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Summary:

Introduction and purpose: Cytology of urine sediment is a diagnostic tool used to screen for
urinary tract lesions in two cases: surveillance of patients with a history of urothelial
malignancies and patients with unexplained, new onset haematuria. Since 2015
histopathological laboratories have been able to report urine cytology according to The Paris
System (TPS). Current studies suggest usefulness of urinary cytology in follow-up of urinary
tract malignancies, especially urinary bladder cancer, which is the 13th most deadly
throughout the world being responsible for 200 000 deaths in 2018 among neoplasms.

Objective: To review currently available data on PubMed about usefulness urine cytology
reporting in follow-up and diagnosis of urinary tract malignancies.
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A brief description of the state of knowledge: Advantages of urine cytology examination
contain non-invasiveness, high specificity, lower cost than cystoscopy and enable
immunohistochemistry performance as well. Implementation of The Paris System for
reporting urine cytology has created an universally acceptable and globally used report system.
Reporting according to TPS significantly reduced the number of cases described as atypical
changes.

Conclusions: Urinary cytology is used to supplement endoscopic evaluation of the urinary
tract in the screening and the surveillance of urothelial carcinoma. The Paris System for
reporting urinary cytology has clarified the diagnostic categories of urine sediment
examination. Cystoscopy and urine cytology are the standard tools for monitoring urinary
tract malignancies.

Key words: urinary tract; urinary bladder cancer; urine cytology; The Paris System;
immunohistochemistry

Introduction:

Cytology of urine sediment is a diagnostic tool known in medicine for over than 70
years, since dr. George Papanicolaou has suggested its usefulness in detection of urinary tract
malignancies [1]. Since then, the histopathologic recommendations of reporting urine
cytology (UC) have been changing. None of reporting systems for UC has gained universal
acceptance for lacking well-defined criteria; thus, many of urinary tract specimen assessments
were reported in different ways and misdiagnoses were made as well [2,3]. Cytopathologists
have reported UC according to The Paris System (TPS), since reporting guidelines in 2015
were defined [3]. The major advantage of TPS over previous recommendations is applying
universal, evidenced based, cytological assessment criteria, that describe findings in urine
sediment, especially atypical urothelial cells (AUC). Previously, this diagnostic category was
problematic and aroused controversy between cytopathology laboratories [4]. The application
of TPS has lowered the number of AUC diagnoses. [2,5] Some studies show that it may have
increased the number of subsequent diagnoses of high-grade urothelial carcinoma in AUC
cases [2]. Implementing TPS has raised the diagnostic specificity of urine cytology but it may
has decreased diagnostic sensitivity as well [5]. The examination of urine sediment is
typically used to screen for urinary tract lesions in two cases: surveillance of patients with a
history of urothelial malignancies and patients with unexplained, new onset haematuria [2].

Urinary bladder cancer is in the 10th place among occuring cancers worldwide. 90% of
those cancers are urothelial-cell-origin. The remaining 5-10% are usually squamous cell
cancers, associated with schistosomiasis infections in less-developed countries. GLOBOCAN
data informs about 550 000 new cases of bladder cancer in 2018. The incidence of bladder
cancer among women and men is highest in Southern Europe. Risk factors include tobacco
and chemical exposure. Urinary bladder cancer is 4 times more frequent in men, but the
incidence of this disease rises among females. Some studies suggest that bladder cancer may
be associated with genetic mutations. Among neoplasms, bladder cancer is the 13th most
deadly throughout the world being responsible for 200 000 deaths in 2018. Mortality is
highest in Africa and the Middle-East, regions where cancer is frequently associated with
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schistosomiasis. Due to improvement in early diagnosis and treatment, mortality is decreasing
in the majority of countries [6].

Objective: The aim of this review was to present currently available knowledge on online
database PubMed about usefulness urine cytology reporting in follow-up and diagnosis of
urinary tract malignancies.

2. State of knowledge

2.1 The follow up of urinary bladder cancer

Urine cytology is used to supplement endoscopic evaluation of the urinary tract in the
screening and surveillance of urothelial carcinoma. The initial evaluation of patients with high
recurrence rate of bladder cancer contains: cystoscopy, clinical assessment of renal function,
and imaging of the urinary tract, preferably with computed tomography (CT) or urography [7].
Cystoscopy and biopsy combination is a gold standard which allows to definitive diagnosis,
staging, and implementing primary treatment [7,8].

Urinary sediment cytology is a preliminary test, which is founded on an assessment of
the urinary tract. The key role of urine cytology as an initial diagnostic tool has been burdened
due to an increased risk of pre-laboratory mistake. Difficulty in elicitation of reliable results
may be caused by: inflammation, menstruation, nocturnal urine, urinary stones [3,9]. Despite
of the higher cost and invasiveness, cystoscopy with biopsy keep on a gold standard in follow
up of urinary bladder cancer patients due to higher sensitivity and specificity compared to
cytology [9,10,11].

2.2 The Paris System of urine cytology reporting

The Paris System (TPS) is a platform that standardises urine cytology reports. One of
the goals of TPS’ authors was to create a universally acceptable and globally used report
system. Diagnostic categories TPS contain: (1) nondiagnostic or unsatisfactory; (2) negative
for high-grade urothelial carcinoma (NHGUC); (3) atypical urothelial cells (AUC); (4)
suspicious for high-grade urothelial carcinoma (SHGUC); (5) high-grade urothelial carcinoma
(HGUC); (6) low-grade urothelial neoplasm (LGUN); (7) other: primary and secondary
malignancies and miscellaneous lesions [1].

The diagnostic algorithm of The Paris System is shown in figure 1. If the specimen is
covered in lubricant or inflammatory cells, it is deemed an unsatisfactory specimen. The main
goal of urine cytology reporting according to TPS is assessment of the lack or the grade of
cellular atypia. If the sample contains cells with mild degree of cytological atypia and
elements of fibrovascular core, radiology or endoscopy should be performed. No aberration is
classified as negative for high-grade urothelial carcinoma (NHGUC). NHGUC category



755

represents the majority of specimens. The most common type of cells in this category are
superficial urothelial cells followed by intermediate and basal urothelial cells [1,3]. Changes
associated with urolithiasis, treatment related changes and polyomavirus cytopathic changes
are included into NHGUC as well [1]. AUC category has aroused controversy, before TPS
was implemented. Now, the criteria of cellular atypia include one major criterion and one
minor criterium. The major or required criterion is the presence increased nuclear-cytoplasmic
(N/C) ratio (>0.5) of non-superficial cells. The minor criteria, of which one is required,
include: (1) irregular nuclear membranes, (2) mild nuclear hyperchromasia, and (3) coarse
chromatin [1,3]. Suspicious for High-Grade Urothelial Carcinoma category includes cases
with atypia beyond AUC category criteria. The major criteria for classifying the specimen as
SHGUC are non-superficial and non-degenerated urothelial cells with an increased N/C ratio
(>0.7) with hyperchromasia of the nucleus. The minor criteria include coarse chromatin and
irregular nuclear membranes. High-grade urothelial carcinoma (HGUC) in TPS is defined if
specimen includes from 5 to 10 severely abnormal urothelial cells with N/C ratio above 0,7
with moderate or severe hyperchromasia, coarse chromatin and irregular nuclear membrane.
The necessary morphologic features to classify specimens as low-grade urothelial neoplasm
(LGUN) is the presence of fibrovascular cores. They can be seen in any kind of low-grade
papillary lesion including papillomas, papillary urothelial neoplasia of low malignant
potential, and low-grade urothelial cancer as well [1,3].
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2.3 Urinary immunocytology

Discovery of the first monoclonal antibody contributes to understanding
immunological pathogenesis a wide variety of diseases and since then, immunohistochemistry
has become routine management in many laboratories [12]. Evidence-based knowledge
suggests that urinary immunocytology - combination of 2 approaches: cytology and
immunohistochemistry as an adjunct, may attain potential role. This approach seems to bear
the potential to fortify the diagnostic power of urine cytology in the screening and
surveillance of urothelial carcinoma [13,14]. Böhm et al. [14] mentioned that some
immunohistochemical markers have already been used in urinary immunocytology. Including
cytokeratin stains (cytokeratin-20 and cytokeratin fragments), Ki-67, fibroblast growth factor
(FGF) and its receptor (FGFR), p53 and nuclear matrix proteins were enumerated [13-16]. We
focused on nuclear matrix protein 22 (NMP-22) and cytokeratin -20 (CK-20). Raised urinary
levels of NMP and expression of CK-20 are non-invasive methods of surveillance for urinary
bladder cancer [13].

Srivastava et al analysed sensitivity and specificity of variety combinations of urine
cytology, CK-20 expression and NMP-22 level. This study revealed the specificity and
sensitivity of mentioned combinations were improved than urinary cytology alone [13]. It
seems, both examination of urinary cytology combined with NMP-22 level measurement or
with CK-20 immunohistochemistry may improve usefulness of these diagnostic tools. In
Srivastava et al study, sensitivity and specificity increased from approximately 76% to 88 %
when the combination of cytology and NMP was performed [13, 16]. CK20 is an important
biomarker that may be useful in recognition transitional cell carcinoma in urinary cytology
smears, especially for detection of urothelial carcinoma in atypical cytology. [15]

Overexpression of p16 and Ki-67 was observed in high grade urothelial cancer,
because of interference between high-risk human papillomavirus types and Rb gene product.
The use of double p16 / Ki-67 staining in urine cytology increased the detectability of
invasive cancer, while HGUC or AUC were primarily diagnosed [17].

2.4 Diagnostic value of urine cytology reported according to The Paris System

The AUC category raised many controversies for lacking well-defined criteria [1,2,3]. The
priority of implementing TPS was to improve diagnostic sensitivity and specificity, and
minimize the category of “cellular atypia '' in particular [1-3,18]. Current studies indicate TPS
usefulness as a diagnostic tool, especially in follow-up of urinary bladder patients [18-20].
Precise criteria of TPS revealed forced diagnostic value of urinary cytology. Reporting
according to TPS significantly reduced the number of cases described as atypical changes.
Frequency of detecting SHGUC and HGUC changes were slightly increased. Precise criteria
of TPS revealed force of both [21]. The literature suggests that TPS implementation
eliminates more of unnecessary indeterminate diagnoses, whereas positive predictive value of
diagnosing the malignant category is preserved [22]. In addition, current studies suggest
usefulness of immunohistochemistry and cytology combination to identify TPS categories
[17]. Further studies should determine legitimacy and the clinical relevance of this hypothesis.
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Conclusions:

The urine cytology is a simple, low-cost diagnostic tool, which enables microscopic
assessment of urine sediment to screen for urinary tract lesions in two cases: surveillance of
patients with a history of urothelial malignancies and patients with unexplained, new onset
haematuria. In the absence of a formal reporting system, most cytologic assessments were
diagnosed as general categories such as benign, indeterminate, and malignant. The Paris
System for reporting urinary cytology has clarified the diagnostic category of urinary
sediment examination. Universally acceptable and globally used report system was created;
thus, the major of the goals of TPS was achieved. In addition, immunocytology shed a light
on new prospects in urine cytology; thus, future generations may better define each category
to create the best possible system to accurately diagnose and guide management of urinary
tract neoplasms. It is worth underlining that cystoscopy combined with biopsy still constitute
the gold standard in follow-up in patients monitored due to risk of urinary tract malignancies.
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