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The progression and recurrence of urothelial carcinoma (UC) are correlated with 
carcinoma in situ and urothelial dysplasia. It is frequently challenging to distinguish 
dysplasia and carcinoma in situ from reactive atypia only based on histological 
characteristics. In daily practices, 2 of the adjunct immunohistochemistry markers 
(cytokeratin 20 (CK20) and p53) are used in addition to the histology to diagnose 
carcinoma in situ. This is accomplished by combining histological research results with 
immunohistochemistry. This systematic review summarizes the current findings on the 
diagnostic significance of p53 and CK20 as adjunct markers to urine cytology in the 
detection of UC. A systematic search of the relevant literature was conducted using 
PubMed, Wiley Online Library, and ScienceDirect databases. After screening for the 
eligibility criteria, a total of 14 selected articles were reviewed. Data extraction included 
a total number of samples, specimen samples, type of cells, and outcome parameters 
(mainly sensitivity and specificity). Urine cytology alone had a sensitivity of 75%-85% 
and specificity of 66%-95%. CK20 with urine cytology staining showed improved 
sensitivity and specificity in the range of 77%-94% and 71%-100%, respectively; p53 
immunostaining with urine cytology showed a sensitivity of 52%-86% and specificity 
of 80%-98%. The dual staining in combination with urine cytology showed 
comparatively higher sensitivity and specificity in the range of 70%-90% and 74%-
100%, respectively. This was more evident for high-grade UC (HGUC). Overall, single 
or dual staining combined with urine cytology was effective in this detection and can 
be applied as an adjunct marker in urine cytology. 
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Introduction
The neoplastic change of the urothelium (transitional 

cell) of the urinary bladder is the common reason for 
multiple bladder malignancies (1). The urothelium that 
lines the urinary bladder is a multi-layered epithelium 
with 3 cell zones: a basal cell layer, intermediate cell 
zone, and luminal or superficial cell layer (1). The 
neoplastic transformation in these cell lines is the 
common origin of transitional cell carcinoma or 
urothelial carcinoma (UC), a common type of bladder 
cancer (2). Globally, UC is the fifth most common type 
of cancer (3), characterized by a fast progressing rate and 
frequent recurrence rate. Different invasive techniques 
(such as cystoscopy, surgery, and biopsy) and 
noninvasive screening techniques have been widely 
used for the surveillance of urinary bladder cancer (4). 

Among the noninvasive techniques, urine cytology, 
a technique developed by George Papanicolaou, is most 
widely used for the diagnosis and surveillance of UC. 
This technique involves the microscopic evaluation of 
exfoliated cells in urine to detect malignancies 
associated with the urinary tract, particularly the 
detection of high-grade UC (HGUC) (5). The principle 

of this technique works on the fact that tumor cells of the 
bladder are shed in the urine, where consequent necrosis 
and lysis of tumor cells release degraded proteins (such 
as keratin), which can be quantitatively measured (6). 
Noninvasive, low-cost, and high specificity are the main 
advantages of this technique (1). Mounting research 
evidence indicates the use of urine cytology in the 
screening of bladder cancer, particularly the 
differentiation of HGUC from LGUC and the follow-up 
of UC (7,8).  

Over the years, researchers have suggested multiple 
issues associated with the Papanicolaou technique, 
including a low sensitivity to detect low-grade urothelial 
neoplasms (1), lack of precision, and poor inter-and 
intra-observer variability have been a constant challenge 
associated with this technique (9,10). Besides, poor 
cytopathological practices (including variability in the 
collected urine samples, low or inadequate cellularity, 
degradation of the cells before the fixation, and untimely 
and improper preservation of the cellular material) led to 
variability in the morphological evaluation of the cells, 
thereby resulting in a non-uniform data on sensitivity, 
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accuracy, and reproducibility of this technique. Thus, the 
clinical utility of this technique has remained a challenge 
(5). Few studies have associated urine cytology with a 
low sensitivity for bladder cancer detection, poor 
prediction of low-grade urothelial carcinoma, and poor 
distinction of atypical urothelial cells (AUCs) from UC. 
Besides, the poor abundance of neoplastic cells in most 
samples and the absence of a “tissue-like” structure 
remain major challenges in urine cytology (8). Urine 
cytology was found to be inefficient for the accurate 
detection of low-grade UC (LGUC) and AUCs (8). 

Further, the infiltrative and aggressive nature of 
recurrent and high-grade neoplasm is an indicator of 
neoplastic changes in the urothelium and quicker 
progression to UC (11), demanding an immediate need 
to identify the biological markers for early detection and 
prognosis of the disease. Currently, despite the high 
specificity of urine cytology, the clinical utility of urine 
cytology to diagnose UC is limited due to its low 
sensitivity. Researchers have been continuously 
working to improve the sensitivity of urine cytology (8). 
Noninvasive tests or ancillary techniques on voided 
urine samples (such as immunocytochemical markers, 
including methylation markers, protein markers, and 
others) have been developed (4,12). In this context, 
different immunohistochemistry markers (including p53 
(13) and cytokeratin 20(CK20) (14) have been reported 
to identify the neoplastic changes and progression of 
UC. The immunohistochemical profile of p53 and CK20 
in urothelial dysplasia indicates the presence of 
abnormal cells in the urothelium (11).  

CK20 is a 40- to 70-kD cytoskeletal protein (also 
known as an intermediate filament) and is expressed in 
epithelial cells (15). It shows tissue-specific expression 
and is mainly involved in defining the structure of the 
tissues. Rarely expressed in normal urothelium, their 
altered expression is noted in the tumor cells, including 
bladder cancer cells (16). At the protein level using 
immunohistochemistry (17) and at the mRNA level 
using reverse transcriptase–polymerase chain reaction 
(RT-PCR) (18), the expression of CK20 has been 
reported in bladder tissues and exfoliated cells (7). The 
immunohistochemical staining of CK20 has been used 
to identify the nature of UCs, such as papillary Ucs of 
limited malignant potential (PUNLMP), LGUC, and 
HGUC (2). Thus, according to current research, urine 
CK20 might be a potential non-invasive biomarker for 
bladder cancer, particularly bladder UC (19). Further, 
the diagnostic accuracy of urine CK20 was observed to 
be better with the progression of tumor stage and grade. 
In the context of bladder cancer, p53 immunostaining 
has been used as a surrogate marker (20). The mutational 
status of the p53 gene and 2-fold higher expression in 
HGUC have been associated with the progression and 
recurrence of UC (21). In conjunction with urine 
cytology, p53 immunocytochemistry (ICC) has shown 
improved sensitivity and specificity in detecting 
malignant urothelial cells (22). Despite numerous 
studies, no single marker has been identified with 
sufficient sensitivity and specificity to be used as an 

adjunct to the detection of UC. Accordingly, the main 
aim of this comprehensive systematic review was to 
summarize the evidence on the use of CK20 and p53 
alone or in combination as adjunct immunocytochemical 
markers in urine cytology to detect Ucs. 

Material and Methods 
Literature Search Strategy 
A systematic literature review was conducted to 

identify articles that assessed the diagnostic 
significance of CK20 and p53 as adjunct markers in 
urine cytology for the detection of Ucs. PubMed, Wiley 
Online Library and Science Direct databases were 
searched for relevant articles addressing the research 
question. The following search terms or MeSH words 
connected by 2 Boolean operators “OR” and “AND” 
were used: urothelial neoplasm OR urothelial 
carcinoma OR transitional cell carcinoma OR papillary 
urothelial neoplasm OR transitional cell neoplasm OR 
urinary bladder epithelial neoplasms OR bladder 
cancer OR low-grade urothelial carcinoma AND urine 
OR urine cytology OR urine liquid-based cytology OR 
urine sediments AND p53 OR TP53 OR cytokeratin 20 
OR CK20 OR CK-20 AND immunocytochemistry OR 
adjunct marker.  

Study Selection 
The PICO (population, intervention, comparison, 

and outcome) model was used to determine the 
inclusion and exclusion criteria for the systematic 
literature review. The inclusion criteria for the 
systematic literature review involved studies that 
investigated the diagnostic significance of p53 and 
CK20 immunostaining markers (intervention) in the 
urine samples (control) for the diagnosis of UCs or 
papillary UCs of low or high grade (outcome). 
According to Wong-You–Cheong JJ et al.(1), the term 
urothelial tumors exhibit a broad spectrum of 
neoplasias ranging from benign papilloma through 
carcinoma in situ to invasive carcinoma; thus, articles 
mentioning UC or transitional cell carcinoma were also 
included. Following the screening, studies measuring 
the diagnostic outcomes/characteristics in terms of 
sensitivity and/or specificity of urine cytology, CK20, 
and/or p53 ICC alone or in combination with the urine 
samples to detect UC were reviewed. Further, the 
search was limited to original articles published in 
English. Review articles, comments, case reports, and 
letters to editors were excluded. Abstracts and full 
texts, wherever possible, were screened for the data 
(Figure 1). The details of the included studies are 
summarized in Tables 1 and 2.  

 
Data Extraction  
From the selected studies, extracted data included 

type of study, sample size, sample specimen, type of 
cells, immunostaining markers other than p53 and 
CK20, and outcomes, including sensitivity, specificity, 
positive predictive value (PPV), and negative 
predictive value (NPV).  
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Fig. 1. PRISMA flow chart of the studies identified, assessed, and included.  
 

Table 1. Study characteristics and diagnostic accuracy of CK20 and p53 immunostaining in the urine samples for diagnosis of 
urothelial carcinoma 

Source/ 
References 

Specimen 
Total 

sample 
size 

Type of 
cells/cases 

Marker
s other 
than 

CK 20 

Outcomes 

CK20     Sensitivi
ty 

Specifici
ty PPV NPV 

Overall 
accurac

y 

Wadhwa et 
al. (2017) 

Fresh voided-
urine samples 150 

urothelial 
neoplasia: 42 
(High grade: 

14; low-grade 
and low 

malignant 
potential: 28); 
non-neoplastic 

lesions: 20 

 

Ucyt (all 
cases): 
83.3%, 
CK20: 
88.1%: 
Ucyt+C

K20: 
90.5%; 
Ucyt 

(HGUC): 
100%, 
CK20: 
100%: 

Ucyt+C
K20: 

100%; 
Ucyt 

(LGUC): 
75.0%, 
CK20: 
82.1%: 
Ucyt+C

K20: 
64.3%; 

Ucyt (all 
cases): 
65.0%, 
CK20: 
95.0%: 
Ucyt+C

K20: 
95.0%; 
Ucyt 

(HGUC): 
65.0%, 
CK20: 
95%: 

Ucyt+C
K20: 
90%; 
Ucyt 

(LGUC): 
65%, 

CK20: 
95.0%: 
Ucyt+C

K20: 
90.0%; 

Ucyt (all 
cases): 
83.3%, 
CK20: 
97.4%: 
Ucyt+C

K20: 
97.4%; 
Ucyt 

(HGUC): 
66.7%, 
CK20: 
93.3%: 
Ucyt+C

K20: 
87.5%; 
Ucyt 

(LGUC): 
75%, 

CK20: 
95.8%: 
Ucyt+C

K20: 
90.0%; 

Ucyt (all 
cases): 
65.0%, 
CK20: 
79.2%: 

Ucyt+CK20
: 82.6%; 

Ucyt 
(HGUC): 

100%, 
CK20: 
100%: 

Ucyt+CK20
: 100%; 

Ucyt 
(LGUC): 

65%, CK20: 
79.2%: 

Ucyt+CK20
: 64.3%; 

 

Srivastava et 
al. (2012) 

Archived 
Papanicolaou 
stained urine 

cytology 
smears 

59 

urinary 
bladder 

carcinoma: 42 
(HGUC:19; 
LGUC: 23); 

non-neoplasm 
(control): 17 

NMP22 

Ucyt: 
76.2%, 
CK20: 
70.4%: 
Ucyt+C

K20: 
66.7% 

Ucyt: 
76.5%, 
CK20: 
71.4%: 
Ucyt+C

K20: 
71.4% 

Ucyt: 
94.1%, 
CK20: 
90.5%: 
Ucyt+C

K20: 
90.0% 

Ucyt: 
76.5%, 
CK20: 
38.5%: 

Ucyt+CK20
: 35.7% 

 

Soyeur et al. 
(2009) Urine samples 90 Control (non-

neoplasm): 
 

Ucyt: 
75.9%, 
CK20: 

Ucyt: 
66.7%, 
CK20: 

Ucyt: 
77.3%, 
CK20: 

Ucyt: 
88.9%, 
CK20: 

Ucyt: 
72.2%, 
CK20: 
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Source/ 
References 

Specimen 
Total 

sample 
size 

Type of 
cells/cases 

Marker
s other 
than 

CK 20 

Outcomes 

36; LGUC: 
31; HGUC: 23 

70.4%: 
Ucyt+C

K20: 
77.8% 

83.3%: 
Ucyt+C

K20: 
66.7% 

86.3%: 
Ucyt+C

K20: 
77.7% 

65.2%: 
Ucyt+Ck20: 

66.7% 

75.5%: 
Ucyt+C

K20: 
73.3% 

Bhatia et al. 
(2007) 

Papanicolaou-
stained slide 14 

Benign 
cytology:14; 

atypical 
cytology:5 

 86% 100%    

Morsi et al. 
(2006) 

Mid-stream 
urine samples 50 

Transitional 
cell 

carcinoma: 
35; Squamous 

cell 
carcinoma: 15 

CK19 

Ucyt: 
50%: 

Ucyt + 
CK20: 
80.4% 

Ucyt: 
100%; 

Ucyt+C
K20: 
78% 

NA NA  

Melissourgos 
et al. (2005) 

Spontaneously 
voided urine 

samples 
232 

TCC: 144 (62 
at diagnosis 

and 82 in 
follow-up); 

88: non-TCC 

 
Ucyt: 

54.2%; 
CK20: 
65.3% 

Ucyt: 
86.4%; 
CK20: 
90.9% 

Ucyt: 
86.7%; 
CK20: 
92.2% 

Ucyt: 
53.5%; 
CK20: 
61.5% 

 

Lin et al. 
(2001) 

Archived urine 
slides 77 

atypical urine 
cytology and 

positive 
follow-up 

biopsy 

 94.40% 80.50%    

Golijanin et 
al. (2000) 

Voided urine 
samples fixed 

on 
cytocentrifuge 

slides 

174 

hematuria or 
irritative 
voiding 

symptoms: 80; 
follow-up 
cases after 

resection of 
bladder 

tumors: 94 

 81.60% 77.00%   80% 

p53    
Markers 

other 
than 
p53 

     

Brisuda et al. 
(2019) 

Cells block 
from voided 

urine samples 
152 

Urothelial 
carcinoma: 
77; multiple 

benign 
urological 

conditions: 75 

Ki-67, 
MCM2 

and 
MCM5 

For 
LGUC: 

p53: 
12%; 

Ucyt+p5
3: 52%; 

For 
HGUC: 

p53: 
75%; 

Ucyt+p5
3: 86.5% 

For 
LGUC: 

p53: 
93.3%; 

Ucyt+p5
3: 80%; 

For 
HGUC: 

p53: 
75%; 

Ucyt+p5
3: 86.5% 

NA 

LGUC: p53: 
76.1%; 

Ucyt+p53:8
3.3% 

 

Courtade‐
Saïdi et al. 

(2016) 

Urine samples 
on CytoSpin 

slides 
196 

low-grade UC 
(ALG), 

suspicious for 
high-grade 
UC (SHG) 
and high-
grade UC 

(HG) 

 

Ucyt (all 
cases): 
86.4%; 

Ucyt+p5
3: 

81.3%; 
Ucyt 

(ALG): 
54.2%; 

Ucyt+p5
3: 

68.8%; 
Ucyt 

(SHG): 
86.7%; 

Ucyt+p5
3: 

73.1%; 
Ucyt 
(HG): 

Ucyt (all 
cases): 
76.7%; 

Ucyt+p5
3: 

93.2%; 
Ucyt 

(ALG): 
88.0%; 

Ucyt+p5
3: 

96.4%; 
Ucyt 

(SHG): 
83.5%; 

Ucyt+p5
3: 96.4; 

Ucyt 
(HG): 
97.1%; 

Ucyt (all 
cases): 
82.6%; 

Ucyt+p5
3: 94%; 

Ucyt 
(ALG): 
59.1%; 

Ucyt+p5
3: 

84.6%; 
Ucyt 

(SHG): 
66.7%; 

Ucyt+p5
3: 

90.5%; 
Ucyt 
(HG): 
96.1%; 

Ucyt (all 
cases): 
81.5%; 

Ucyt+p53: 
79.1%; Ucyt 

(ALG): 
85.7%; 

Ucyt+p53: 
91.5%; Ucyt 

(SHG): 
94.3%; 

Ucyt+p53: 
88.5%; Ucyt 

(HG): 
94.3%; 

Ucyt+p53: 
91.5% 
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Source/ 
References 

Specimen 
Total 

sample 
size 

Type of 
cells/cases 

Marker
s other 
than 

CK 20 

Outcomes 

92.5%; 
Ucyt+p5
3: 89.8% 

Ucyt+p5
3: 98.2% 

Ucyt+p5
3: 97.8% 

Note: Ucyt: urine cytology; LGUC: low-grade urothelial carcinoma; HGUC: high-grade urothelial carcinoma  
 

Table 2. Study characteristics and diagnostic accuracy of CK20 and p53 dual immunostaining in the urine samples for diagnosis 
of urothelial carcinoma 

Source/ 
References 

Samples 
Total 

sample 
size 

Type of cells 

markers 
other 
than 

CK20 
and p53 

Outcomes 

     Sensitivity Specificit
y PPV NPV 

Yi-Choi et 
al. (2021) 

LBC using 
the ThinPrep 61 

Negative: 19, 
atypical: 20; 

suspicious for 
HGUC: 16; 
LGUN: 2; 
HGUC: 4 

NA 

UC (all 
cases): 
36.1%; 
LGUC: 
29.4%; 
HGUC: 
38.6%; 

UC+DIC 
(all cases): 

70.5%; 
LGUC: 
52.9%; 
HGUC: 
77.3% 

   

Lenos et al. 
(2017) 

ThinPrep 
smear urine 

cytology 
samples 

125 

Samples with 
hypocellularit
y (11); non-
malignant 

(20); 
malignant 
(58) and 

atypical (36); 
Histological 
type: HGUC: 
52; LGUC: 

27; Negative: 
35 

NA 

UCyt: 
73.4%; 
DIC: 

83.5%; 
UCyt with 

DIC: 
91.1%, 

UCyt: 
100%; 
DIC: 

74.3%; 
UCyt 

with DIC: 
74.3% 

UCyt: 
100%; 
DIC: 
88%; 
UCyt 

with DIC: 
88.9% 

UCyt: 
62.5%; 
DIC: 

66.7%; 
UCyt 

with DIC: 
78.8% 

Kim and 
Yoo (2017) 

Urine 
samples 
stored in 

PreservCyt®
solution 

63 

Malignant, 
highly 

suspicious, 
suspicious, 
and atypical 

NA Overall: 
89% 

Overall: 
100% 

Overall: 
100% 

Overall: 
78% 

Arville et al. 
(2013) 

Paraffin-
embedded 
urine cell 

blocks 

102 
Negative: 29; 
atypical:56; 

malignant: 17 
CD44 

Overall: 
88.1%; 
without 

low-grade 
carcinoma: 

94.6% 

Overall: 
78.3%; 
without 

low-grade 
carcinom
a: 78.3% 

Overall: 
74%; 

without 
low-grade 
carcinom
a: 72.9% 

Overall: 
90.4%; 
without 

low-grade 
carcinom
a: 96% 

Note: Ucyt: urine cytology; LGUC: low-grade  
Urothelial carcinoma; HGUC: high-grade urothelial carcinoma; DIC: dual immunocytochemistry 
 

Results 
Literature Overview  
The systematic search of the literature is presented 

in Figure 1. Briefly, the search yielded a total of 351 
articles from PubMed (n=51), Wiley Online Library 
(n=277), and Science Direct (n=23) databases. After 

the initial screening (which included the screening of 
titles and abstracts), 329 articles (including reviews, 
poster presentations, oral presentations, conference 
papers, and non-relevant articles) were removed. Then, 
the remaining 22 articles were screened for inclusion 
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and exclusion criteria, and 8 articles were removed due 
to lack of clarity in data, lack of sensitivity and 
specificity data, non-English articles, letters to the 
editor, and case reports. Finally, a total of 14 articles 
comprising 1,545 samples were included in the 
systematic review. Of the 14 articles, 8 articles were 
related to CK20 ICC, 2 articles to p53 ICC, and 4 
articles to dual staining (p53 and CK20) in urine 
samples.  

CK20 as an Adjunct to Urine Cytology  
CK20, as a potential adjunct marker to urine 

cytology for the diagnosis of UC, has been tested by 
few studies. In the present study, a total of 8 studies 
assessing CK20 ICC in the urine samples were 
reviewed. An extensive test was done to assess the 
clinical utility of CK20 immunostaining as an adjunct 
to urine cytology in voided urine samples from 150 
subjects with urothelial neoplasia of high-grade, low-
grade, and low malignant, and non-neoplastic cells. All 
types of UCs were detected with higher sensitivity 
(90%), specificity (95%), PPV (97%), NPV (82%), and 
positive likelihood ratio (18) when the combination of 
urine cytology and Ck20 was used. However, the 
accuracy parameters were compromised when the 
combination was used to differentiate HGUC and 
LGUC. The combination of uCyt and CK20 had higher 
sensitivity (100% vs. 64.3%), NPV (100% vs. 64.3%), 
and positive likelihood ratio (10 vs. 6.43) to detect 
HGUC than LGUC. The specificity (90%) of the 
combination was similar for low-grade and high-grade 
tumors. According to the author, the CK20 test reduced 
the rate of undetectable exfoliated cells in patients with 
LGUC from 57.1% to 10.7%. The combination of urine 
cytology and CK20 immunostaining showed higher 
specificity and a positive likelihood ratio.  

A similar comparative study was performed by 
Soyuer et al. (24). The study included urine samples 
from 54 bladder cancer patients with primary or 
recurrent LGUC and HGUC. The sensitivity of urine 
cytology and CK20 is limited when used alone, with 
sensitivities of 75.9% and 70.4%, respectively; 
however, when combined, the sensitivity of urine 
cytology and CK20 improves to 77.8%.On the other 
hand, and the combination did not have any significant 
influence on the specificity, which remained low at 
66.7%. In terms of the percentage of cells detected, the 
combination of urine cytology with CK20 detected 
70.9% of low-grade tumors and 86.9% of high-grade 
tumors. Another comparative study (25) showed 
superior sensitivity, specificity, and reliability 
parameters of CK20 ICC over urine cytology. CK20 
immunohistology was reported to have higher 
sensitivity (63.5% vs. 54.2%), specificity (90.9% vs. 
86.4%), PPV (92.2% vs. 86.7%), and NPV (61.5% vs. 
53.5%). The CK20 staining was also sensitive to detect 
different stages of bladder tumor. The CK20 
immunostaining assay was found to be more sensitive 
to detecting stage pT1 (81.8% vs. 59.1%), grade 2 
(76.2% vs. 61.9%), and grade 3 (82.1% vs. 67.9%) 
transitional cell carcinoma. The assay was also 

effective in detecting primary and recurrent tumors, 
despite its low sensitivity (~61%-68%).  

Srivastava et al. (26) performed CK20 
immunostaining on archived Papanicolaou-stained 
urine cytology smears of bladder carcinoma. The 
sensitivity of CK20 immunostaining was 70.4%, and 
the specificity was 71.4%. The PPV was 90.5%, and 
the NPV was 38.5%. The combination of cytology and 
CK20 was found to have an overall sensitivity of 
66.7% and specificity of 71.4%. The PPV was 90.0%, 
and the NPV was 35.7%. According to the author, 
when comparing urine cytology with CK20 
immunostaining, there was no improvement in the 
sensitivity (76.2% vs. 70.4%) and specificity (76.5% 
vs. 71.4%) of CK20. A retrospective study (27) 
supported the use of the urine cytology in conjunction 
with CK20 to detect both low- and high-risk UCs. The 
authors used archived urine slides to test the potential 
of CK20 as an adjunct marker to detect AUCsof 
bladder carcinoma. With a threshold value of 5%, 
27.3% of patients with atypical urine cytology and 94% 
of patients with atypical urine cytology and positive 
follow-up biopsy were positive for CK20. The authors 
reported high sensitivity (94.4%) and specificity 
(80%). 

Bhatia et al. (28) looked at the utility of CK20 
immunostaining in 14 unequivocal cases of UC. The 
test was highly sensitive (86%), with positive CK20 
immunostaining observed in 12 out of 14 cases of UC, 
as well as highly specific (100%), as revealed by 
negative CK20 stains in all the cases with benign urine 
cytology. The authors found all the cells of atypical 
urine cytology positive for CK20. Golijaninet al. (29) 
found that CK20 ICC was effective in detecting tumors 
in 50% (n=87) of patients, with a sensitivity of 81.6%, 
specificity of 77%, and accuracy of 80%. Further, 
sensitivity varied with tumor grade, with a higher 
sensitivity of 93% and 92% for grades 2 and 3 bladder 
cancer, respectively, and a lower sensitivity of 56.5% 
for grade 1 bladder cancer. Further, the false negatives 
in low-grade and high-grade tumors were low in the 
range from 4% to 13.7%. This study advocated the use 
of CK20 to detect low-grade/stage bladder cancer. 
Further, in another study (30), based on receiver 
operating characteristic (ROC) curve analysis, an area 
under the curve (AUC) of 86.9% for CK20 was 
determined. In 50 urine samples from transitional cell 
carcinoma and squamous cell carcinoma patients, 
CK20 immunostaining improved the sensitivity from 
50% to 80% at the cost of specificity that reduced from 
100% to 78%.  

P53 as an Adjunct to Urine Cytology 
In the present study, 2 studies relevant to 

immunocytochemical staining of p53 in urine samples 
to detect urothelial malignancies were reviewed. 
Among these, Brisuda et al. (31) used cell blocks, 
while Courtade-Saïdi et al. (32) used CytoSpin slides 
for p53immunocytochemical staining. In the study by 
Brisuda et al. (31), p53 (along with other markers, 
including MCM2, MCM5, and Ki-67) in combination 
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with urine cytology was used to detect LGUC and 
HGUC. In this retrospective study, p53 
immunostaining in combination with urine cytology 
reported improved sensitivity from 12% to 52% and 
NPV from 76.1% to 83.3% to detect LGUC while, 
regarding HGUC, improved sensitivity from 75% to 
86.5% at the cost of low but acceptable specificity 
(93.3% vs. 80%). High sensitivity with low but 
acceptable specificity was observed to detect both 
HGUC and LGUC. The AUC value of 0.853 for p53 
indicated the sensitivity and specificity of p53 to detect 
HGUC. According to the authors, the combination of 
ICC (p53) with urine cytology improved sensitivity at 
the cost of low specificity.  

Contrary to Brisuda et al. (31), Courtade-Saïdi et 
al. (32) concluded that p53 increased the specificity 
without reducing or penalizing the sensitivity. This 
particular study used dual markers (specifically p53 
and Ki-67) in urinary cytology as possible adjunct 
markers in the detection of UC. With an optimal cutoff 
of 5%, p53 immunostaining was a significant method 
for identifying urinary cancer with cytological atypia 
that cannot exclude Low-grade urothelial carcinoma, 
suspicious for high-grade urothelial carcinoma, and 
High-grade urothelial carcinoma. Negative 
immunoreactivity for p53 in the case of normal 
cytology with a median percentage value (first to third 
quartile) of p53 was 0 (0-5), while positive 
immunoreactivity for p53 with Urothelial carcinomas 
was 30 (10-80). Urine cytology alone had a sensitivity 
and specificity of 86.4% and 76.7%, respectively. The 
combination of p53 with urine cytology did not bring a 
significant change to sensitivity (81.3%); however, 
specificity was significantly improved to 93.2%, and 
PPV was significantly improved from 82.6% to 94.0% 
to detect all cytology of UC.  

P53 and CK20 Dual Staining in Conjunction 
with Urine Cytology 

Researchers have also attempted to improve the 
diagnostic accuracy of urine cytology by evaluation the 
dual immunocytochemical expression of marker 
proteins, namely, p53 and CK20. In the present review, 
studies involving dual (p53 and CK20) 
immunostaining to detect UC in urine samples were 
limited to 4.  

Arville et al. (33) used CK20 and p53 along with 
CD44 to distinguish HGUC from its mimics, including 
degenerative/reactive atypia. A total of 102 urine 
samples embedded in cell block paraffin (including 29 
negative, 56 atypical, and 17 malignant/positive 
cytology samples) were used and divided into negative 
and positive follow-up groups. The detection rate for 
atypical cytology was low, ranging from 17.9% to 
30.4%, while the detection rate for malignant tumors 
was high, ranging from 82% to 88%, for CK20, p53, 
and combination. The accuracy parameters were 
provided for the triple stain cocktail with an overall 
sensitivity of 88.1%, specificity of 78.3%, NPV of 
>90%, and PPV of 74%. The exclusion of low-grade 
urothelial carcinomas samples improved the sensitivity 

to 94.6%and NPV to 95.9%. Since the author did not 
ascertain the additional value of CD44, it was 
concluded that dual staining of p53 and CK20 was 
effective in distinguishing between benign and 
malignant cells. 

The present review also included 2 retrospective 
studies (34,35). Kim and Yoo (34) included 63 urine 
samples stored in PreservCyt®solution with cytology 
of malignant, highly suspicious, suspicious, and 
atypical nature. Out of the samples tested, 34 showed 
positive results for CK20 and p53 immunostaining in 
highly suspicious, suspicious, and atypical cells, while 
samples negative for both CK20 and p53 were non-
neoplasm cases. However, samples with low numbers 
of AUCs were not appropriate for immunostaining. 
The outcome parameter included a sensitivity of 89%, 
specificity of 100%, PPV of 100%, and NPV of 78%. 
The comparison of PPV between urine cytology alone 
and urine cytology combined with dual staining was 
73% and 100%, respectively. Thus, this study 
advocated the use of dual staining for identification of 
the neoplastic cells. 

Lenos et al. (35) compared urine cytology with a 
combination of urine cytology and dual ICC. The 
researcher classified liquid-based cytological samples 
(ThinPrep) of malignant (n=58), atypical (n=36), and 
negative (n=20) cytology into 2 broad categories based 
on the positive and negative immunostaining. Of the 58 
malignant samples with LGUC(n=12) and HGUC 
(n=46), 89.6% were positive for at least 1 marker, 74% 
positive for CK20, 67.3% for p53, and 44.8% for both 
markers. In the case of atypical UC samples, 50% were 
positive for immunostaining. Among these, in atypical 
HGUC samples (n=6), 66% were positive for dual 
markers and 33% for CK20; however, in the case of 
atypical LGUC (11), 33% were positive for CK20 and 
p53 individually. Despite the low number of LGUC, 
the data indicated the detection of LGUC with either 
CK20 or p53. Besides, 31% of atypical with benign 
histology were also immunostained with either CK20 
or p53. A comparison of the accuracy of cytologic 
diagnosis showed improved sensitivity from 73.4% to 
91.1% and NPV from 62.5% to 78.8% with 
compromised specificity (100% to 74.3%) and PPV 
(100% to 88%) when Dual Immunocytochemistry was 
combined with the Urine cytology.  

Choi et al. (36)used Liquid-based cytology samples 
for immunocytochemical staining of p53 or/and CK20 
on urine cytology samples diagnosed as negative 
(n=19), atypical (n=20), suspicious for HGUC (n=16), 
LGUN (n=2), and HGUC (n=4). Out of these, 8 out of 
19 were negative, 13 out of 20 were atypical, 14 out of 
16 suspicious for high-grade urothelial carcinoma and 
4 out of 4 samples diagnosed as High grade urothelial 
carcinoma were positive for both CK20 and p53. 
Overall, the low sensitivity (36.1%) of urine cytology 
improved to 68.9% in combination with p53 and 70.5% 
in combination with p53 and CK20. Likewise, the 
sensitivity of urine cytology for low-grade and high-
grade cancer improved from 29.4% to 52.9% and 
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38.6% to 77.3%, respectively, when combined with 
dual staining. 

 

Discussion 
Growing evidence suggests a wide range of 

sensitivity and specificity of urine cytology in 
detecting various cytological features of bladder cancer 
or UC. According to Das et al. (37), urine cytology has 
a sensitivity of 89.8%, specificity of 69.23%, and 
diagnostic accuracy of 82.67% in detecting suspicious 
HGUC cells in midstream voided urine samples from 
patients with hematuria and UV neoplasms. Likewise, 
Abdullah (38) reported a sensitivity of 94.1% and a 
specificity of 26.3% in detecting malignant bladder 
cancer. On the contrary, Golijanin et al. (29) found 
voided urine cytology with high specificity, thus 
concluding the utility of urine cytology in determining 
the absence of a bladder tumor. Similarly, Morsi et al. 
(30) reported urine cytology with a sensitivity of 50% 
but 100% specificity, while Choi et al. (36) reported 
29.4%-38.6% sensitivity of urine cytology to detect 
LGUC and HGUC. Further, some studies have 
reported that urine cytology has a sensitivity ranging 
from 75%-85% and a specificity ranging from 66%-
95% for detecting bladder cancer (24,31,32) 

ICC markers such as CK14 and CK20, ProEx C 
(39), and markers for cell proliferation such as Ki-67, 
p16INK4a, and p53 have been used as an objective 
immunostaining marker for distinguishing carcinoma 
in situ from non-neoplastic urothelium. Immuno-
staining has its advantages: lower cost and high 
specificity as opposed to non-reproducibility, low 
sensitivity, and technical issues, which could result in 
false positives (30). To improve the accuracy of urine 
cytology, different adjunct tools (including ICC) using 
biomarkers (such as p53 and CK20) have been tested. 
According to Cheng et al. (6), IHC markers in urine 
cytology have a sensitivity of 60% specificity of 83% 
PPV of 77%, and NPV of 88%. Among included 
articles, a combination of CK20 and urine cytology 
showed a sensitivity of 77%-94% and specificity of 
71%-100%, and a combination of p53 and urine 
cytology showed a sensitivity of 52-86% and 
specificity of 80-98%. The sensitivity and specificity 
of p53 and urine cytology combination were higher for 
HGUC in the range of 86%-92% and 86%-98% than 
for LGUC in the range of 52%-86% and 80%-88%, 
respectively. Likewise, for dual staining, the overall 
sensitivity of 70%-90%, specificity of 74%-100%, 
PPV of 88%-100%, and NPV of 78%-90% were 
estimated. In comparison, the sensitivity of dual 
staining was lower for LGUC than for HGUC (50% 
vs.73%).  

In a study of 89 patients with superficial UC, those 
who experienced recurrence during a 36-month follow-
up period showed significantly higher overexpression 
of CK20 (63.4%) compared to those without 
recurrence (42.8%) in the context of CK20 ICC (40). 
According to the author, CK20 expression indicated 
differentiation of urothelial cells but did not support the 

use of CK20 as a predictor marker. The usefulness of 
CK20 as an adjunct marker for urine cytology has been 
proposed (27). In particular, the author showed that 
CK20 immunostaining could be conveniently 
performed on the same slide after routine 
morphological evaluation and is beneficial to triage 
atypical urine cytology into low- and high-risk 
categories for clinical follow-up (24) and also showed 
the superiority of ImmunoCyt/uCyt+, which is an im-
munofluorescence-based assay, over the conventional 
urine cytology when combined with CK20. A higher 
sensitivity of 88.9% was observed for 
ImmunoCyt/uCyt+ with CK20 ICC compared to 
77.8% for the conventional urine cytology-CK20 
combination. The author also reported an improved 
sensitivity of 92.5% when combining these 3 
noninvasive techniques (ImmunoCyt/uCyt+, 
conventional cytology, and CK20 ICC). According to 
this study, the low sensitivity in detecting low-grade 
tumors can be overcome by combining different 
noninvasive techniques.  

P53 has been quantified in the urine sediments of 
bladder cancer or bladder transitional cell carcinoma 
patients (41,42). Piaton et al. (43) identified the 
prognostic value of p53 in urine samples to detect UC. 
According to the authors, the uncertainty in the p53 
staining in LGUC histological samples was due to the 
reasons such as modification of p53 in the tumor stage; 
thus, masking the antibody recognition, poor treatment, 
labeling protocols, and choice of antibody could be 
overcome by urine cytology. This study supported p53 
immunostaining in urine-based samples to detect 
HGUC and LGUC (G1-2). This study lacked 
evaluation of accuracy parameters of urine cytology 
and therefore was not included in the present 
systematic review. However, this study paved a path to 
the use of p53 in ThinPrep LBC to overcome the 
limitations of p53 histological staining in UC tumors. 
In the present review, 2 studies performed p53 
immunostaining to present the utility of p53 ICC as an 
adjunct to urine cytology. P53 immunostaining was 
found to be more sensitive and specific to detect UC 
cells (32,35,36). Brisuda et al. (31) and Courtade-Saïdi 
et al. (32) included LGUC or atypical cells to support 
the staining of p53 to detect LGUC. Brisuda et al. (31) 
showed the effectiveness of cell blocks used for ICC in 
combination with urine cytology to detect both HGUC 
and LGUC. The authors argued that a high NPV of 
immunocytology can benefit the follow‐up of LGUC. 
According to Brisuda et al. (31), p53 improved the 
sensitivity of urine cytology to detect HGUC, thereby 
supporting the use of p53 in the follow-up of high-
grade tumors. It can be suggested that the higher or 
more efficient detection of p53 in HGUC may be 
attributable to a 2-fold higher mutation rate of the p53 
gene compared to LGUC (21). Further, Brisuda et al. 
(31) reported that the use of additional markers (such 
as Minichromosome maintenance 5) p53 resulted in 
higher sensitivity and specificity in the detection of 
both LGUC and HGUC.  
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CK20ICC has also been evaluated as an adjunctive 
marker for atypical cytology. In the context of CK20, 
the sensitivity was noted to be 65%, specificity was 
90%, PPV was 86%, and NPV was 65% 6. The pitfall 
of CK20 ICC is the positivity of CK20 in benign 
umbrella cells. Thus, the nature of cells in the urine 
collection can affect the accuracy parameters (44). In 
urine cytology, Morsi et al. (30) showed positive 
cytoplasmic CK20 staining in the urine samples of 
TCC and an estimated 21.5 AU of CK20 in the urine 
samples from bladder cancer patients. In the present 
review study, a larger number of studies showed higher 
sensitivity and specificity of CK20 immunostaining 
over urine cytology to detect multiple bladder 
malignancies with a sensitivity ranging from 81.6%-
83.3% and a specificity ranging from 70.4%-77%. 
Interestingly, Melissourgos et al. (25) reported higher 
specificity and positive predictive accuracy for the 
detection of bladder cancer. Collectively, 3 studies 
demonstrated sensitivities in the range of 65%-86% 
and specificities in the range of 86%-100% (24,25,28). 
Further, these studies also advocated the advantages of 
CK20 ICC over urine cytology in the detection of 
different stages of UC, including primary, recurrent, 
stage pT1, and grade 2/3 tumors. In the present review 
study, few studies were related to CK20 ICC in LGUC 
(23,24,26). However, their results showed contrasting 
specificity for the combination of uCyt and CK20. 
Wadhwa et al. (23) reported a specificity of 90% in the 
detection of all types of cancer, while Soyuer et al. (24) 
reported a low specificity of 66.7%, and Srivastava et 
al. (26) showed a specificity of 71.4%. Soyeur et al. 
(24) reported that the ImmunoCyt/uCyt+ (uCyt+™) 
test (Diagnocure), an immunocytological fluorescence 
assay along with CK20, produced better results in 
terms of sensitivity (82%) and specificity (80%) than 
conventional urine cytology. Based on the data, it can 
be inferred that Wadhwa et al. (23) validated the 
clinical utility of CK20 as a potential low-cost adjunct 
to urine cytology, particularly to diagnose LGUC. 
Thus, this marker can help to identify LGUC in 
patients. Lin et al. (27) also made a similar claim 
regarding the use of CK20 in detecting cancer in 
patients with atypical urine cytology. They also 
suggested that CK20 can be useful in distinguishing 
Carcinoma in situ from reactive atypia or dysplasia in 
biopsy samples. However, contrary to many findings, 
low sensitivity and low NPV results did not completely 
confirm the use of CK20 as an adjunct to urine 
cytology in the detection of UC (26). The author argued 
that the present result could be due to the use of the 
archived glass slides on which there was no adhesive. 
In addition, technical reasons (such as washing slides 
with xylene) could result in the loss of cells, which can 
hamper the results. Further, poor preservation of 
malignant cells and the presence of antigens can also 
interfere with the staining (26). The use of CK20 to 
distinguish atypical malignant cells from benign 
morphology was supported by Bhatia et al. (28). Thus, 
according to the author, CK20 could be the best bet to 
distinguish malignant from benign morphology.  

Overall, the reviewed articles showed mixed data 
on the accuracy parameters associated with dual 
staining. On the one hand, Lenos et al. (35) showed 
improved sensitivity (>90%) and NPV (>75%) 
comparable to Kim and Yoo (34) and Arville et al. (33) 
but with compromised specificity and PPV of dual 
immunostaining as an adjunct to urine cytology. Unlike 
Lenos, who reported a low specificity of 74% and PPV 
of 88%, Kim and Yoo showed improved specificity 
and PPV of uCyt with dual immunostaining. The 
sensitivity reported by Choi et al. (36) was 
comparatively lower than the sensitivity reported by 
other researchers. However, Choi et al. indicated 
improved sensitivity for LGUC, while Arville et al. 
(33) found improved sensitivity upon the removal of 
LGUC. The differences in the outcomes could likely be 
due to the differences in the diagnostic threshold and 
the type of sampling between the 2 studies. Further, in 
urine cytology, the positivity of p53 also depends on 
the cutoff values. For example, p53 positivity cutoff 
values of >5 and >10 positive cells for cell count and 
>5% for the positivity rate to detect UC were used by 
Choi et al. (36). 

Regarding the parameters, the specificity of the 
stain can be affected by multiple reasons, including 
gross hematuria or inflammation; thus, to improve the 
specificity, a more specific tissue specimen will be 
required (30). In the present review, the comparison of 
data shows improved sensitivity upon the combination 
of dual immunostaining to urine cytology. The 
preservation of morphological structure during the 
process is crucial for the diagnosis (35). However, 
discordance in the number of cells (such as paucity of 
cells) can hamper the immunostaining (35). According 
to Soyuer et al. (24), urine cytology should be 
performed by a cytopathologist with expertise in 
pathology and urine cytology. This can help improve 
the sensitivity of the tests. From the conducted 
systematic review, it can be anticipated that antibodies 
of p53 and CK20 alone or in combination improved the 
detection, sensitivity, and specificity of urine cytology. 
However, a wide range of sensitivity also indicates 
higher levels of false negatives in the samples. Further, 
the technicalities of the test (such as pretreatment 
protocols, preparation of slides from urine samples, 
and ICC protocols) can also lead to different results. In 
this context, in immunocytochemical protocols, 
methanol is the best-suited fixation medium. However, 
different solutions (including 50% ethanol and acetone 
(32)) have been used as fixating agents. Further, 
differences can also be attributed to cytological 
preparations (such as liquid-based preparations and cell 
block preparations). The LBC technique involves a 
collection of cells on glass slides, and this method is 
reliable in the case of a smaller number of the cells. In 
addition, monolayer suspension of the cells, better 
fixation of the cells, and preserved nuclear details of 
cellular materials make them a better option for 
immunocytochemical analysis to detect malignant cells 
(46). Diagnostic accuracy of LBC in cytological 
samples other than urine, such as CSF (47), has also 
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been shown. However, in the majority of the included 
studies, the cell block was the preferred technique due 
to its use for histology purposes; also, due to the 
paucity of the cells, cell-block preparation from urinary 
samples has remained challenging. Further, some 
discrimination in parameters can also arrive from the 
type of sampling. According to Wegelin et al. (45), 
differences in morphological characteristics in voided-
urine and instrumented urine specimens could lead to 
inaccurate interpretations for the urothelial cell 
population (5).  

The present review study has some limitations. Not 
all the reported studies included the comparison of 
urine cytology with the combination of urine cytology 
and immunostaining. Comparison between 
immunohistochemical studies on tissue specimens and 
urine cytology in combination with ICC were not 
included in the study. Further, none of the reviewed 
studies conclude or suggest that these biomarkers 
should be used as a stand-alone method for the 
surveillance of UC. The accuracy parameters validate 
the use of CK20 and p53 as adjuncts to detect HGUC. 
Regarding the detection of LGUC, further 
experimentation is required. The present study showed 
promising results upon dual staining. The field of 
urinary biomarkers for the diagnosis of UC is rapidly 
evolving, and researchers are exploring the use of a 
wide range of biomarkers beyond p53 and CK20; 
therefore, prospective cohort studies with larger 
populations are required for the development and 
validation of the p53 and CK20 dual staining as an 

adjunct to the urine cytology in the detection of UC, 
particularly LGUC. 

 

Conclusion 
Overall, studies investigating the use of single or 

dual staining in combination with the urine cytology 
have found this approach to be effective in the 
detection of UCs. The contribution of other markers 
(such as Minichromosome maintenance -5 and Nuclear 
matrix protein 22-2) has also been shown to improve 
the sensitivity and specificity of the urine cytology. 
Thus, more studies must be carried out to increase the 
significance of p53 and CK20 stains to detect 
malignant urothelial cells. Dual staining has 
significance as an adjunct marker in the urine cytology. 
P53 and CK20 have been shown to improve the 
sensitivity of the urine cytology as a stand-alone 
adjunct marker for diagnosis of UC; however, dual 
immunostaining, which combines use of two or more 
immunostains, such as p53 and CK20, has been found 
to provide even more diagnostic information and 
improve the accuracy of the urine cytology for 
detection of UC. 
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