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Introduction

Bladder cancer (BC) is the 9th most lethal malignancy with a 
worldwide age-standardized incidence rate (per 100,000 people/
years) of 9.0 for men and 2.2 for women (1). Cystoscopy, with 
a sensitivity of 90%, is the golden standard for the diagnosis 
and follow-up of BC. However, it is an invasive approach that 
sometimes overlooks small tumors within the bladder (2). There 
are currently six Food and Drug Administration (FDA) approved 

urine tests, and although the sensitivity of these kits for BC 
diagnosis ranges from 57-82% to 74-88%, it increases with 
increasing stage and degree of the BC (3). There is certainly a 
need for a non-invasive tool to replace surveillance cystoscopies.

The fully automated urine formed element analyzer (UF-5000 
SYSMEX Corporation, Kobe, JAPAN), which was launched in 
2015, is capable of classifying and quantifying epithelial cells 
in greater detail with its “nucleic acid content” detecting 
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Objective: To evaluate the application of an automated urine analyzer (AUA) for the diagnosis of bladder cancer (BC)
Materials and Methods: A retrospective data analysis of 2365 urine specimens from the department of urology has been performed and matched with 
those patients, who have undergone cystoscopic evaluation or surgical treatment for different urological pathologies during 2018. After matching, 
clinical records of the patients has been further evaluated in order to select patients with recent or previous BC diagnosis. To assess the diagnostic 
efficacy of AUA, patients were divided into five groups according to the patient history of BC and healthy controls.
Results: A total of 106 patients are included in this study and the majority (69.8%) of the patients are follow-up patients with previous diagnosis and 
treatment of non-muscle invasive BC (NMIBC). For patients with low-risk NMIBC (n=27), the sensitivity and specificity were calculated as 75% and 
100%. For patients with high-risk NMIBC (n=47), who were previously treated with intravesical BCG, the sensitivity and specificity were calculated 
as 54.5% and 83.3%. All patients in radical cystectomy group (n=7) with muscle invasive BC had positive urine analyses results for atypical cells. And 
none of the patients in the control group (n=8) had positive AUA results and cystoscopic evaluation also did not show any bladder mass suspicious 
for BC.
Conclusion: The results of this retrospective pilot study showed acceptable sensitivity and specificity rates of the “fluorescence flow cytometry” based 
AUA and the results of the low-risk group are especially valuable regarding its potential use to decide on performing a follow-up cystoscopy or not. A 
prospective study is currently on progress to validate the findings of the current study. 
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“fluorescence flow cytometry” technology (4). Epithelial cells, 
predominantly with high nucleic acid contents for their cell size, 
are counted as atypical (a research parameter) by the analyzer. 
A previous study from Japan reported a high ability of the 
analyzer to predict the results of microscopic analysis of atypical 
cells in patients with urinary tract tumors; however, the type of 
the cancer cells is not specifically identified (5).

In this retrospective pilot study, we aimed to evaluate the 
application of an automated urine analyzer (AUA) for the 
diagnosis of BC.  

Materials and Methods

A retrospective data analysis of 2365 urine samples from the 
department of urology has been performed. We selected the 
samples of patients, who underwent cystoscopic evaluation 
or surgical treatment for various urological pathologies during 
2018. Clinical records of these patients were further evaluated 
in order to select patients with recent or previous BC diagnosis. 
Out of 2365 urine samples, a total of 98 samples (one sample 
per patient) were evaluated within the preoperative two weeks 
before the cystoscopy in patients with BC diagnosis. A total 
of eight samples were selected from patients who underwent 
cystoscopic evaluation for non-cancerous etiologies (control 
group). 

To assess the diagnostic efficacy of AUA, patients were divided 
into five groups according to the patient history of BC risk 
groups, which are defined by the international guidelines (6,7): 

Group 1– follow-up cystoscopy low-risk non-muscle invasive BC 
(NMIBC)

Group 2– follow-up cystoscopy high-risk NMIBC with previous 
intravesical Bacillus Calmette-Guerin (BCG) treatment (induction 
and at least 1-year maintenance treatment)   

Group 3– transurethral resection for a newly diagnosed bladder 
mass without previous BC history

Group 4– radical cystectomy for muscle-invasive BC

Group 5– cystoscopic evaluation for non-cancerous etiologies 
(control group)

Epithelial cells, predominantly with high nucleic acid contents 
for their cell size, are counted as atypical (a research parameter) 
by the analyzer, and these cells in the atypical cell zone are 
reported as “atypical cell in μL” of the urine specimen.  

Statistical Analysis

Data analysis was executed with SPSS version 20.0 (Chicago, IL, 
USA), and for the purpose of this pilot study, only the sensitivity 
and specificity analyses were performed. 

Results

A total of 106 patients were included in this study, and the 
majority (69.8%) of the patients were follow-up patients with 
previous diagnosis and treatment of NMIBC. For patients 
with low-risk NMIBC (n=27), sensitivity and specificity were 
calculated as 75% and 100%. Results of the urine analyses, 
cystoscopic evaluation, and pathologic characterization of the 
tumors are present in Table 1.

For patients with high-risk NMIBC (n=47), who were previously 
treated with intravesical BCG, the sensitivity and specificity 
were calculated as 54.5% and 83.3%, respectively. Results 
of the urine analyses, cystoscopic evaluation, and pathologic 
characterization of the tumors are present in Table 2.

For Group three patients (n=17), who underwent transurethral 
resection for a newly diagnosed bladder mass and without 
previous BC history, the sensitivity and specificity were calculated 
as 50% and 100%, respectively. Results of the urine analyses, 
cystoscopic evaluation, and pathologic characterization of the 
tumors are present in Table 3. 

All patients in the radical cystectomy group (n=7) with muscle-
invasive BC had positive urine analysis results for atypical cells. 
Furthermore, none of the patients in the control group (n=8) 
had positive AUA results, and cystoscopic evaluation also did 
not show any bladder mass suspicious for BC. 

Discussion

The results of this study showed acceptable sensitivity and 
specificity rates of the “fluorescence flow cytometry” based 
AUA compared to the current FDA approved urine tests. The 
results of the low-risk group are especially valuable regarding its 
potential use to decide on performing a follow-up cystoscopy 
or not. Such an application might be useful for avoiding an 
invasive procedure on the patient side together with additional 
economic savings considering the costs of the follow-up 
cystoscopies. 

Table 3. First time TUR for a newly diagnosed bladder tumor

SYSMEX
result

Cystoscopy result

Negative LMPUN pTaLG pTaHG pT1HG MIBC Total

Negative 1 1 4 1 1 1 9

Positive 0 0 1 1 5 1 8

Total 1 1 5 2 6 2 17

TUR: Transurethral resection, MIBC: Muscle invasive bladder cancer, LMPUN: 
Papillary urothelial neoplasia with low malignant potential

Table 1. Low risk NMIBC-control cystoscopy

SYSMEX result
Cystoscopy result

Negative LMPUN pTaLG Total

Negative 23 0 1 24

Positive 0 2 1 3

Total 23 2 2 27

NMIBC: Non-muscle invasive bladder cancer, LMPUN: Papillary urothelial 
neoplasia with low malignant potential

Table 2. High risk NMIBC-control cystoscopy

SYSMEX 
Result

Cystoscopy result

Negative LMPUN pTaLG pTaHG pT1HG MIBC Total

Negative 30 3 1 1 0 0 35

Positive 6 1 2 0 2 1 12

Total 36 4 3 1 2 1 47

NMIBC: Non-muscle invasive bladder cancer, MIBC: Muscle invasive bladder 
cancer, LMPUN: Papillary urothelial neoplasia with low malignant potential
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There are limited reports of the atypical cell counts with AUA 
for the diagnosis of BC. Ergüder et al. (8) analyzed 12900 urine 
samples retrospectively and included 1060 samples with the 
atypical parameter >0.1 in their study. The mean “atypical cell” 
count was significantly higher in patients with BC compared to 
other pathologies (1.61 vs 0.31). However, they did not report 
the pathological details of the tumors.

Shukuya et al. (5) analyzed the urine of 44 patients, who likely 
to have urinary tract tumors. In 41 patients, atypical cells were 
detected, and urinary tract tumors diagnosed. They reported 
the sensitivity as 81.0% and specificity as 88.0%, however no 
data regarding the pathological details of the tumors. Our data 
showed sensitivity and specificity as 75% and 100% for patients 
with low-risk NMIBC. This group of patients is of interest to 
active surveillance, and an alternative approach with such a 
urine analyzer can contribute to the current efforts (9). 

Almost half (44.3%) of our study group included high-risk 
NMIBC patients who were treated with intravesical BCG. This 
group received at least 1-year maintenance treatment, which is 
the minimum recommended duration for intravesical treatment 
for high-risk patients. Cytology is useful, particularly as an 
adjunct to cystoscopy, in patients with high-risk tumors, and the 
sensitivity and specificity of the urine cytology were reported 
ranging from 30% and 86% to 83% and 43% in various studies, 
respectively (7). For this group, the sensitivity and specificity of 
the urine analyzer were calculated as 54.5% and 83.3%. 

Study Limitations

The present study is limited by its retrospective nature. A 
significant limitation is that we did not have another parameter 
such as urine cytology in all patients to compare with urine 
analyzer. Another limitation is the absence of information 
regarding the timing of the collection of the urine. According to 
the developers of the analyzer, the ideal urine should last at least 
4 hours within the bladder or, most ideally, the first urine in the 
morning. Another potential limitation is that our study included 
a relatively small number of patients. However, compared to 
the limited reports, our data includes a relatively heterogeneous 
BC patient population that consisted of patients with different 
disease stages. 

Conclusions

The results of this retrospective pilot study showed acceptable 
sensitivity and specificity rates of the ‘‘fluorescence flow 
cytometry’’ based AUA, and the results of the low-risk group 
are especially valuable regarding its potential use to decide on 
performing a follow-up cystoscopy or not. A prospective study 
is currently on progress to validate the findings of the current 
study.
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