a 
direct comparison with the UroVysion criteria established by 
Cui et al (34) demonstrated that the donor-derived criteria is 
more effective.

From the literature, FISH possesses a substantially higher 
sensitivity for UTUC (25,35-37), whereas cytology is only posi-
tive in 20% patients without concurrent bladder UC, including 
invasive or high-grade UTUC (38,39). As UTUC shares iden-
tical karyotypic profiles with BUC (40), it is hypothesized that 
FISH serves an effective role for detecting UTUC. However, 
the generally small sample size in previous studies, owing 
to the low incidence of UTUC, undermines their strength of 
evidence.

Another application of FISH is to supplement cytological 
analysis. Previous studies have demonstrated that FISH 
possesses a remarkably high accuracy in patients with suspi-
cious, atypical or negative cytology, and the potential to predict 
UC development-patients with atypical cytology and false 
positive FISH at the initial assessment commonly develop UC 

Table IV. Sensitivity, specificity and predictive value of cytology, FISH and both as a simultaneous test for diagnosis of UC in 
119 patients.

 +, n -, n Total, n  Sen %  Spe %  PPV %  NPV %

Cytology    32.9 100 100 48.4
  + 24   0   24
  - 49 46   95
FISH    80.8 89.1 92.2 74.5
  + 59   5   64
  - 14 41   55
Simultaneous    82.2 89.1 92.3 75.9
  + 60   5   65
  - 13 41   54
Total 73 46 119

UC, urothelial carcinoma; FISH, fluorescence in situ hybridization; Sen, sensitivity; Spe, specificity; PPV, positive predictive value; NPV, 
negative predictive value.

Table V. Sensitivity of FISH and cytology for 73 urothelial 
carcinoma by tumor grade, stage and location. 

  Cytology  FISH 
Characteristic n sensitivity, % sensitivity, %

Grade
  Low 33 12.1 75.8
  High 40 50 85
Stage
  Ta, Tis, T1 53 28.3 81.1
  T2, T3, T4 20 45 80
Location
  Bladder 52 32.7 84.6
  Upper urinary tract 19 31.6 73.7
  Both   2 50 100

Ta, non-invasive papillary carcinoma; Tis, carcinoma in situ; T1, 
tumor invades subepithelial connective tissue; T2, tumor invades 
muscle; T3, tumor invades beyond muscle; T4, tumor invades adja-
cent organs or fat.
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within 15-22 months (41,42), and a preceding positive FISH 
result is associated with tumor relapse in 86% of UC surveil-
lance cases, including all high-grade recurrences (43). These 
data suggest that ‘false positive’ FISH reports should not be 
ignored, as they may indicate underlying tumorigenesis.

However, the FISH assay possesses limitations. This 
approach is more complicated and expensive compared with 
cytology, requiring a fluorescence microscope with commercial 
kits and specially trained laboratory staffs to visualize and inter-
pret the results. Considering these resources, performing FISH 
assays subsequent to positive cytology results is not realistic, as 
positive cytology results are reliable due to the high specificity 
of cytology for UC. FISH is also not cost-effective when low 
incidences of UC are expected, due to the reduced chance of 
diagnosing tumors. In particular, the performance of FISH 
is suboptimal when used as a reflex test concomitantly with 
cytology and UC screening in high risk populations (24,44).

Given these arguments, refinements are required to maxi-
mize the potential of urine FISH assays. Bladder and upper 
urinary tract washing may increase the probability of the 
detection of UC, as low-grade tumors are prone to shed fewer 
neoplastic cells into the urinary tract compared with advanced 
tumors, thus remaining undetected by urine-based tests (45). 
Adequate training and calibrated protocol for the performance 
of urine FISH assays may reduce the misinterpretation caused 
by sample handling and improper criteria.

Notably, the present study is based on a cohort from a single 
institution, which may potentially suffer from limited patient 
numbers and selection bias. Notwithstanding the limitations, 
these data support the importance of urine FISH assays for 
diagnosing bladder and upper urinary tract UC. They also 
underscore the value of these assays in patients with low-grade 
and early stage tumors, in which cytology-based methods are 
unreliable.
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