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Introduction
Urine cytology

Bladder cancer is the second most common 
malignancy of the urogenital tract and comprises 
up to 2-3% of all neoplasia, ranking forth in men 
and ninth in women1. More recent studies have 
downgraded the frequency in the United States2,3. In 
90% of cases, the tumors grow from the urothelium. 
The accepted means for the detection of bladder 
cancer is cystoscopy plus urine cytology. In recent 
years, several non-surgical methods have been 
developed for early diagnosis of tumor relapse. The 
molecular pathways involved in tumorigenesis have 
led to molecular diagnostic assays. However, cytology 
remains the method of choice in the interpretation of 
in situ and high-grade tumors1. 

The performance of urine cytology is associated 
with tumor grade (high-low), specimen type (voided-
catheterized-cystoscopy induced-washings), and 
number of samples. 

Sensitivity and specificity of cytology for the 
detection of high-grade urothelial tumors (Fig. 1) 
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SUMMARY – Microscopic appearance of cells in urine cytological samples is the formal diag-
nostic approach adjunct to cystoscopy for the detection and follow-up of urinary tumors. However, 
cystoscopy is a surgical method and cytology may miss low-grade papillary tumors. Several assays and 
markers have been developed to assist in this. When combined with conventional cytology, uro-onco-
logical diagnostic performance is improved. We review the value of these non-invasive modalities in 
comparison with urine cytomorphology in the work-up of urothelial malignancies.
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Fig. 1. High grade urothelial neoplasm. Aggregate of 
neoplastic cells. Papanicolaou stain x400. 
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and in carcinoma in situ (CIS) is high because these 
neoplasms shed many cells with obvious signs of 
malignancy in voided urine. In low-grade urothelial 
carcinoma, as well as in papillary urothelial neoplasm 
of low malignant potential (PUNLMP), cytology is 
neither sensitive nor specific4.

Renal adenocarcinoma and adenocarcinoma of 
the prostate exfoliate cells into the urine and can 
be diagnosed by cytological examination. Staining 
with antibodies to EMA, CD15, and Vimentin can 
confirm the diagnosis for renal adenocarcinoma, and 
PSA immunostaining can establish the diagnosis for 
prostatic adenocarcinoma. Primary adenocarcinomas 
of the bladder are infrequent, comprising less than 2% 
of all bladder cancer cases.

Squamous cell carcinoma of the bladder is 
relatively uncommon and is strongly associated with 
Schistostoma haematobium, often endemic to Egypt. 
In this type the neoplasms are well-differentiated.

Non-keratinized squamous cell carcinomas can be 
cytologically misinterpreted as urothelial carcinomas. 
In these tumors, immunocytology is necessary 
using CK8/18 cytokeratins (Fig. 2). In uncommon 

lymphomas, the cytological diagnosis is established 
by combined morphologic-immunophenotypic 
features5. 

The accuracy of urine cytology is influenced by tumor 
grade, specimen collection method, and adequacy6.
High-grade carcinoma exfoliates evident abnormal 
cells into urine samples, resulting in high diagnostic 

accuracy with cytohistological correlation up to 98%, 
as reported by Bastacky et al.7. In contrast, for low- 
grade urothelial neoplastic lesions (papillary neoplasm 
of low malignant potential and low-grade papillary 
urothelial carcinoma), sensitivity and specificity scores 
are low at 8.5% and 50.0%, respectively, as observed 
by Raab et al.8. Specimen collection also affects the 
predictive value of urine cytology. A number of studies 
indicate that the greater the number of cell samples the 
more the sensitivity, principally in the interpretation of 
high-grade lesions9-12.

Two types of illnesses can be distinguished based 
on clinical outcome: a more fatal and a less fatal 
one13. The extent of tumor penetration and tumor 
grade influence the illness fatality and molecular data 
suggest conflicting primary genetic changes14. At first 
presentation, approximately 75% cases are superficial, 
while 25% cases involve the muscularis propria of 
the urinary bladder as reported by Ro et al.15. A 
high recurrence rate has been reported for superficial 
tumors (50-70%) within 5 years and a considerably 
low growth rate (about 10%), resulting in consequently 
long survival rates16-18.

Tumors infiltrating the muscularis propria have a 
far worse outcome, with an overall five-year recurrence-
free survival rate of only 69%, and just 39% in patients 
harboring regional lymph node metastasis, as observed 
by Steven et al.19.

In 1945, Papanicolaou and Marschall20 introduced 
urine cytology as a diagnostic tool in the work-up of 
urinary tract oncology. They initiated a development 
that rendered urine cytology a valid diagnostic method 
of urological and uro-oncological diagnosis and 
follow-up.

Subsequently, Kohler and Milstein21 described the 
first monoclonal antibody, an innovation in the field of 
immunology.

Morphological evaluation of exfoliated cells in urine 
is a supplement to endoscopic and ultrasonographic 
evaluation of the urinary tract in the diagnostic 
approach for urothelial carcinoma, with exceptional 
specificity and sensitivity for high-grade tumors22.

Urine cytology has been evaluated and validated 
in various clinical settings and has been taken into 
consideration by the World Health Organization 
classification of 200423. The limitations of 
conventional morphology-based urine cytology have 
been outlined24-26, and experienced cytologists have 
developed clear rules for its use27.

Fig. 2. High grade urothelial neoplasm. Papillary 
formation of neoplastic cells. CK8/18 immunostain x400. 



Morphometric advancements can supplement 
diagnostic information, as reported by Vom Dorp et 
al.28.

Urine immunocytology
Urine immunocytology assigns antibodies against 

cell surface antigens expressed by urothelial carcinoma 
cells29.

Cytokeratin immunostains are utilized for the 
diagnosis of the transitional cell neoplasms (kidney, 
urinary bladder and urethra) in cytology, as reported by 
several authors30. This panel includes cytokeratin AE1/
AE3, cytokeratin 20 (CK20), a marker of umbrella cells31, 
and cytokeratin fragments32. CK20 positive atypical 
urothelial cells are suggestive of low-grade transitional 
cell carcinomas of the lower and upper urinary tract33-35. 
As recently reported, transitional cell carcinomas 
express placental S100 protein, GATA binding protein 
3 (GATA3),  cytokeratins 7 and 20(CK7 and CK20), 
uroplakin III, and p63. Expression of both CK20 and 
proliferation associated marker ki-67 suggests a poor 
prognosis36,37. A study on human keratins has been 
published by Moll et al. in 200838.

Renal adenocarcinoma and adenocarcinoma of 
the urinary bladder stain positive for EMA, CD15 
and Vimentin markers, as reported by Wilkerson et 
al.39. GATA-3 and p40 are used to separate metastatic 
urothelial carcinoma from squamous cell carcinoma, 
as reported by Brandler et al.40. Lymphomas of the 
urinary bladder are usually of B-cell and MALT types 
and express CD20, and CD19, CD20 and FMC7, 
respectively41.

Plasmacytoid carcinoma (PUC) is a rare aggressive 
variant of urinary bladder cancer with poor outcomes. 
Malignant cells have a plasmacytoid morphology 
with abundant cytoplasm and eccentric nuclei. In 
immunocytochemistry, the neoplastic cells are reactive 
for cytokeratin subtypes AE1/AE3, CK7, CK8/18, 
and plasma cell antigen CD13842.

Fibroblasts growth factor (FGF) and its receptor 
(FGFR) are markers for surveillance43. FGFR3 
alterations are associated with low-grade tumors and 
favorable prognosis44,45. Tumor suppression gene p53 
genetic alteration and increased ki-67 proliferative 
activity correlate with high-grade tumors and poorer 
prognosis46. 

The Paris System working group was composed 
of pathologists and urologists, and met in 2013 at 
the venue of the International Congress of Cytology, 

proposing the Paris system to standardize urine 
cytology47. In interpretation of urine samples that often 
contain few and misrepresented cells, immunocytology 
is an accepted method48,49.

FISH
Genetic alterations are involved in triggering and 

progression of bladder tumors. Loss of a part or the 
whole of chromosome 9 is the most frequent genetic 
alterations associated with bladder tumors. The other 
chromosomes involved are chromosomes 17, 7.11 and 
1. Fluorescence in situ hybridization uses fluorescent 
labeled DNA probes to chromosomal centromeres, 
and is performed to monitor patients for onset or 
relapsed urothelial neoplasms. In a study by Halling 
et al. in 2000, sensitivity of FISH for the detection of 
urothelial carcinoma was found to be better to that of 
cytology, while the specificity of FISH and cytology for 
urothelial carcinoma were not found to besignificantly 
different (50). 

IMMYNOCYT TEST
The immunocyt test combines urinary cytology and 

fluorescence immunocytochemistry by monoclonal 
antibody 19A211 labeled with Texas red, which detects 
a high molecular weight form of CEA, and antibodies 
M344 and LDQ10 labeled with fluorescein that 
detects cytoplasmic mucin antigens expressed in low-
grade bladder carcinoma cells. Pfister et al. reported 
a significant increase in sensitivity when including 
immunocyt in urinary cytology examinations51.

However, this method has a low specificity 
compared with urine cytology52.

TELOMERASE
Telomerase is an enzyme acting on chromosomal 

instability by synthesizing telomeres. Bladder cancer 
can produce telomerase and thus regenerate telomeres 
and prevent apoptosis (cell death). It is detected using 
the telomeric repeat amplification protocol method 
(TRAP) or by polymerase chain reaction (PCR). A 
meta-analysis of 42 tumor markers and assays for the 
diagnosis of bladder cancer has shown that telomerase 
has the highest sensitivity (75%)53. In this study, it 
was also shown that the specificity of urine cytology 
was  higher (94%) and the difference was statistically 
significant in comparison to the specificity of other 
assays except the specificity of telomerase, which was 
not found to be significantly different53.
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HYALURONIC ACID AND HYALURONIDASE
Urine hyaluronic acid (HA) is a glycosaminoglycane 

and hyaluronidase (HAase) is an endoglycosidase 
which degrades hyaluronic acid into fragments, which 
are associated with bladder cancer angiogenesis and 
metastasis 54. 

NUCLEAR MATRIX PROTEIN 22 (NMP 22)
NMP-22 is released from the nuclei of tumor 

cells during apoptosis. When released in urine, it is 
detected by an enzyme-linked immunoassay kit using 
monoclonal antibodies. Grossman et al. investigated 
the diagnostic performance of NMP22 testing in a 
cohort of 1331 patients with predilection for bladder 
cancer. The sensitivity was found to be 55.7% and the 
specificity 85%, while the sensitivity and specificity for 
urine cytology were 15.8% and 99.2%, respectively55. 
99% of relapses were found by combining NMP22 assay 
and cystoscopy, while cystoscopy alone recognized only 
91.3% and sensitivity was not significantly increased 
by voided cytology56.

The NMP22 assay was compared to photodynamic 
diagnosis (PPD) of bladder cancer. Urine samples 
taken from 100 patients suspected of harboring 
cancer were tested for NMP22 and by cytology, and 
afterwards by PPD. Sensitivity and specificity were 
65% and 40% respectively, and 44% and 78% by 
cytology respectively. In bladder wash out samples, 
sensitivity and specificity of cytology was 75% and 
62%. In contrast, PPD sensitivity and specificity were 
93% and 43%. NMP22 scoring was of limited value 
due to low sensitivity, possibly because of false positive 
results in benign conditions. The conclusion was that 
NMP22 testing in combination with PPD cannot be 
suggested for the detection or follow-up of bladder 
tumors in daily clinical practice57.

BTA-TRAK and BTA-stat
BTA-TRAK and BTA-stat assays measure the 

human complement factor H related protein in urine, 
which belongs to the wide family of Bladder Tumor 
Antigens (BTAs). They are basement membrane 
degradation complexes released after tumor cell 
invasion58.

NOVEL IMAGING MODALITIES
Several imaging modalities have been used in 

the identification of suspected cancer and primary/
recurrent non-muscle-invasive bladder cancer 

(NMIBC), in addition to the classic White Light 
Imaging (WLI). Recently, a new digital image 
enhancing endoscopic system (IES) has been 
introduced to serve this purpose58,60. 

Conclusion
We believe that none of the non-invasive tests 

alone can lead urologists to more secure diagnosis and 
monitoring of patients with bladder cancer, and neither 
can reducing cystoscopic investigation frequency. The 
combination of cystoscopy, urine cytomorphology, 
urine immunocytology, and molecular urine markers 
testing, enhances the diagnostic performance of 
standard procedures, to the benefit of patients and 
clinicians in daily practice.
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 Sažetak

CITOLOŠKA ANALIZA URINA I POPRATNI PREGLED ZA INTERPRETACIJU I PRAĆENJE 
URINARNIH TUMORA

A. M Kalogeraki, D. I Tamiolakis i C. K Mamoulakis

Pregled stanica urinarinih citoloških uzoraka mikroskopom je formalni dijagnostički pristup koji se, uz citologiju, koristi 
za otkrivanje i praćenje urinarnih tumora. No citoskopija je kirurška metoda, a citologiji mogu promaknuti papilarni tumori 
niskog stupnja. Razvijeno je nekoliko analiza i biljega koji u tome pomažu. Kada se koriste uz konvencionalnu citologiju, 
poboljšava se uspješnost uro-onkološke dijagnostike. Pružamo pregled korisnosti ovih ne-invazivnih modaliteta u usporedi s 
urinarnom citomorfologijom u analizi malignih tumora mokraćnog mjehura.

Ključne riječi: urinarne neoplazme; citologija; tumorski biljezi


