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Abstract

• To assess the ability of reflex UroVysion fluorescence in situ hybridization (FISH)

testing to predict recurrence and progression in non-muscle invasive bladder cancer

(NMIBC) patients with suspicious cytology but negative cystoscopy.

• Patients on NMIBC surveillance were followed with office cystoscopy and urinary

cytology every three-to-six months.

• Between March 2007 and February 2012, 500 consecutive patients with suspicious

cytology underwent reflexive FISH analysis.
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• Clinical and pathologic data were reviewed retrospectively.

• Predictors for recurrence, progression, and findings on subsequent cystoscopy (within

two-to-six months after FISH) were evaluated using univariate and multivariate Cox

regression.

• 243 patients with suspicious cytology also had negative surveillance cystoscopy.

• Positive FISH was a significant predictor for recurrence (hazard ratio 2.35, 95%

confidence interval [CI] 1.42, 3.90, p=0.001) in multivariate analysis and for progression

(hazard ratio 3.01, 95% CI 1.10, 8.21, p=0.03) in univariate analysis, compared to

negative FISH.

• However, positive FISH was not significantly associated with evidence of tumor on

subsequent surveillance cystoscopy compared to negative FISH (odds ratio 0.8, 95% CI

0.26, 2.74, p=1).

• Positive FISH predicts for recurrence and progression in NMIBC surveillance patients

with suspicious cytology but negative cystoscopy.

• However, an association was not found between FISH result and tumor recurrence in the

immediate follow-up period.

• Reflex FISH testing for suspicious cytology may have limited ability to modify

surveillance strategies in NMIBC.
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Introduction

Approximately 75%–85% of patients diagnosed with bladder urothelial carcinoma present

with non-muscle-invasive disease (Ta, Tis, T1). (1) Despite initial transurethral resection,

70% of patients will recur, and up to 15% will progress to muscle-invasive disease requiring

radical cystectomy. (2) Therefore, NMIBC patients require frequent, long-term surveillance

with cystoscopy and urinary cytology. Urinary cytology is limited by its variable sensitivity

for detecting tumors. Its sensitivity ranges from 80% to 90% for high-grade lesions and

carcinoma in situ, but is much poorer for low-grade papillary lesions. (3) Cytology also

suffers from interobserver and inter-institutional variability. (4–6) A suspicious cytology is

particularly challenging because it raises the possibility of tumor even when cystoscopy is

normal, and there are no specific recommendations to guide clinicians in deciding whether

to perform further testing or alter surveillance in this scenario. (1, 7, 8)

Urinary tumor markers have been proposed as an adjunct to standard surveillance to

improve tumor detection. The UroVysion Bladder Cancer Kit (Abbott Laboratories, Abbott

Park, Illinois, USA) is a fluorescence in situ hybridization (FISH) assay that reveals

aneuploidy for chromosomes 3, 7, and 17 as well as focal loss of 9p21 from exfoliated

urothelial cells in urine specimens. (9) Compared to cytology, UroVysion has improved
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sensitivity but lower specificity for diagnosing urothelial carcinoma, and has been studied

specifically in the setting of equivocal cytology results. (10–18) Because the assay detects

molecular evidence of tumor, a positive FISH in the absence of grossly visible tumor on

cystoscopy has been shown to identify patients who may recur with the passage of time.(11–

13) A negative FISH, on the other hand, may identify patients at low risk for disease who

may then avoid unnecessary further evaluation. (17–19)

In this study, we reviewed a cohort of patients at our institution with UroVysion FISH

reflexively ordered for suspicious cytology. We analyzed FISH results to determine if the

assay predicts for future recurrence and progression in NMIBC patients with suspicious

urinary cytology but negative surveillance cystoscopy. To determine whether assay results

could be used to modify surveillance in these patients, we also analyzed its ability to predict

cystoscopically evident tumor recurrence in the immediate follow-up period.

Patients and Methods

Review of clinical data for this study was approved by our Institutional Review Board. From

March 2007 through February 2012, 500 patients with a history of NMIBC were found to

have suspicious urinary cytology during surveillance evaluation by two high-volume

urologists (G.D. and H.W.H.). Each cytology specimen was sent reflexively FISH testing.

At our institution, a suspicious diagnosis is given to cases in which the degree of atypia is

highly suspicious for malignancy but cell number and/or associated morphologic changes

preclude a definitively positive diagnosis. (16) Specimens with unequivocally benign or

malignant cytologic findings did not trigger reflex testing. An atypical diagnosis is reserved

for cases in which atypical cytologic findings are strongly favored to be associated with

benign, reactive, or post-treatment processes; these cases also did not trigger reflex FISH

testing. Our standard surveillance regimen includes in-office flexible cystoscopy as well as

urinary cytology at three-to-six month intervals. Positive cystoscopy was defined as

evidence of a visible papillary tumor. Visualization of erythematous lesions suspicious for

CIS was also considered a positive cystoscopy upon pathologic confirmation at TUR.

Cystoscopy was recorded as negative when bladder mucosa appeared normal. Patients with

positive cystoscopies in conjunction with the reflex FISH assay were excluded from the

study, leaving 243 patients eligible for analysis.

All cytology slides were stained according to the Papanicolaou technique. UroVysion assays

were performed on cellular material remaining after cytologic evaluation. In each case, a

minimum of 25 morphologically abnormal cells were analyzed. The signal distribution for

morphologically abnormal cells showing either a gain of multiple chromosomes (i.e. ≥3

signals for more than one of the probes for chromosomes 3, 7, or 17; or a homozygous loss

of 9p21) was recorded. Positive FISH was defined as either ≥4 cells with gains of

chromosomes or ≥12 cells with homozygous loss of 9p21. Cases were defined as

indeterminate when specimens yielded insufficient numbers of cells for FISH analysis.

Our primary aim was to determine the association between FISH analysis and disease

recurrence and progression. Recurrence was defined as a positive cystoscopy at any time

during subsequent follow-up. Solitary, low-grade appearing lesions were generally
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fulgurated during cystoscopy; all other lesions underwent transurethral resection.

Monitoring for upper tract recurrence was initiated when cytology was unequivocally

positive but cystoscopy was negative. All visualized upper tract lesions were biopsied or

resected. Pathologic specimens were reviewed by board-certified genitourinary pathologists.

All tumors were staged according to the 2010 TNM classification and graded by the 2004

WHO classification.(20, 21) Treatment for recurrent non-muscle-invasive disease was left to

the discretion of the treating physician and included observation or intravesical therapy

(induction or maintenance). Progression was defined by pathologic upstaging to muscle-

invasive (≥ pT2) disease in the bladder and/or upper tract or evidence of disease refractory

to intravesical therapy requiring radical cystectomy.

As an additional outcome measure, we also assessed the ability of FISH to predict results of

subsequent surveillance cystoscopy, potentially distinguishing patients who may need more

aggressive surveillance from those who could undergo cystoscopy less frequently. We

analyzed a subgroup of patients with documented cystoscopy performed at our institution

between 2 and 6 months after reflex FISH.

Statistical analysis

Multivariable Cox regression was used to determine the association between a positive FISH

result and eventual recurrence, adjusting for tumor stage (Ta v. T1 v. Tis), tumor grade (1–2

v. 3–4), presence of carcinoma in situ, and prior intravesical therapy. Univariate Cox models

were used to assess predictors of progression because of the limited number of events in our

cohort. Recurrence-free (RFS) and progression-free survival (PFS) rates after reflex FISH

were estimated using Kaplan Meier methods. Differences in survival outcomes according to

FISH result were assessed by the log-rank test.

A Cox regression model assumes that censoring is independent of any of the covariates. We

were concerned that certain tumor or patient characteristics would result in more intensive

follow-up for higher-risk patients and earlier detection of recurrence and progression. To

avoid censoring biases, we tested for an association between each covariate and frequency

of follow-up. None of the predictors were significantly associated with follow-up frequency

(all p>0.1), suggesting that bias due to informative censoring is unlikely.

Logistic regression was used to assess whether FISH could predict cystoscopy results during

early follow-up. Other variables analyzed included tumor stage, tumor grade, presence of

carcinoma in situ, and prior intravesical therapy. Because of the limited number of positive

cystoscopies in our cohort, each predictor was analyzed univariately. All analyses were

conducted using Stata 12.0 (Stata Corp., College Station, Texas, USA).

Results

Median age at time of reflex FISH was 71 (interquartile range 64, 78) and 202 patients

(83%) were male. FISH results were negative in 75 (31%), uninformative in 65 (27%), and

positive in 103 (42%) patients. Median followup time for patients without recurrence or

progression was 27 months. Complete cohort characteristics are found in Table 1.
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Recurrence occurred in 97 patients (40%). Median time to recurrence for patients with

negative, uninformative, and positive FISH was 16 months (95% CI 6.5, 29.5), 13 months

(95% CI 6.4, 25.8), and 12 months (95% CI 6.2, 25.5), respectively. In 10 patients (4%),

first recurrence after reflex FISH was detected in the upper tract. Overall, FISH results were

significantly associated with risk of recurrence (p=0.001). A positive FISH significantly

increased the risk of recurrence (hazard ratio 2.35; 95% CI 1.42, 3.90; p=0.001) compared to

negative FISH on multivariable analysis. Uninformative FISH was not associated

significantly with recurrence (hazard ratio 1.18; 95% CI 0.64, 2.19; p=0.6) compared to

negative FISH. None of the other predictors analyzed were significantly associated with

recurrence (all p≥0.1) (Table 2). Differences in RFS by FISH result were statistically

significant (p<0.001). Probability of three-year RFS was 67% (95% CI 54, 78), 58% (95%

CI 41, 72), and 34% (95% CI 23, 45) for patients with negative, uninformative, and positive

FISH, respectively (Figure 1).

Tumor progression occurred in 24 patients. FISH results were significantly associated with

risk of progression (p=0.02). Positive FISH was significantly associated with increased risk

of progression (hazard ratio 3.01; 95% CI 1.10, 8.21; p=0.03) while uninformative FISH

was not significant (hazard ratio 0.79; 95% CI 0.19, 3.33; p=0.8), compared to negative

FISH. The presence of any carcinoma in situ was also a significant predictor of progression

on univariate analysis (hazard ratio 11.37, 95% CI 2.67, 48.35, p=0.001). The models also

suggest that prior intravesical therapy was a predictor for progression (HR 2.92; 95% CI

1.00, 8.55; p=0.05) (Table 3). Differences in PFS by FISH result were statistically

significant (p=0.01). Three-year PFS was 93% (95% CI 81, 97), 93% (95% CI 78, 98), and

78% (95% CI 65, 86) for patients whose FISH results were negative, uninformative, and

positive, respectively (Figure 2).

We identified a subgroup of 125 patients who had their subsequent surveillance cystoscopy

performed at our institution between two and six months after the reflex FISH assay.

Cystoscopy was negative in 108 patients and positive in 17. Clinical and tumor

characteristics are shown in Table 4. FISH results were not significantly associated with the

results of the next cystoscopy (p=1). While the association was not significant, the 95% CI

indicates that a positive FISH can potentially increase the odds of having a positive

subsequent cystoscopy by 2.74 times over a negative FISH (odds ratio 0.84, 95% CI 0.26,

2.74). None of the other characteristics analyzed (CIS, tumor grade, history of IVT, tumor

stage) were significantly associated with result of subsequent cystoscopy (all p≥0.2) (Table

5).

Discussion

In this study, a positive UroVysion FISH assay was found to be a predictor of recurrence

and progression in patients with negative cystoscopy but suspicious urinary cytology during

surveillance for NMIBC. However, we were unable to identify a significant association

between FISH results and cystoscopic evidence of recurrence in the immediate follow-up

period. Thus, while FISH appears to be reliable in demonstrating tumor biology and natural

history of NMIBC, we cannot determine an obvious clinical role for reflex FISH testing in

these patients at the current time.

Kim et al. Page 5

BJU Int. Author manuscript; available in PMC 2015 September 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



Prior studies have demonstrated the predictive ability of FISH in patients with surveillance

cytology demonstrating varying degrees of atypia, based on the premise that chromosomal

changes may precede visual evidence of recurrent disease. (11–13) Sarosdy et al. introduced

the term “anticipatory positive” to describe this scenario. In their multicenter study, 15 of 36

(41%) surveillance patients with negative cystoscopy but positive FISH eventually recurred,

at a mean time to recurrence of 6 months. (11) In a larger study, Yoder et al. evaluated

recurrence in 250 patients receiving reflex FISH for equivocal or negative urinary cytology.

Disease recurred during surveillance in 63% of patients with negative cystoscopy within 29

months, with an estimated recurrence risk of 48% (95%CI 34, 62) and 54% (95% CI 40, 67)

at six and 10 months, respectively.(13)

However, our focus was specifically on patients with suspicious cytology, a group that

represents a diagnostic and therapeutic challenge. While not definitively positive for

malignancy, a suspicious cytology still puts patients at high risk for tumor recurrence. (22)

When cytology is suspicious but cystoscopy does not reveal any obvious tumor, clinicians

could continue routine surveillance without additional testing—but at the risk of missing

cancer diagnosis. However, a prior report from our institution revealed that the positive

predictive value of a positive reflex FISH in any patient with suspicious cytology was only

56.8%, indicating that additional workup may be unnecessary for all patients. (16)

In our cohort of 243 cystoscopically negative patients with suspicious cytology, 103 (42%)

had anticipatory positive FISH, and 55 patients (23%) experienced recurrence. A positive

FISH result, a significant predictor of recurrence and progression in our study, could

therefore be used to reinforce the importance of strict surveillance to detect these events and

initiate appropriate therapy. Positive FISH was also associated with earlier time to

recurrence and progression, compared to uninformative or negative FISH. However, it is

important to note that all of these events in our study were diagnosed under standard

cystoscopic surveillance protocols, regardless of reflex FISH result. Therefore, the

predictive ability of a reflex FISH, by itself, appears to have limited clinical utility.

We hypothesized that FISH may have increased clinical impact if a positive assay result

could reliably identify patients likely to recur in the immediate follow-up period. Similarly,

if a negative FISH definitively predicted for negative immediate cystoscopy, a case could be

made for extending the interval to subsequent follow-up despite the suspicious urinary

cytology. This would decrease the number of surveillance cystoscopies, sparing some

patients unnecessary procedures and reducing overall surveillance costs. However, we were

unable to detect a significant association between FISH results – positive or negative – and

immediate follow-up cystoscopy. In the absence of evidence to the contrary, long-term

follow-up with cystoscopy at regular intervals remains the mainstay of NMIBC surveillance.

The added cost of FISH in the surveillance of bladder cancer must also be taken into

consideration. Bladder UC is already one of the costliest cancers to treat, largely due to the

demands for lifelong surveillance, and in prospective trials FISH has not shown increased

cost-effectiveness over cystoscopy alone for tumor detection. (23, 24)

Our results should be interpreted in the context of the study design and its limitations. First,

while FISH was ordered for suspicious cytology in surveillance patients in a prospective,
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unbiased manner, our data review and analysis was retrospective. Second, FISH was

performed reflexively and a positive result by itself did not trigger additional diagnostic

testing, nor did a negative result delay future surveillance studies. However, because treating

physicians were not blinded to FISH results, it is possible that bias and test results could

have influenced treatment decisions. There was also variability in patient follow-up – some

patients discontinued surveillance at our institution, and others did not receive follow-up at

recommended intervals. Differences in prior treatment for NMIBC may have influenced

FISH results as well (single-agent versus combination therapy, number of treatment cycles,

and patterns of treatment response). Despite differences in choice and duration of agents

used, intravesical therapy has generally been shown to decrease early recurrence in both

primary and recurrent NMIBC. (25, 26) In contrast, positive FISH after bacillus Calmette-

Guérin treatment has been shown to predict for recurrence and treatment failure. (27–29)

However, we did not find a significant association between prior intravesical therapy and

likelihood of positive cystoscopy in the early follow-up period after FISH (p=0.8). Finally,

the diagnosis of atypical or suspicious cytology can vary from institution to institution. (4,

30) Our study population may therefore differ from other groups, limiting the

generalizability of our results.

In conclusion, anticipatory positive urinary FISH predicts for recurrence and progression in

NMIBC patients in the setting of negative cystoscopy and suspicious cytology. These results

can be used to counsel patients and reinforce the need for strict surveillance. However, the

lack of an association between FISH result and cystoscopic tumor recurrence in the

immediate follow-up period appears to limit the utility of the assay in modifying NMIBC

surveillance regimens.
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Figure 1.
Kaplan-Meier probability curves for recurrence-free survival (RFS) after reflex FISH

stratified by FISH result. Differences in RFS are statistically significant (p<0.001, log-rank

test).
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Figure 2.
Kaplan-Meier probability curves for progression-free survival (PFS) after reflex FISH

stratified by FISH result. Differences in PFS are statistically significant (p=0.01, log-rank

test).
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Table 1

Characteristics of patients included in regression and progression models (n = 243).

Variable No. (IQR or %)

Age at reflex FISH, yr, median 71 (64, 78)

Male 202 (83)

T stage

 Ta 106 (44)

 T1 91 (37)

 Tis 46 (19)

Carcinoma in situ 126 (52)

History of UTUC 10 (4)

Tumor grade

 Low 47 (19)

 High 196 (81)

IVT prior to FISH 155 (64)

 BCG onlya 127 (52)

 BCG+otherb 18 (8)

Mitomycin-C only 10 (4)

FISH result

 Negative 76 (31)

 Uninformative 67 (28)

 Positive 100 (41)

IQR = interquartile range; FISH = fluorescence in situ hybridization; UTUC = upper tract urothelial carcinoma; IVT = intravesical therapy; BCG =
bacillus Calmette-Guérin.

a
Includes patients receiving induction BCG only or induction plus maintenance BCG.

b
Other agents include interferon (10 patients), thiotepa (4 patients), gemcitabine (3 patients), Adriamycin (1 patient)
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Table 2

Multivariable Cox regression model for recurrence after initial FISH

Predictor HR 95% CI p value

Carcinoma in situ 1.12 0.65, 1.91 0.7

High grade tumor 1.20 0.60, 2.42 0.6

IVT prior to FISH 1.55 0.92, 2.59 0.1

T Stage

 Ta Reference 0.1

 T1 1.13 0.70, 1.84

 Tis 0.59 0.31, 1.11

FISH result

 Negative Reference 0.001

 Uninformative 1.18 0.64, 2.19

 Positive 2.35 1.42, 3.90

HR = hazard ratio; CI = confidence interval; IVT = intravesical therapy; FISH = fluorescence in situ hybridization
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Table 3

Univariate Cox regression model for progression after initial FISH

Predictor HR 95% CI p value

Carcinoma in situ 11.37 2.67, 48.35 0.001

IVT prior to FISH 2.92 1.00, 8.55 0.05

T Stage

 Ta Reference 0.1

 T1 1.55 0.58, 4.18

 Tis 2.85 1.03, 7.86

FISH result

 Negative Reference 0.02

 Uninformative 0.79 0.19, 3.33

 Positive 3.01 1.10, 8.21

HR = hazard ratio; CI = confidence interval; IVT = intravesical therapy; FISH = fluorescence in situ hybridization
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Table 4

Characteristics for patients included in outcome model for subsequent surveillance cystoscopy after reflex

FISH, stratified by cystoscopy result (n = 125)

Variable Negative cystoscopy Positive cystoscopy

No. patients 108 17

Age at FISH, yr, median (IQR) 71 (65, 79) 69 (64, 77)

Sex: males, no. (%) 94 (87) 12 (71)

T stage (%)

 Ta 46 (43) 10 (59)

 T1 39 (36) 5 (29)

 Tis 23 (21) 2 (12)

Carcinoma in situ (%) 62 (57) 7 (41)

Tumor grade (%)

 Low 20 (19) 2 (12)

 High 88 (81) 15 (88)

IVT prior to FISH (%) 73 (68) 12 (71)

FISH result (%)

 Negative 34 (31) 6 (35)

 Uninformative 27 (25) 4 (24)

 Positive 47 (44) 7 (41)

Time from FISH to cystoscopy, mo, median (IQR) 3.7 (3.2–4.6) 3.7 (3.2–4.2)

IQR = interquartile range; FISH = fluorescence in situ hybridization; IVT = intravesical therapy
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Table 5

Univariate logistic regression model predicting outcome of subsequent surveillance cystoscopy after reflex

FISH

Predictor OR 95% CI p value

Carcinoma in situ 0.52 0.18, 1.47 0.2

High grade tumor 1.70 0.36, 8.06 0.5

IVT prior to FISH 1.15 0.38, 3.52 0.8

T Stage

 Ta Reference 0.4

 T1 0.59 0.19, 1.87

 Tis 0.40 0.08, 1.98

FISH result

 Negative Reference 1

 Uninformative 0.84 0.21, 3.28

 Positive 0.84 0.26, 2.74

OR = odds ratio; CI = confidence interval; IVT = intravesical therapy; FISH = fluorescence in situ hybridization
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