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Abstract 
Background: Urothelial carcinoma is the 7th most common cancer worldwide. More than 50% of patients with non-invasive 

tumors have recurrences and 10-15% of these will progress to invasive cancer. Hence there is a need to assess the biological 

behavior of tumors with newer modalities. 

CK 20 is generally expressed only in the umbrella cells of the non-neoplastic urothelium, whereas their abnormal expression 

predicts malignant potential in low grade TCC. Micro vessel Density (MVD) as elsewhere is a predictive prognostic marker in 

TCC also. Hence CK 20 and MVD together can aid the clinician in defining specific targeted therapies. 

Objectives: To assess the clinical utility of CK 20 and MVD in urothelial neoplasms as diagnostic and prognostic factors. 

Methods: Study was conducted on 30 TURBT specimens diagnosed as malignant urothelial neoplasms according to WHO/ISUP 

2004 classification. Immunochemical staining for CK 20 and CD 34 were done and interpreted. 

RESULTS: Out of 30 Urothelial neoplasms 2 were Papillary Urothelial Neoplasms of Low Malignant Potential (PUNLMP), 10 

were Low Grade Papillary Urothelial Neoplasm(LGPUN), 13 were High Grade Papillary Urothelial Neoplasm (HGPUN), and 5 

were Invasive urothelial Neoplasm(IUN). 

Abnormal expression of CK 20 was seen in 100% (2/2) of PUNLMP, 80% (8/10) of LGPUN, 46% (6/13) of HGPUN and 40% 

(2/5) IUN (P = 0.048). 

Average MVD was 6.75 in PUNLMP, 19.36 in LGPUN, 28.18 in HGPUN and 44 in IUN (P=0.019). 

Conclusion: CK 20 and MVD are useful in predicting benign versus malignant behavior and defining treatment strategies. 
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Introduction 
Bladder cancer is a significant public health 

problem worldwide. It is the fourth most common 

cancer in men and the eight in women in the world,(1,2) 

accounting for 7% of all cancers. The typical cost per 

bladder cancer patient from diagnosis to death was 

estimated to be the highest among all cancers. Such 

high costs are due, in part, to the high possibility for 

recurrence and progression that is characteristic of 

urinary bladder cancer.(3-15) At the time of initial 

presentation, approximately 70% of transitional cell 

carcinomas (TCC) are diagnosed as superficial. Of 

these, approximately half will not have breached the 

epithelial basement membrane and hence are defined as 

non-invasive carcinomas (TNM category Ta). In 

practice, all tumors, whether invasive or not, are labeled 

carcinomas. The reason for this is that approximately 

50% of the non-invasive tumors will recur within 3 

years and 3% will evolve to muscle invasive disease.(16) 

Grading of urothelial tumors is an important 

prognostic factor. The first grading system for bladder 

tumors was proposed by Borders in 1922. In 1998 

World Health Organisation, International Society of 

Urological Pathology and Canadian Academy of 

pathology gave the classification of urothelial tumors 

called WHO/ISUP Consenses Classification and 

classified urothelial papillary tumors in to Papilloma, 

papillary urothelial neoplasm of low malignant 

potential, Low grade carcinoma and high grade 

carcinoma.(17) Immunohistochemistry plays a important 

role in the diagnosis and the differential diagnosis of 

urothelial carcinoma in special situation like its grading 

and staging for defining treatment modules.(18) 

In the normal stratified transitional epithelium 

(urothelium) of the bladder, there are well defined 

morphological, topographical and antigenic changes 

associated with the maturation of urothelial cells during 

migration from the basal to the terminally differentiated 

superficial cell layer. Superficial cells are characterized 

by a highly specialized asymmetric unit membrane on 

the luminal surface. Loss of this membrane is one of the 

earliest morphological indicators of urothelial 

neoplastic transformation and implies dysregulation of 

the normal differentiation pathway.(16,19-21) 

Prognostic factors in patients with superficial 

papillary urothelial cancer of the bladder have been the 

topic of research in the recent years. Clinical and 

morphological parameters have shown inefficient and 

have possibly increased the sensitivity and specificity 

leading to different clinical management. 

Immunohistochemical markers have been used along 

with histologic grade, progression, clinical staging and 

recurrence of tumors to give a precise diagnosis in such 

cases.(22) 

Cytokeratins are proteins of keratin-intermediate 

filaments found in the intracytoplasmic cytoskeleton of 

epithelial tissue. The term "Cytokeratin" was used in 

the late 1970s. There are two types of Cytokeratins: the 
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acidic type I Cytokeratins and the basic or neutral type 

II Cytokeratins. Expression of these Cytokeratins is 

usually organ or tissue specific. As an example, CK7 is 

typically expressed in the ductal epithelium of the 

genitourinary (GU) tract and CK20 most commonly in 

the gastrointestinal (GI) tract.(23-25) 

Keartin 20 is the most recently identified type I 

keratin protein, which shows a limited pattern of 

expression in normal tissues. The expression of CK 20 

in urothelium was restricted to superficial umbrella 

cells even in the cases of severe inflammation. Only 

malignancy induced alteration in CK 20 expression 

pattern. The pattern of CK 20 immunohistochemical 

staining has additional value along with morphological 

features in the diagnosis of urothelial dysplasia, since 

only malignant cells will show CK 20 

immunostaining.(26) It has also been considered that CK 

20 expression can predict malignant potential in low 

grade transitional cell tumors and therefore CK 20 can 

be useful in defining treatment strategies in cases with 

these tumors.(27) 

Angiogenesis is the development of new vessels 

from pre-existing vessel and is involved in the growth, 

maintenance and metastases of most solid tumors. It is 

required to meet the metabolic requirements for tumor 

progression and in the development of metastases in a 

variety of malignancies.(28) As early in 1972, Brem et 

al. proposed a microscopic angiogenesis grading system 

to assess the angiogenic status of the tumor vasculature. 

Based on the analysis of the vascular density, the 

number of endothelial cell (EC) nuclei and endothelial 

cytology, an angiogenic score was determined and used 

to establish an angiogenic rank order of different human 

brain tumors. 

In 1991, Weidner et al. developed a new method to 

assess microvascular density (MVD) within tumors. 

The first step in Weidner’s approach is the 

identification by light microscopy of the area of highest 

new vessel density, the so called hot spot, by scanning 

the whole tumoral section at low power, then, 

individual microvessels are counted at a higher power. 

By using this approach, Weidner et al. (1991) showed 

that intratumoral MVD in breast tumors with poor 

prognosis and metastasis is twice as high in patients 

with breast tumors with good prognosis and without 

metastasis, and confirmed this correlation also in 

prostate carcinoma (Weidner et al., 1993).(29) 

Our study aimed to assess the clinical utility of CK 

20 and MVD in urothelial neoplasms as diagnostic and 

prognostic factors. 

 

Materials and Methods 
This retrospective study was conducted in the 

department of pathology, Kempegowda institute of 

Medical sciences, Bangalore over a period of 5 

years(2010 to 2015).30 cases of malignant urothelial 

neoplasms were considered for the study and were 

classified according to the WHO/ISUP 2004 

classification. All were formalin fixed, paraffin –

embedded tissue blocks were retrieved and sections of 4 

micron thick were taken for Hemotoxylin and eosin 

stain, CK 20 and CD 34 immunostaining. All tumors 

were stained for CK 20 using Streptavidin-biotin 

method and the DAKO monoclonal antibody was 

applied to the tissue sections. The immunostained slides 

were assessed by the same pathologist, and the cases 

were classified according to the pattern of CK 20 

expression. If the expression was restricted to 

superficial (umbrella) cells, it was considered as normal 

expression. Other patterns of CK 20 i.e., diffuse full-

thickness positivity or negativity for CK 20 expression, 

were considered abnormal. 

All cases were stained with DAKO antihuman 

monoclonal antibody CD 34 to recognize the 

endothelial cells of the blood vessels. Tumor 

angiogenesis were estimated by calculating standard 

microvessel density. MVD were assessed by CD 34 

stained slides, each slide was first scanned on low 

magnification (X10) to identify the four areas with 

highest density of microvessels(hot spots); each spots 

then was evaluated at high power magnification (X40) 

and the number of stained vessels per high power field 

were determined. The final MVD score was obtained 

from these four fields average.(28) 

Results were analyzed using SPSS software and P 

value calculated. 

 

 
Fig. 1: Normal urothelium showing CK 20 positive 

umbrella cells 

 

 
Fig. 2: CK 20 positive case with diffuse staining of 

the urothelium 
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Fig. 3: Positive control for CK 20, normal colonic 

mucosa 

 

 
Fig. 4: CK 20 Negative urothelium 

 

Results 
Out of 30 Urothelial neoplasms 2 were Papillary 

Urothelial Neoplasms of Low Malignant Potential 

(PUNLMP), 10 were Low Grade Papillary Urothelial 

Neoplasm(LGPUN), 13 were High Grade Papillary 

Urothelial Neoplasm (HGPUN), and 5 were Invasive 

urothelial Neoplasm(IUN). Most of the cases presented 

with Hematuria(86%) and carried the risk factor of 

smoking (67%). Male to Female ratio was 3.28: 1. 83% 

of the cases were newly diagnosed, and 63% were 

single site cases. 

 

 

 

 

 

 

Table 1: Results for CK 20 and MVD according to WHO/ISUP classification 

Tumor Grade No of 

Cases 

CK 20 

Positive 

CK 20 

Negative 

Positive 

% 

MVD 

Average 

PER HPF 

PUNLMP 2 2 0 100 6.75 

LGPUN 10 8 2 80 19.06 

HGPUN 13 5 8 46 28.15 

Invasive 5 2 3 40 42.4 

Total 30 17 13   

 

In our study out of 30 cases 17(56.66%) were positive for CK 20 and 13(43.33%) were negative for CK 

20.Average MVD per HPF in PUNLMP was 6.75, in LGPUN was 19.06, in HGPUN was 28.15 and in Invasive 

tumors was 42.4. 

 

Table 2: CK 20 staining results 

Tumor 

Grade 

CK 20 Negative 

cases 

CK 20 Positive cases 

Weak(<2/3rd of 

epithelium) 

Moderate(>2/3rd of 

the epithelium) 

Strong(Diffuse 

positivity) 

PUNLMP 0 1 0 1 

LGPUN 2 2 3 3 

HGPUN 8 1 3 1 

Invasive 3 0 2 0 

Total 13 4 8 5 
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CK 20 staining showed varying intensity in 

different grades of tumors.4 of the tumors were weakly 

staining, 8 showed moderate staining intensity and 5 of 

the tumors showed strong positivity for CK 20. 

 

Table 3: Correlation of MVD with CK 20 staining 

intensity of urothelial tumors 

Staining 

intensity of CK 

CK 20 positive 

tumors 

Average MVD 

per HPF 

Weak 4 11.25 

Moderate 8 25.10 

Strong 5 25.67 

  

Tumors with weak CK 20 positivity showed 11.25 

as average MVD where as in Moderate and strong CK 

20 positive cases showed similar Average MVD of 

25.10 and 25.67 respectively. 

Unpaired T test was showed P was 0.019 for MVD 

and 0.048 for CK 20 and thus found to be significant in 

both the cases. On follow up for one year the following 

was the data obtained. 3 out of 10 LGPUN cases with 

high MVD and CK 20 positivity came back with 

recurrence and 2 HGPUN cases with high MVD and 

one positive and one negative for CK 20 came back 

with recurrence. So the recurrence rate was 30% in 

LGPUN and 15.38% in HGPUN. 

 

Table 4: Follow up with recurrence rate in 

Urothelial tumors 

Initial 

Grade 

CK 20 MVD Recurrence 

LGPUN + 42.25 HGPUN 

LGPUN + 15.25 LGPUN 

LGPUN + 24.75 LGPUN 

HGPUN + 37.25 TCC 

HGPUN - 27.25 TCC 

 

On follow up for one year only data was available 

for 12 cases. Rest of the cases no information was 

available. Out of the 12 cases 7 cases were negative for 

CK 20 and had no recurrence. 4 cases were CK 20 

positive and had 36.68 average MVD came back with 

recurrence. One case was CK 20 negative and 27.25 as 

average MVD reported with recurrence. There were18 

drop outs in the study. 

 

 
Fig. 5: PUNLMP H & E staining, CK 20 & MVD (CD 34) 

 

 
Fig. 6: LGPUN H & E staining, CK 20 & MVD (CD 34) 
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Fig. 7: HGPUN H & E staining, CK 20 and MVD (CD 34) 

 

 
Fig. 8: IUN H & E staining, CK 20 & MVD (CD 34) 

 

Discussion 
Low grade papillary urothelial neoplasms of the 

urinary bladder are known for their high rate of 

recurrence and low potential for invasion. Patients with 

low grade urothelial neoplasms treated by transurethral 

resection typically then monitored by regular 

cystoscopy, which is expensive and has high risk of 

mortality and morbidity, related primarily to the risk of 

anesthesia. A less invasive and expensive alternative to 

cystoscopy is desirable and variety of alternatives have 

been investigated. Urine cytology has been used for 

follow up in patients with bladder carcinoma. Cytology 

is effective in monitoring recurrence of high grade 

urothelial neoplasms, but is ineffective in low grade 

papillary urothelial tumors because the tumors cells 

lack many of the cytologic features of malignancy.(27,30-

34) 

We compared our study with others to evaluate the 

significance of CK 20 expression in Urothelial 

neoplasms. Total number of cases positive for CK 20 

were 56.66% and Tumors negative for CK 20 were 

43.33%. Among the positive tumors 76.47% of the 

tumors showed moderate to strong intensity and only 

23.52% were weakly stained with CK 20.Among the 

low grade tumors our study had 80% of them showing 

CK 20 positivity which was comparable to other studies 

like P Harnden et al(16) in 1995 showed 81.81% CK 20 

low grade tumors, A Alsheikh et al(27) showed 65.2% 

CK 20 positivity. Recent studies like S Abdel et al(35) 

showed 94.73% low grade tumors showing CK 20 

positivity and S Mumtaz et al(17) with 82.6% positivity. 

We also correlated the intensity of CK 20 staining 

with average MVD in different grades of tumors. In our 

study the Average MVD in tumors with weak 

expression of CK 20 was 11.25. Tumors with moderate 

and strong intensity of staining for CK 20 showed 25.10 

and 25.67 respectively. In the recurrent group of CK 20 

positive tumors the MVD was significantly high. 

It is evident from the results of our study and other 

studies that Ck 20 expression may therefore be useful in 

the identification of low grade and early tumors of 

urothelial origin, before the morphological feature 

progress to high grade. It has been proposed that the 

most recently identified CK polypeptide, CK 20, may 

be a useful diagnostic marker for distinguishing certain 

types of carcinoma, particularly when presented as 

metastases, due to its very restricted distribution in 

normal tissues. The predictive capability of CK 20 may 

be further refined by examination of the pattern of 

expression in adjacent flat mucosa. This may enable a 

prognosis to be made in cases in which CK 20 

expression is diffuse throughout the papillae and hence 

non-informative.(16) 

MVD would be a good indicator of therapeutic 

efficacy, but it has not been as useful for efficacy as it 

has for prognosis. Jonathan C et al(36) in 2003 studied 

that 23% of superficial tumors with high MVD 

progressed to muscle invasive disease. In 2004 Canoglu 

et al(37) proved in their study that significantly higher 

MVD was noted in invasive tumors than superficial 

tumors. High MVD was correlating with the risk of 

clinical progression in both superficial and invasive 

bladder carcinomas. In our study there was a direct 

correlation between tumor grade and recurrence rate 

with High grade tumors having 28.15 average MVD as 

compared to 19.06 average MVD in low grade tumors. 
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Quantification of angiogenesis by measurement of MVD has shown that in many tumor types, a high level of 

angiogenic activity is associated with aggressive tumor behavior. In urological malignancies, CK 20 along with 

MVD can been extensively investigated as a prognostic tool. Although this study examines a small sample of 

Superficial bladder cancer cases, a prospective trial of this method would better determine its clinical use. 

Furthermore, despite the highly significant difference shown, there is considerable overlap in MVD between the two 

groups. It is likely that neoangiogenesis may become an intergral part of a more consistent tumor staging system and 

routine prognostic evaluation. 

 

 P. Harnden 

et al(16) 1995 

A Alsheikh 

et al(27) 2001 

S Abdel 

et al(35) 2014 

S Mumtaz et 

al(17) 2014 

Our study 

2014 

CK 20 abnormal 

expression in 

low grade tumors 

81.81% 65.2% 94.73% 82.6% 80% 

Recurrence 42% 50% - - 30% 

 

Conclusion 
Flat urothelial lesion with atypia accounts to a 

spectrum of morphological changes ranging from 

reactive atypia to urothelial dysplasia or CIS. The most 

important predictive parameter for the biological 

behavior of the bladder cancer, apart from depth of 

invasion, is the histological grade of the tumor. 

Categorizing these lesions is important because of 

different clinical outcome and therapy. Currently, 

differential diagnosis relies on histopathological 

evaluation of samples and the experience of the 

pathologist. Combined use of immunohistochemical 

markers like CK 20 and MVD may allow 

discrimination between low grade and high grade 

neoplastic lesions. CK 20 not only helps in identifying 

the low grade tumors but also in predicting the risk of 

recurrence. MVD as elsewhere predicts the malignant 

behaviour of the tumors. The drawback of the study has 

been the small sample size, a study with more samples 

would prove the significance of CK 20 and MVD 

together are good and better prognostic markers. 

Hence CK 20 and MVD together can help the 

clinician to identify the patients at risk and define 

specific targeted therapy and thus decrease the 

mortality and morbidity Diagnosis is not the end, but 

the beginning of practice……  
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