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Usefulness of Urine Cytology as a Routine Work-up in the Detection 
of Recurrence in Patients With Prior Non–Muscle-Invasive Bladder 
Cancer: Practicality and Cost-Effectiveness
Bong Gi Ok, Yoon Seob Ji, Young Hwii Ko, Phil Hyun Song
Department of Urology, Yeungnam University College of Medicine, Daegu, Korea

Purpose: To investigate the usefulness of urine cytology in the detection of tumor re-
currence in terms of practicality and cost-effectiveness.
Materials and Methods: We retrospectively analyzed 393 patients who underwent tran-
surethral resection of bladder tumor (TURBT) for non–muscle-invasive bladder cancer 
(NMIBC) from January 2010 to June 2013. All patients underwent cystoscopy, urine 
cytology, urinalysis, and computed tomography (CT) at 3 and 6 months after TURBT. 
In 62 cases, abnormal bladder lesions were identified on cystoscopy within 6 months. 
Suspicious lesions were confirmed pathologically by TURBT or biopsy. Patients were 
grouped by modalities: group I, urine cytology; group II, CT; group III, urinalysis; group 
IV, urine cytology plus CT; group V, urine cytology plus urinalysis; group VI, CT plus 
urinalysis; group VII, combination of all three modalities. Each group was compared 
by cost per cancer detected.
Results: Forty-nine patients were confirmed to have tumor recurrence and 13 patients 
were confirmed to have inflammation by pathology. The overall tumor recurrence rate 
was 12.5% (49/393) and recurrent cases were revealed as NMIBC. Sensitivity in group 
I (24.5%) was lower than in group II (55.1%, p=0.001) and group III (57.1%, p＜0.001). 
However, in group VII (77.6%), the sensitivity was statistically similar to that of group 
VI (75.5%, p=0.872). Under the Korean insurance system, total cost per cancer detected 
for group VII was almost double that of group VI (p=0.041).
Conclusions: Routine urine cytology may not be useful for follow-up of bladder cancer 
in terms of practicality and cost-effectiveness. Application of urine cytology needs to 
be adjusted according to each patient.
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INTRODUCTION

Urothelial carcinoma of the bladder is the second most com-
mon urological malignancy in both the United States and 
Korea despite ethical and cultural distinctions between the 
two distant regions [1-3]. Enthusiasm for early detection 
is highlighted mainly because of its increasing incidence 
during the recent 10-year period. Although about three-qu-
arters of cases are initially diagnosed as non-muscle–in-
vasive bladder cancer (NMIBC), which can be controlled by 

transurethral resection of bladder tumor (TURBT) with-
out morbid radical surgery, the formidable 5-year re-
currence rate, ranging from 31% to 78%, with a progression 
rate of 0.8% to 47% remains a clinical dilemma for most 
physicians [4,5]. Therefore, the role of a regular and in-
tegral follow-up protocol in the identification of early tumor 
recurrence cannot be overemphasized [5].

To achieve this goal, contemporary guidelines recom-
mend the use of diagnostic modalities such as cystoscopy, 
urine cytology, urinalysis, and computed tomography 
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(CT). Since the initial report nearly five decades ago, urine 
cytology has been used routinely in the detection of re-
currence of NMIBC because it enables direct microscopic 
investigation of urothelial cells without an invasive proce-
dure [6]. However, besides its low sensitivity, particularly 
for low-grade tumors [7], further drawbacks of urine cytol-
ogy include that its interpretation is pathologist-depend-
ent and can be affected by inflammation or cellular yield 
[8,9]. Although the specificity of urine cytology can be up 
to 90%, predominantly for high-grade tumors and carcino-
ma in situ (CIS) of the bladder, clinical decisions based on 
urine cytology often result in false-negatives. In addition, 
advances in imaging and radiologic technology have also 
facilitated detection of recurrence [10,11]. On the basis of 
these known limitations, recently updated Western guide-
lines have restricted the usage of urine cytology for the pre-
diction of high-grade tumors before transurethral re-
section [12]. Urine cytology is no longer recommended for 
all cases suspicious of NMIBC. However, contemporary re-
gional guidelines still document the routine usage of urine 
cytology, mainly because of its reported clinical cost-effi-
cacy compared with novel modalities such as bladder tu-
mor antigen (BTA), nuclear matrix protein 22 (NMP22) 
and fluorescence in situ hybridization (FISH) [13]. The aim 
of this study was therefore to determine the usefulness of 
urine cytology in the detection of tumor recurrence, partic-
ularly with respect to practicality and cost-effectiveness, 
compared with other routine components of surveillance 
modalities including cystoscopy, urinalysis, and CT.

MATERIALS AND METHODS

1. Patients enrolled 
From January 2010 to June 2013, a total of 393 consecutive 
patients underwent TURBT for lesions suspicious of blad-
der cancer and pathologically proven NMIBC at Yeung-
nam University Medical Center. All patients had under-
gone routine cystoscopy, urine cytology, urinalysis, and CT 
at 3 and 6 months after the initial TURBT for the detection 
of tumor recurrence. Within 6 months, abnormal bladder 
lesions were observed on cystoscopy examination in 62 pa-
tients with prior NMIBC, and these patients were enrolled 
in this study. In all enrolled cases, suspicious lesions were 
surgically resected by TURBT or bladder biopsy. To mini-
mize false-positives of urine cytology, patients with a prior 
history of radiation, pyuria at urinalysis, and urolithiasis 
by radiologic evaluation were excluded from this study. 
Patients with renal insufficiency who underwent magnetic 
resonance imaging instead of CT were also excluded.

2. Evaluation protocol for recurrence of NMIBC
Cytological evaluation was performed as follows: urine was 
spun and the resulting cell pellet consisting of the sloughed 
urothelial cells was resuspended in a fixative agent accord-
ing to standard operating procedure. This was then mount-
ed on a microscope slide and analyzed under ×400 
magnification. Cytological results were considered pos-

itive if the presence of tumor cells or atypical cells was 
observed. Urinalysis was considered positive when micro-
scopic (more than three red blood cells per high-power field) 
or gross hematuria was detected. Abdominal CT with con-
trast media was performed by using an identical protocol, 
which was then interpreted by a single experienced 
radiologist. Any abnormal enhancing lesions in the blad-
der were identified as positive findings. Among these three 
modalities, specific studies that were positive at the time 
of routine evaluation were inspected and compared with 
the outcome of pathologic examination. Results of cysto-
scopy, urinalysis, and CT for detection of tumor recurrence 
could be confirmed in 1 day. However, confirmation of urine 
cytology results took more than 1 day.

3. Patient groups
Patients were grouped for assessment of each modality: 
group I, urine cytology; group II, CT; group III, urinalysis; 
group IV, urine cytology plus CT; group V, urine cytology 
plus urinalysis; group VI, CT plus urinalysis; group VII, 
combination of all three modalities. All three modalities 
were performed in all patients; however, patients were div-
ided into groups according to the results of the modalities.

4. Costs of each modality for bladder cancer follow-up
The costs were 96,300, 46,300, 3,500, and 217,975 Korean 
Won (KRW, the currency of South Korea) for cystoscopy, 
urine cytology (including technical and professional com-
ponents), urinalysis, and CT, respectively. Particularly in 
Korea, most of the patients with pathologic proven NMIBC 
were fully covered by the mandatory medical insurance 
system, and they paid only 5% of the total medical cost after 
reimbursement. For follow-up of patients diagnosed with 
bladder cancer under the Korean insurance system, pa-
tient costs were 4,815, 14,665, 175, and 10,899 KRW for cys-
toscopy, urine cytology, urinalysis, and CT, respectively. 
Because all patients underwent cystoscopy, costs per mo-
dality were recalculated in order to add each modality to 
cystoscopy. Patient total cost was calculated as [(cost of 
each modality+cystoscopy cost)×no. of patients enrolled]. 
Cost per cancer detected was calculated as total cost/num-
ber of true positives (recurred tumor with positive result).

5. Ethical concerns and statistical analysis
This retrospective study was conducted in accordance with 
good clinical practice guidelines. All patients signed an in-
formed consent form before treatment. The principles of 
the Helsinki Declaration were followed.

By use of the final pathologic outcomes as a reference, the 
sensitivity, specificity, positive predictive value (PPV), 
negative predictive value (NPV), and accuracy of each 
group were assessed and compared, respectively. PASW 
Statistics ver. 18.0 (SPSS Inc., Chicago, IL, USA) was used 
for statistical analysis, and p-values less than 0.05 were 
considered significant. 
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TABLE 1. Baseline clinical and pathologic features of the 
patients

Characteristic Value

Age (y)
Gender

Male
Female

Pathologic outcome
Recurred tumor
Inflammation

Tumor size (cm)
≥3
＜3

Pathological stage
Ta
T1

Differentiation (grade)
Low
High

Multiplicity
Solitary
Multiple

Recurred duration (mo)
3
6

72.4±11.1
 

50 (80.6)
12 (19.4)

 
49 (79.0)
13 (21.0)

 
  9 (18.4)
40 (81.6)

 
32 (65.3)
17 (34.7)

 
15 (30.6)
34 (69.4)

 
20 (40.8)
29 (59.2)

 
19 (38.8)
30 (61.2)

Values are presented as mean±standard deviation or number (%).

TABLE 2. Comparison of each modality

Variable Group I Group II Group III
p-value

(Group I vs. II)
p-value

(Group I vs. III)

Sensitivity (%)
Specificity (%)
Accuracy (%)
PPV (%)
NPV (%)

24.49
92.31
38.71
92.31
24.49

55.10
53.85
54.84
81.82
24.14

57.14
69.23
59.68
87.50
30.00

0.001
0.030
0.020
0.068
0.634

＜0.001
0.043
0.018
0.183
0.235

Group I, cytology; group II, computed tomography; group III, urinalysis; PPV, positive predictive value; NPV, negative predictive value.

TABLE 3. Comparison of the combination modalities

Variable Group IV Group V Group VI Group VII
p-value

(Group IV vs. VI)
p-value

(Group V vs. VI)
p-value

(Group VI vs. VII)

Sensitivity (%)
Specificity (%)
Accuracy (%)
PPV (%)
NPV (%)

61.22
53.85
59.68
83.33
26.92

59.18
61.54
59.68
85.29
28.57

75.51
46.15
69.35
84.09
79.03

77.55
46.15
70.97
84.44
35.29

0.016
0.028
0.018
0.621

＜0.001

0.021
0.019
0.045
0.493

＜0.001

0.872
0.931
0.525
0.646
0.487

Group IV, cytology+computed tomography; group V, cytology+urinalysis; group VI, computed tomography+urinalysis; group VII, com-
puted tomography+urinalysis+cytology; PPV: positive predictive value, NPV: negative predictive value.

RESULTS

1. Demographic characteristics of the patients
The demographic characteristics of the patients are sum-
marized in Table 1. A total of 49 patients were confirmed 
to have tumor recurrence and 13 patients were confirmed 

to have inflammation according to the final pathologic 
outcome. Among 62 subjects finally enrolled, 44 had re-
ceived prior intravesical instillation therapy after the ini-
tial TURBT. The overall tumor recurrence rate was 12.5% 
(49/393), and all recurrent cases were revealed as NMIBC. 
The mean interval from initial TURBT to recurrence was 
4.8±1.5 months. The mean size of the tumor mass was 
1.7±0.9 cm at the initial TURBT and 1.3±0.9 cm for the re-
curred NMIBC.

2. Comparison of each modality
Of all 62 patients, 13, 33, and 32 cases showed positive re-
sults of urine cytology, CT, and urinalysis, respectively. 
The sensitivity of CT and urinalysis was 55.1% and 57.1%, 
which was higher than the 24.5% sensitivity for urine cytol-
ogy (p=0.001 and p＜0.001). The specificity of CT and uri-
nalysis was 53.9% and 69.2%, which was lower than the 
92.3% specificity for urine cytology (p=0.03 and p=0.43). 
The accuracy of CT and urinalysis was 54.8% and 59.7%, 
which was higher than the 38.7% accuracy for urine cytol-
ogy (p=0.02 and p=0.018). However, PPV and NPV did not 
differ significantly between modalities (Table 2). 

In patients with or without prior intravesical instillation 
therapy after initial TURBT, the sensitivity (29.7% and 
23.8%, p=0.09) and specificity (85.7% and 93.1%, p=0.21) 
of urine cytology did not differ significantly. The sensitivity 
(56.8% and 58.3%, p=0.68) and specificity (71.4% and 
66.7%, p=0.45) of urinalysis were also maintained sim-
ilarly regardless of prior intravesical instillation therapy. 

The sensitivity of group VI (75.5%) was higher than that 
of group V (59.2%, p=0.021) and group IV (61.2%, p=0.016). 
Other individual components except PPV differed sig-
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TABLE 4. Costs of screening modalities for bladder cancer

Group Each cost
Each cost after 
reimbursement

Cost per cancer 
detecteda

Cost per cancer detecteda 
after reimbursement 

I 
II
III
IV
V
VI
VII

46,300
217,975

3,500
264,275
49,800

221,475
267,775

14,665
10,889

175
25,564
14,840
11,074
25,739

736,767
721,669
220,986
745,188
312,352
532,488
594,017

100,647
36,084
11,049
62,783
42,021
26,625
49,851

Values are presented as Korean Won (the currency of South Korea).
Group I, cytology; group II, computed tomography; group III, urinalysis; Group IV, cytology+computed tomography; group V, cytol-
ogy+urinalysis; group VI, computed tomography+urinalysis; group VII, computed tomography+urinalysis+cytology.
a:Total cost/number of true positives.

nificantly between groups IV and VI and between groups 
V and VI. However, in group VII, the sensitivity (77.6%) 
was statistically similar to that of group VI, a group without 
urine cytology (75.5%, p=0.87), and no significant differ-
ence in any component was observed between groups VI 
and VII (Table 3).

3. Cost analysis
The results of the cost analysis are summarized in Table 
4. Total cost and cost per cancer detected did not differ sig-
nificantly between groups VI and VII (532,488 KRW and 
594,017 KRW, p=0.807). After reimbursement of total cost, 
costs per cancer detected for the seven screening modalities 
were as follows: group I, 100,647 KRW; group II, 36,084 
KRW; group III, 11,049 KRW; group IV, 62,783 KRW; 
group V, 42,021 KRW; group VI, 26,625; and group VII, 
49,851 KRW, respectively. Under the Korean insurance 
system, the cost per cancer detected by using the combina-
tion modalities of urine cytology, urinalysis, and CT was 
almost doubled that of CT and urinalysis excluding urine 
cytology (group VI vs. group VII, p=0.041). 

DISCUSSION

Because of the high recurrence and progression rates of 
bladder cancer, early diagnosis through regular clinical fol-
low-up is critical. Early detection and treatment of bladder 
cancer increases the survival rate of patients. If bladder 
cancers are detected and treated while the cancer is con-
fined within the bladder’s inner lining but has not invaded 
the muscular bladder wall, the 5-year survival rate is 88%. 
If the cancer is detected after it has invaded the bladder 
wall but is still confined to the bladder, the 5-year survival 
rate drops to 63%. However, only about 50% of patients are 
diagnosed before the cancer has invaded the muscular 
bladder wall [14]. As a result, various modalities, such as 
urine cytology, urinalysis, CT, and cystoscopy, are re-
quired for early detection of bladder cancer.

Cystoscopy is considered the gold standard in the initial 
diagnosis or follow-up of bladder cancer. Although cysto-
scopy is regarded as the reference standard for the de-

tection of tumor recurrence, a disadvantage of the method 
is its inability to detect recurrences in the upper tract. In 
addition, cystoscopy is an invasive procedure, which can be 
associated with subsequent complaints of anxiety, dysu-
ria, and urinary tract infection [15]. Thus, for follow-up of 
patients, other modalities such as urine cytology, uri-
nalysis, and CT are performed with cystoscopy.

Among these modalities, urine cytology has been used 
extensively as a noninvasive investigation in the diagnosis 
and follow-up of patients with urothelial malignancy [16]. 
Urine cytology is a valuable tool for detection of high-grade 
bladder cancer, particularly in a flat lesion that is difficult 
to detect on cystoscopy [17,18]. It has excellent specificity, 
but shows low sensitivity (30%–50%) depending on disease 
stage and differentiation grade [19]. However, the findings 
on cytological examination of urine are influenced by sev-
eral factors, including proper specimen collection, in-
ter-laboratory variation in specimen processing, sub-
jective interpretation, and lack of a standard method of re-
porting [17]. An additional problem in urine cytology is that 
stones, infections, urinary tract instrumentation, and ra-
diotherapy can all cause changes in urine cytology that 
mimic malignancy [20-22].

With this background, several novel studies were re-
cently reported. A systematic review by Mowatt et al. [23] 
showed that involving cytology was considered to be the 
least worthwhile option and suggested that urine cytology 
is perhaps going to become even less valuable because of 
having the lowest sensitivity among other modalities such 
as FISH, Immunocyt, and NMP22 and in terms of 
cost-effectiveness. In addition, Lotan and Roehrborn [13], 
who reported a low sensitivity of urine cytology (20%–53%), 
suggested that other urine-based bladder tumor markers 
such as BTA, NMP22, and FISH could replace routine cy-
tology during follow-up.

Today, there is a need to redefine the role of urine cytol-
ogy and review the guidelines for its use in the evaluation 
of urological malignancies [24]. This is reflected by the 
change in the 2013 European Association of Urology guide-
lines for NMIBC, in which cytology is no longer recom-
mended for all patients, but rather the role of voided uri-
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nary cytology is restricted to “prediction of high grade tu-
mor before transurethral resection” [12]. 

In our study, sensitivity was highest when urine cytology 
was performed with CT and urinalysis (group VII). 
However, sensitivity was statistically similar when CT and 
urinalysis were performed in combination excluding urine 
cytology (group VI). There were also no statistically sig-
nificant differences in PPV, NPV, or accuracy between 
group VI and group VII. In addition, cost and cost per cancer 
detected were reduced almost by half when all modalities 
excluding urine cytology were performed. Another study 
reported similar results. A systematic review and economic 
evaluation by Rodgers et al. [25] suggested that urine cytol-
ogy has no application in ruling out malignancy or exclud-
ing patients from further investigation.

Our study had some limitations, most of which were in-
nate to the retrospective design and limited number of pa-
tients with tumor recurrence. Because of this, we could not 
analyze the data according to the baseline risk strat-
ification, which may have affected the reliability of the re-
sults for urine cytology. Furthermore, direct comparison of 
medical cost between nations is difficult owing to the com-
plexity of the charging system. Under the Korean in-
surance system, most patients with pathologically proven 
NMIBC were fully covered by the mandatory medical in-
surance system, and they paid only 5% of the total medical 
cost after reimbursement. This difference may cause dis-
cordance in terms of cost-effective aspects. 

Despite these limitations, at the time of the change in 
guidelines for urine cytology, this study was a new trial that 
evaluated practical and cost-effective aspects of urine cy-
tology for the follow-up of bladder cancer. Conduct of more 
confirmatory studies that are prospective and include a 
large number of patients are required to determine the use-
fulness of urine cytology in the detection of tumor 
recurrence.

CONCLUSIONS

In our study, when performed in combination with uri-
nalysis and CT in the investigation of patients for follow-up 
of bladder cancer, urine cytology showed low efficacy in 
terms of practicality and cost-effectiveness under the 
Korean insurance system. We consider that routine urine 
cytology may not be useful for follow-up of bladder cancer 
in terms of practicality and cost. Application to all patients 
may need to be adjusted.
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