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Background: Many studies have evaluated the per-
formance of fluorescence in situ hybridization (FISH)
in detecting urothelial carcinoma, while few of them
compared it in detecting bladder cancer (BC) vs. upper
tract urothelial carcinoma (UTUC). This study aimed
to determine and compare the FISH performance in
detecting BC and UTUC.
Methods: Data of patients with suspected urothelial car-
cinoma (UC) who accepted FISH from January 2021 to
April 2023 were retrieved. The sensitivity and specificity
of FISH in detecting BC and UTUC were determined
and compared.
Results: A total of 145 BC, 62 UTUC, and 170 non-UC
patients were included. No significant differences existed
between BC and UTUC cohorts in FISH sensitivity

(46.2% vs. 51.6%, p = 0.476) and specificity (100% vs.
95.8%, p = 0.271). FISH sensitivity was significantly
higher in high-grade vs. low-grade BC and increased
gradually from Ta to ≥T2 group. It was also higher in
patients with multiple or large tumors or older age. Simi-
lar tendencies were observed in UTUC. FISH sensitivity
was higher in BC vs. UTUC in detecting T1 or ≥T2
tumors (p < 0.05). Multivariate analysis confirmed the
tumor stage and the patient’s age as predictors of FISH
results in BC.
Conclusions: FISH demonstrated overall similar sensi-
tivity and specificity in detecting BC vs. UTUC, while
the sensitivity was higher in BC for T1 or ≥T2 tumors.
FISH was more sensitive in detecting more invasive or
advanced tumors. The tumor stage and the patient’s age
were predictors of the FISH result in BC.

Key Words: fluorescence in situ hybridization
(FISH), urothelial carcinoma (UC), bladder can-
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Introduction

Bladder cancer (BC) and upper tract urothelial carci-
noma (UTUC) account for 90%−95% and 5%−10%,
respectively, of urothelial carcinoma (UC).1,2 Urinary
cytology is generally accepted for the diagnosis of

UC with good specificity but low sensitivity. Numer-
ous urinary molecular markers were developed to
improve sensitivity, and some have been approved
for clinical use.3 The multitarget fluorescence in situ
hybridization (FISH) is applied to detect chromoso-
mal aberrations correlated with UC from exfoliated
urothelial cells, mainly targeting the aneuploidy of
chromosomes 3, 7, and 17 and the loss of 9p21.4 In
most cases, FISH was found to be superior to uri-
nary cytology in sensitivity in detecting UC, with no
significant loss of specificity.5–7 However, few studies
compared its performance in detecting BC vs. UTUC.8

Hence, this study aimed to determine and compare
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the performance of voided urine FISH in detecting BC
and UTUC. The predictive factors of the FISH result
were also explored. This study hypothesized that the
diagnostic yield of FISH might be better in detecting
BC vs. UTUC since a higher quantity of shedding
tumor cells could be achieved in BC cases.

Materials and Methods

Patients
Ethical approval was achieved by the institutional
review board of Zhongnan Hospital of Wuhan Uni-
versity (approval No. Kelun2021125). Data of patients
who accepted the FISH test from January 2021 to
April 2023 were retrieved from the hospital informa-
tion system. Two major groups of UC and non-UC
patients were identified. The UC group included
patients with pathologically confirmed BC or UTUC
through resection or biopsy of lesions. Patients were
excluded if no confirmed pathological results could
be obtained or in cases of conditions other than UC.
The non-UC group included patients with no UC
disease. It comprised two categories of patients: first,
patients examined for various reasons (e.g., clinical
symptoms, medical examination) and suspected BC
or UTUC were observed in imaging (mainly CT urog-
raphy) and/or endoscopy, while the diagnosis was
finally excluded; second, patients examined for gross
hematuria with no significant findings in both imag-
ing and endoscopy. All patients accepted the FISH
test before the invasive operation during the same
hospital stay.

Outcome measures
FISH sensitivity was determined in the UC group,
which was calculated by dividing the number of
FISH-positive patients by the total number of the
group. FISH specificity was determined on the non-
UC group, which was calculated by dividing the
number of FISH-negative patients by the total num-
ber of the group. Comparisons between BC and
UTUC were performed. Further subgroup analysis
was performed by the clinicopathological character-
istics of patients. The predictive factors of the FISH
result were also explored. In addition, the ability of
the separate probes in detecting aberrant cells was
analyzed in FISH-positive UC patients.

FISH test
Approximately 200 mL of fresh morning urine was
collected and sent for processing within 2−3 h.
The urine sample was divided into several 50 mL
centrifuge tubes and then centrifuged using the

TDZ5-WS centrifuge (Hunan Saite Xiangyi Cen-
trifuge Instrument Co., Ltd., Changsha, China) at
2000 rpm for 10 min. The supernatant was removed.
The sediment was collected into a centrifuge tube
and mixed with 5 mL of hypotonic solution of potas-
sium chloride before incubation at 37◦C for 20 min.
After fixing with 3:1 methanol: glacial acetic acid,
the cells were spotted on glass slides and heated
at 56◦C for 2 h. The slides were washed with
2× saline sodium citrate (SSC) and then incubated in
a pepsin solution (0.02 mg/mL) at 37◦C for 10 min.
After being washed in 2× SSC, the slides were dehy-
drated in 75%, 85%, and 100% ethanol for 2 min each
and then air dried. The probe mix (Catalog number:
F01008-00) (Beijing GP Medical Technologies, Ltd.,
Beijing, China) which contained three centromere-
specific probes (CSP) for chromosomes 3, 7, and
17, and a gene locus-specific probe (GLP) for the
locus 9p21 (P16) was added on the slides, which
were then covered with glass coverslips and rub-
ber sealed. Denaturation was performed at 75◦C for
5 min, followed by hybridization overnight at 42◦C.
The slides were then washed separately in 0.3% and
0.1% Nonidet P-40 (octylphenoxypolyethoxyethanol)
and dehydrated in 75%, 85%, and 100% ethanol.
After air drying, the slides were counterstained
with 4′,6-diamidino-2-phenylindole (DAPI) (Beijing
GP Medical Technologies, Ltd., Beijing, China) and
coverslipped. Finally, the slides were placed in
the dark for 10−20 min and then observed using
an Olympus BX51 fluorescence microscope (Olym-
pus Corporation, Tokyo, Japan) under the 100× oil
objective.

The probe mix was composed of two combi-
nations of probes, i.e., the CSP3/CSP7 and the
CSP17/GLP P16, with the labeled colors of green/red
for each combination. The normal signal pattern thus
included two red and two green signals in a nucleus
under fluorescence microscopy using a certain filter
set. Abnormality was identified in the case of the
increase or loss of signals, and the increased copies
3–5 of chromosomes 3, 7, and 17 are commonly
seen in the case of UC (Figure 1). According to the
manufacturer’s suggestion, one hundred cells were
analyzed, and the percentage of cells with abnormal
signals on the target chromosomes was recorded.
The cutoff values were set as 10% for aneuploidy
of chromosomes 3, 7, and 17 and 15% for heterozy-
gous deletion of P16. Positivity was considered if
the cutoff values of two or more chromosomes were
exceeded or a single cutoff value was exceeded but
with multiple patterns of abnormality. Homozygous
deletion of P16 in more than 10% of cells was also an
indication of positivity. The cutoff values suggested
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FIGURE 1. Different signal patterns on CSP3 (green)/CSP7 (red) or CSP17 (green)/GLP P16 (red). (a) normal
diploidy of chromosomes 3 and 7; (b) polyploidy of chromosome 3, (c) 7, and (d) 17; (e) heterozygous and (f)
homozygous deletion of P16 (Magnification: ×1000)

by the manufacturer were determined in healthy con-
trols based on the Gaussian model. They were set as
the mean+3×standard deviation of the percentage of
abnormal cells in control individuals.9

Some cautions were made to ensure the quality
of the test. For example, the collection of adequate
fresh morning urine and the timely processing of the
sample, strict adherence to the protocol, including
precise control of time and solution temperature; stor-
age of excess cell sediments for possible retests; and
prioritized analysis in large cells with irregular nuclei.
In case of insufficient cell count or unsatisfactory
signal intensity, the test would be redone. The tests
were performed by a technologist and a second expert
would be consulted in case of doubts. The conclusion
would be made after discussion.

Statistical analysis
Statistical analysis was performed using R version
4.3.1. The packages of “autoReg” version 0.3.3 and
“MatchIt” version 4.7.0 were used, and Pearson’s
Chi-squared test or Fisher’s exact test was used to
compare rates between groups as appropriate. A
“Bonferroni” method was used for p-value adjust-
ment for multiple comparisons. A propensity score
matching (PSM) analysis was also performed to com-
pare FISH sensitivity between BC and UTUC cohorts.
Univariate and multivariate logistic regressions were

used to determine predictors of the FISH result with
the odds ratio (OR) calculated. The percentage of
aberrant cells detected by the separate probes was
compared using either a Wilcoxon rank sum test or
an analysis of variance, depending on the number
of subgroups stratified. Statistical significance was
determined at p < 0.05.

Results

A total of 215 patients with UC were included,
including 145 BC, 62 UTUC, and 8 cases with
both diseases (Table 1). No significant difference
in the patient age was observed between the BC
and UTUC cohorts (p = 0.691). Most BC patients
(86.2%) accepted transurethral resection of bladder
tumors, and most UTUC patients (82.3%) accepted
radical nephroureterectomy.

A total of 170 non-UC patients were included,
including 49 patients with suspicious BC, 72 patients
with suspicious UTUC, and 49 cases assessed for
hematuria with no significant findings.

FISH performance
The sensitivity and specificity of FISH in detecting UC
were 47.9% and 97.7%, respectively. No significant
differences were determined between BC and UTUC
in both measures (Table 2).
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TABLE 1. Demographics

Characteristics UC BC UTUC BC & UTUC

Patient number 215 145 62 8
Sex, n (%)

Male 168 (78.1%) 126 (86.9%) 35 (56.5%) 7 (87.5%)
Female 47 (21.9%) 19 (13.1%) 27 (43.5%) 1 (12.5%)

Age (years), mean (range) 67.9 (32−95) 68.0 (32−95) 67.3 (46−87) 70.0 (64−76)
Previous UC history, n (%) 35 (16.3%) 29 (20.0%) (BC: 26, UTUC: 1, both: 2) 6 (9.7%) (BC: 6) 0

Note. UC, urothelial carcinoma; BC, bladder cancer; UTUC, upper tract urothelial carcinoma.

TABLE 2. Overall comparisons of FISH

Parameters UC Non-UC BC Non-BC UTUC Non-UTUC p (BC vs. UTUC)

Positive 103 4 67 0 32 3
Negative 112 166 78 49 30 69

Total 215 170 145 49 62 72
Sensitivity 47.9% 46.2% 51.6% 0.476
Specificity 97.7% 100.0% 95.8% 0.271

Note. UC, urothelial carcinoma; BC, bladder cancer; UTUC, upper tract urothelial carcinoma.

In the BC cohort, FISH sensitivity was signifi-
cantly higher in patients with tumors of high grade,
advanced stages, multiplicity, and large size, and also
in patients with older age. Similar tendencies were
observed in the UTUC cohort, while significance was
only achieved in the comparison of the ≤T1 vs. the
≥T2 group. FISH sensitivity was significantly higher
in BC vs. UTUC cohort in detecting T1 or ≥T2 tumors
(Table 3). A 1:1 PSM analysis was performed to com-
pare FISH sensitivity between BC and UTUC cohorts
using the factors of sex, age, previous UC history, as
well as the size, number, grade, and stage of tumors
as covariates. Each cohort comprised 53 patients after
matching, and the FISH sensitivity was 52.8% in BC
vs. 47.2% in UTUC (p = 0.56).

Predictors of the FISH result
In BC, the tumor grade, stage, number, and size, as
well as the patient age, were associated with the FISH
results in univariate logistic regression, while only the
T1 and ≥T2 stages and the patient age were proven to
be predictors of FISH positivity in multivariate anal-
ysis. No corresponding predictors were determined
in the UTUC cohort. When combining the data of
BC and UTUC, the T1 and ≥T2 stages, the tumor
multiplicity, the large tumor size, and the patient
age were determined to be independent predictors of
FISH positivity (Table 4).

Performance of probes in FISH-positive UC
cases
More aberrant cells seemed to be detected in BC vs.
UTUC cohort by CSP3 (median 24.0 vs. 17.5), CPS7
(20.5 vs. 15.5), and CSP17 (26.0 vs. 16.0), although sta-
tistical significance was not achieved. The difference
was not observed on GLP P16 (both median 0). In
subgroup analysis, CSP3 detected more aberrant cells
in BC vs. UTUC for small tumors, and CSP17 detected
more for small tumors and ≥T2 tumors (p < 0.05). The
three CSPs detected more aberrant cells in patients
with multiple tumors in BC (p < 0.05) (Table 5).

Discussion

This study aimed to determine and compare the FISH
performance in detecting BC and UTUC. The predic-
tive factors of the FISH result were also explored.

FISH demonstrated moderate sensitivity and
good specificity in detecting UC in our series. FISH
sensitivity and specificity in detecting UC varied from
54.9% to 83.6% and 73.5% to 100%, respectively, in
some previous reports 6,10,11, and the specific values
were 27.3%−82.7% and 69.9%−100% for BC 12,13, and
51.9%−100% and 78%−97.8 % for UTUC, respec-
tively.14,15 Our results stayed in the ranges with a
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TABLE 3. Subgroup comparisons of FISH sensitivity

Characteristics BC UTUC p (BC vs.
UTUC)

n FISH
sensitivity

p n FISH
sensitivity

p

Sex 0.913 0.585
Male 126 46.0% 35 48.6% 0.790
Female 19 47.4% 27 55.6% 0.584

Age <0.001*** 0.070
<68 years 67 29.9% 34 41.2% 0.255
≥68 years 78 60.3% 28 64.3% 0.707

Previous UC history 0.803 >0.999
Yes 29 48.3% 6 50.0% >0.999
No 116 45.7% 56 51.8% 0.453

Tumor grade PUNLMP−LG: >0.999 0.084
PUNLMP 5 0 PUNLMP−HG: 0.023*
LG 48 16.7% LG−HG: <0.001*** 11 27.3% 0.413
HG 92 64.1% 50 56.0% 0.342

Tumor stage Ta−T1: <0.001*** 0.057
Ta 57 14.0% Ta− ≥T2: <0.001*** 6 16.7% >0.999
T1 65 61.5% T1− ≥T2: 0.065 13 30.8% 0.041*
≥T2 19 89.5% 41 61.0% 0.025*

Tumor number 0.002** >0.999
Single 70 34.3% 45 48.9% 0.119
Multiple (≥2) 64 60.9% 10 50.0% 0.514

Tumor size <0.001*** 0.238
<3 cm 82 34.2% 21 38.1% 0.735
≥3 cm 55 63.6% 33 54.6% 0.399

Tumor location NA 0.742
Renal pelvis 28 46.4%
Ureter 29 55.2%
Both sites 5 60.0%

Lymph nodes NA 0.160
Negative 39 41.0%
Positive 5 80.0%

Note. BC, bladder cancer; UTUC, upper tract urothelial carcinoma; UC, urothelial carcinoma; PUNLMP, pap-
illary urothelial neoplasm of low malignant potential; LG, low-grade; HG, high-grade; NA, not applicable.
*p < 0.05, **p < 0.01, ***p < 0.001.

relatively low level of sensitivity and a high level
of specificity. We did not perform FISH regularly
for all suspicious UCs. In fact, it was often omitted
for patients with relatively clear tumors in imag-
ing or endoscopy, which may impact the sensitivity
result. The FISH result may also be influenced by
the subjectivity of technicians, the sampling method,
the sample processing quality, and the evaluation
criteria.16 In addition, not all UCs, regardless of the
stage, have chromosomal alterations that could be
detected by FISH. Lavery et al. performed FISH on 16

pathology samples of BC and revealed 5 (31%) nega-
tives.17 The evaluation criteria may differ in different
studies, and the manufacturer-recommended criteria
were often questioned and modified by researchers to
improve results.18

The stratified FISH sensitivity in our study seemed
lower than that of previous reports in many cases,
while the overall specificity favored our results. Yu
et al. determined the FISH sensitivity of 12.5% and
94.4% in detecting non-muscle-invasive and muscle-
invasive UTUC, respectively. The former was lower,
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TABLE 4. Results of multivariate logistic regression

Characteristics BC UC
OR (univariable) p OR (mul-

tivariable)
p OR (univariable) p OR (mul-

tivariable)
p

Sex
Male Reference Reference
Female 1.22 (0.43–3.48) 0.710 1.22 (0.60–2.50) 0.589

Age 1.06 (1.02–1.10) 0.001** 1.06
(1.02–1.12)

0.009** 1.06 (1.03–1.09) <0.001*** 1.07
(1.03–1.11)

<0.001***

Previous UC history
No Reference Reference
Yes 1.23 (0.49–3.10) 0.654 1.10 (0.49–2.50) 0.818

Tumor grade
PUNLMP 0.00 (0.00-Inf) 0.989 0.00 (0.00-Inf) 0.989
LG Reference Reference
HG 8.56 (3.50–20.99) <0.001*** 1.32

(0.34–5.04)
0.689 5.74 (2.70–12.22) <0.001*** 1.50

(0.52–4.33)
0.449

Tumor stage
Ta Reference Reference
T1 9.15 (3.64–22.98) <0.001*** 6.40 (1.70–

24.13)
0.006** 6.85 (2.92–16.07) <0.001*** 4.50 (1.43–

14.09)
0.010*

≥T2 86.25 (9.96–747.12) <0.001*** 43.47
(3.60–
524.30)

0.003** 11.21 (4.48–28.04) <0.001*** 7.27 (2.09–
25.36)

0.002**

Tumor number
Single Reference Reference
Multiple (≥2) 2.49 (1.22–5.11) 0.012* 2.43

(0.92–6.42)
0.072 1.89 (1.02–3.47) 0.041* 2.38

(1.11–5.11)
0.026*

Tumor size
<3 cm Reference Reference
≥3 cm 3.23 (1.55–6.75) 0.002** 2.09

(0.82–5.28)
0.121 2.82 (1.54–5.17) <0.001*** 2.26

(1.10–4.67)
0.027*

Tumor location NA
Bladder Reference
Upper tract 1.06 (0.56–2.02) 0.854

Note. BC, bladder cancer; UTUC, upper tract urothelial carcinoma; UC, urothelial carcinoma; PUNLMP, papillary urothelial
neoplasm of low malignant potential; LG, low-grade; HG, high-grade; NA, not applicable. *p < 0.05, **p < 0.01, ***p < 0.001.

while the latter was higher than our results.19 Lavery
et al. used intraoperative bladder-washed urine for
FISH in detecting BC and determined the sensitiv-
ity of 25% and 73% for low-grade and high-grade
tumors, respectively, and 63% and 74% for ≤T1 and
≥T2 tumors, respectively. Each was higher than that
of our results, except for the ≥T2 group. The overall
specificity was relatively low at 72%.17 Nagai et al.
determined a sensitivity of 27.3% in 40 suspected BC
patients with major Ta tumors.13 Pycha et al. per-
formed FISH using selective upper tract urine, the
sensitivity was 84.6% and 100% for low-grade and
high-grade UTUC, respectively. The overall speci-
ficity was 81.8%.8 Caution should be taken to the

finding that FISH may also be positive in some car-
cinomas of non-urothelial lineages.20 Overall, large
discrepancies existed in previous reports with dif-
ferences in patient number and characteristics, urine
sampling method, positivity criteria, etc., which ren-
der direct comparisons difficult.

An overall similar sensitivity or specificity was
achieved in detecting BC vs. UTUC. However, the
sensitivity was higher in BC for T1 or ≥T2 tumors.
Most patients in the UTUC cohort had ≥T2 tumors,
while Ta and T1 tumors accounted for most cases
in the BC cohort. More aberrant cells seemed to
be obtained in FISH-positive cases of BC vs. UTUC
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TABLE 5. Subgroup comparisons of aberrant cells

Parameters Tumor grade Tumor stage Tumor size Tumor number Lymph nodes

LG HG p Ta T1 ≥T2 p <3 cm ≥3 cm p Single Multiple p L- L+ p

BC
n 8 59 8 40 17 28 35 24 39 NA NA
CSP3 17.0 24.5 0.235 17.5 25.0 24.0 0.418 30.0† 22.0 0.332 15.0 30.5 0.005**
CSP7 13.5 22.0 0.134 13.5 21.0 24.0 0.366 26.5 19.0 0.535 11.5 30.0 0.005**
CSP17 13.0 29.0 0.097 5.5 23.0 31.0† 0.052 30.2† 30.8 0.910 20.0 31.5 0.029*
GLPP16 10.5 0 0.283 22.5 0 0 0.356 0 0 0.962 0 0 0.817

UTUC
n 3 28 1 4 25 8 18 22 5 16 4
CSP3 20.0 16.5 0.482 18.0 17.0 0.874 15.0† 20.5 0.242 15.5 20.0 0.316 15.0 27.5 0.051
CSP7 18.0 15.0 0.815 18.0 15.0 0.874 12.5 17.0 0.058 15.5 13.0 0.381 15.0 24.0 0.098
CSP17 10.0 16.5 0.160 20.5 17.0† >0.999 12.5† 16.5 0.344 14.5 17.0 0.553 16.5 27.0 0.369
GLPP16 0 0 0.872 18.0 0 0.057 0 0 0.775 0 0 0.943 0 15.0 0.120

Note. BC, bladder cancer; UTUC, upper tract urothelial carcinoma; PUNLMP, papillary urothelial neoplasm of low
malignant potential; LG, low-grade; HG, high-grade; NA, not applicable. †Comparison between BC and UTUC achieved
statistical significance; L-, Lymph node negative; L+, Lymph node positive; *p < 0.05, **p < 0.01.

on CSP3, CSP7, and CSP17, although statistical sig-
nificance was not achieved. In subgroup analysis,
CSP3 detected more aberrant cells in BC for small
tumors, and CSP17 detected more for small tumors
and ≥T2 tumors. These results support our hypothe-
sis that the diagnostic yield with FISH may be better
in detecting BC vs. UTUC, since a higher quantity
of shedding tumor cells could be achieved in BC
cases. Furthermore, in case of severe upper tract
obstruction caused by tumors, the yield of exfoli-
ated cells may decrease further.19 Invasive approaches
to obtain washing, brushing, or passively collecting
urine from the upper urinary tract may improve
detection, while it should be considered against
the additional suffering, risk, and cost. Modification
of the positivity criteria for better applicability in
UTUC may be explored. Timely and correct sam-
ple processing, together with standardized protocol
and quality control measures, should be adhered to
ensure the quality of the test.18 Lin et al. determined
a higher FISH sensitivity in BC vs. UTUC (84.6% vs.
73.7%) with relatively limited patient numbers, and
no stratified analysis was available.21 Gomella et al.
determined an overall comparable FISH sensitivity
of 50.0% vs. 51.9% in detecting BC vs. UTUC, which
was similar to our finding, while the specificity was
lower. In addition, FISH was performed within 6
months of endoscopic evaluation, which rendered it
an anticipatory instead of a diagnostic test.10 Freund
et al. demonstrated the feasibility of FISH for the

detection of UTUC using 1 mL of passively collected
upper tract urine.22

FISH sensitivity was higher for more invasive or
advanced tumors. The sensitivity was significantly
higher in BC of high grade, advanced T stages, multi-
plicity, or large size. This is easy to understand since
more shedding cells or cells with more chromosomal
aberrations could be achieved in these cases. FISH
sensitivity was also higher in older patients with
BC, and it may share the same reason as mentioned
above. Multivariate analysis confirmed the T1 and
≥T2 stages as well as the older patient age as pre-
dictors of FISH positivity in BC. When combining
the data of BC and UTUC, the tumor multiplicity
and the large tumor size were determined to be
additional adverse predictors. The high-grade tumor
was identified as an independent predictor of FISH
positivity in the study of Nagai et al.13 Chen et al.
found that the CSP7/CSP17 positivity was corre-
lated with tumor stage, size, and number, as well as
patient age, in patients with low-grade non-muscle-
invasive BC (NMIBC).23 FISH was also used to predict
the pathological stage and grade of UTUC after
surgery.15,24

More aberrant cells seemed to be detected in
more advanced tumors in FISH-positive UC cases.
The three CSPs had more positive findings in BC
of high grade, advanced stages, and multiplicity,
with statistical significance achieved regarding tumor
multiplicity. Most cases had no abnormality on GLP
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P16. The deletion of P16 was reported to occur fre-
quently in the early stages of BC, while high-grade
or invasive disease accounted for the most in our
series, especially in UTUC.3 Lodde et al. identified
the loss of 9p21 as the most frequent aberration in
their series, which was mainly composed of patients
with Ta NMIBC.25 Sharan et al. observed that the
chromosome 3 polysomy was statistically significant
in differentiating muscle-invasive from muscle-free
high-grade UC and low-grade UC cases.26 In the
study of Diao et al., the positivity of CSP3, CSP7,
and CSP17 was found to be associated with muscular
invasion of BC, and CSP7 positivity was identified as
an independent predictor of this. P16 locus loss was
identified in 22% of the cohort.27 Similarly, Xu et al.
only identified 24% of UTUC cases with 9p21 loss,
and it was more commonly seen in Ta and low-grade
tumors. They also observed that the higher polysomy
correlated with the state of a higher-grade or higher-
stage tumor.28 Guan et al. declared that the P16 genetic
aberrations of Chinese UTUC patients might be lower
than those of patients from Western countries.29 Cur-
rent commercial FISH kits generally adopt the four
probes as mentioned above, while some researchers
questioned their optimality and tried to locate more
specific chromosomes for the detection of UC.30

This study presents some limitations. The retro-
spective nature may introduce bias and the issue of
a lack of standardization. For example, FISH was
performed based on physicians’ discretion and could
be omitted if the diagnosis was clear in imaging or
endoscopy. The risk of selection bias may exist for
the inclusion of non-UC patients. In addition, the
patient number in the UTUC cohort was relatively
small, which may restrict the statistical power. The
positivity criteria of FISH applied in the study were
relatively stringent, which may increase the speci-
ficity at the sacrifice of sensitivity. Nonetheless, our
series was relatively homogeneous with histologi-
cally confirmed UC and effective FISH results before
surgery during the same hospital stay. It provided
detailed stratified data for comparisons between BC
and UTUC, which were not available in previous
reports. Prospective studies would be needed to
further clarify the issue.

Conclusions

FISH demonstrated overall similar sensitivity and
specificity in detecting BC vs. UTUC, while the sen-
sitivity was higher in BC for T1 or ≥T2 tumors. FISH

was more sensitive in detecting more invasive or
advanced tumors. The T1 and ≥T2 stages and the
older patient age were predictors of FISH positivity
in BC. The tumor multiplicity and the large tumor
size were additional predictors in UC. More aberrant
cells could be yielded in FISH-positive cases of BC vs.
UTUC and in FISH-positive cases of UC with more
advanced tumors.
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