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The aim of the project was to evaluate the clinical value of a computer analysis of 
cytological specimen images obtained from urine and bladder washing samples. 
Three sample types (voided urine, catheterized urine and bladder washing) from  
59 patients with primary or recurrent tumor were analyzed. All patients under-
went cystoscopy and biopsy or resection. The histological results were compared 
with the results of the image analyzing computer system of collected urine samples.
The consistency between the computer diagnosis and the clinical or histological 
diagnosis both in the presence and absence of cancer was as follows: 77% for voided 
urine samples, 72.5% for catheterized urine samples and 78% for bladder washing 
samples. The specificity of the method at the standard pathology level was 71%, 
and the sensitivity was 83%. The positive and negative predictive values (PPV and 
NPV) were 87.5% and 63% respectively. The sensitivity for G3 or CIS or T2 or T3 
tumors reached nearly 100%. 
Computer analysis of urine provided correct diagnoses in cancer and control pa-
tients with the sensitivity of 83% and specificity of 71% and gave excellent results 
in aggressive tumors such as T2, T3, G3 and in CIS.
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Introduction

Bladder cancer is one of the most common ma-
lignant tumors of the genito-urinary organs, and it 
ranks 7th in incidence among all cancers in men and 
17th in women. In Europe, the age-standardized in-
cidence rate is 27/100,000 for men and 6/100,000 
for women, whereas the age-standardized mortali-
ty rate is 8 and 3 per 100,000 for men and women, 
respectively; 75% of bladder cancers are limited to 
the epithelium and stroma and constitute superficial 
bladder cancers (non-muscle-invasive bladder can-
cers – NMIBC). Because of the limited progression 

potential, patients with NMIBC have a low cancer 
mortality rate (CSM; cancer-specific mortality).

Although the CSM in patients with cancers of the 
infiltrating muscle membrane (muscle-invasive blad-
der cancers – MIBC) is higher, the higher number of 
patients with NMIBC and their prolonged survival 
with high recurrence (RR, recurrence rate) causes the 
morbidity (prevalence) of bladder cancer to be the 
highest of all “urologic” cancers [1].

Cystoscopy and histological assessment following 
biopsy of small or flat suspicious lesions is the only ac-
curate method for diagnosing bladder tumors before 
they grow sufficiently large to be visible as tumors on 
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ultrasonography or as filling defects in imaging stud-
ies using contrast medium (intravenous pyelogram  – 
IVP and computed tomography). For patients with 
CIS (carcinoma in situ), cystoscopy is the best option 
for the diagnosis. Although cystoscopy can frequently 
be performed on an outpatient basis using a flexible 
cystoscope, given the high incidence and prevalence 
of bladder cancer, the burden on urological depart-
ments and national health systems is very high.

Even when performed using flexible instruments, 
cystoscopy remains an invasive test. Therefore, there 
have been numerous attempts to limit the number of 
performed cystoscopies, e.g., by screening groups of 
patients with elevated risk factors (smokers and pa-
tients who work in some industries) or by using control 
tests (monitoring) of patients after NMIBC resections.

Numerous urinary molecular marker tests has 
been proposed: UroVysion, microsatellite analysis, 
ImmunoCyt, nuclear matrix protein 22, BTA stat, 
BTA TRAK, and cytokeratins. In general, these ap-
proaches have a higher sensitivity but a lower speci-
ficity than the cytological urine test, and they show 
higher sensitivity for tumors with low-grade histo-
logical differentiation (high-grade tumors). The sen-
sitivity and specificity depend on the clinical context; 
usually, the sensitivity is higher for detection of the 
primary tumor than for monitoring of recurrence. 
Some false-positive results can be verified by a sub-
sequent recurrence and are undetectable during the 
first endoscopy (especially for UroVysion and micro-
satellite analysis) [2, 3]. There is a general consen-
sus that these methods cannot replace cystoscopy for 
screening and diagnostic tests in patients with mac-
roscopic hematuria. None of these techniques can re-
place cytology and cystoscopy to monitor recurrence 
in patients with high-risk NMIBC because monitor-
ing of NMIBC with the above-mentioned techniques 
in low- and intermediate-risk patients still does not 
detect half of the tumors that are detected by cystos-
copy [1, 4, 5, 6]. 

Cytological urine and bladder washing tests have 
high sensitivity for high-grade tumors and low sen-
sitivity for low-grade tumors. The sensitivity in CIS 
cases is 28-100% [7]. Cytological tests are often neg-
ative in cases involving low-grade tumors. Cytolog-
ical interpretation is user-dependent, and the speci-
ficity with extensive experience increases to 90% [5].

In various clinical situations, a combination of cyto-
logical tests with cystoscopy is the best option to limit 
the rate of diagnostic errors. However, cytological tests 
by experienced cytopathologists are not available ev-
erywhere, making these tests difficult and expensive.

Therefore, in this paper, we present the initial re-
sults for a computer method for early detection of 
bladder cancer using a non-invasive measurement 
technique based on material collected from urine and 
bladder washes.

Further studies will determine whether our meth-
od is reliable enough to reduce the number of required 
cystoscopies and classic cytological examination. 

Material and methods

In this study we tested the ability of digital image 
processing and analysis to diagnose the presence of 
bladder cancer based on an analysis of urine and blad-
der washing samples. 

After signing informed consent, urine from 87 sub-
jects was collected. As not all preparations obtained 
from the collected samples were suitable for the final 
evaluation and computer analysis, samples from only 
59 patients, including 45 men and 14 women (at the 
age 47-87 years, average 70.9, SD 10.79) were used 
for the analysis.

The tested group in this study consisted of pa-
tients with a clinical diagnosis of primary bladder 
tumor that was not histologically confirmed and pa-
tients with remission after a previous transurethral 
resection and cancer patients. 

Among those 59 patients, 17 had no cancer (3 in 
which a clinical diagnosis of primary bladder tumor 
was not confirmed and 14 with remission after pre-
vious transurethral resection). The 42 remaining pa-
tients with histologically diagnosed cancer were clas-
sified as follows: 10 G1 (9 Ta, 1pTx), 28 G2 (16 pTa, 
9 pT1, 3 pT2), 3 G3 (2 pT2, 1 pT3a), and 1 CIS. 
Histological classification was performed accord-
ing to the WHO 1973 grading system of bladder 
urothelial carcinomas, which was formally in force 
until 1998. 

Eighteen samples of voided urine from healthy 
volunteers were additionally tested as a training set 
and were not taken into account in the summary of 
results.

Urine samples were collected from voided and 
catheterized urine from all patients. The samples 
were collected from the second or subsequent void-
ing, then the patients were catheterized, and the 
samples from catheterized urine were collected. 

Similarly, we tried to take bladder wash samples 
from all patients, but this was not always possible.

All 50 ml samples were prefixed after collection 
for 24 hours. The prefix solution doubled the sample 
volume and was composed of 100% ethanol, PEG 
300 (Merck, Poland) and distilled water. Then, the 
mixtures were centrifuged at 2000 g for 10 minutes. 
The supernatant was removed, and 500 µl of prefix 
solution was added to rinse the pellets. Then, 200 µl 
of the mixture was placed in a Shandon Cytospin  
4 system (Thermo Electron Corporation, United 
Kingdom) and centrifuged for 6 minutes at 1000 g 
to separate and deposit a monolayer of cells on micro-
scopic slides. Then, the slides were dried for approx-
imately 5 minutes at room temperature and finally 
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fixed using the Bohm fixation method [8], followed 
by purification by repeated immersion in 100%, 
96%, 70%, 50% ethanol solutions and distilled wa-
ter. Staining was performed with the Feulgen method 
[9] using 5 N HCL for one hour at room temperature 
followed by treatment with Schiff’s reagent (Merck, 
Poland). 

The stained preparations were then scanned and 
analyzed using our image processing computer system 
consisting of an IBM/PC computer and a digital Cool-
scope microscope (Nikon, Japan). The scanned images 
of the preparations were transmitted to the computer 
system. The size of the recorded images was 480 × 
640 pixels (8 bits). In most cases, a single captured 
image contained between a few and a few hundred nu-
clei. The objective magnification was 20 : 1. 

Image analysis was performed using a digital im-
age processing system (CytoAnalyzer) designed by 
the authors as a software package equipped with spe-
cialized procedures [10, 11, 12] to scan microscope 
slides and perform urinary and washing sediment 
analysis [10, 11]. The cytospin technique was used 
to obtain the concentration of sediment on a small 
area of the microscopic slides, which significantly 
shortened the time required for scanning microscopic 
preparation.

Description of the system

The tested system, which in addition to the com-
puter contains the digital microscope, had at the time 
of the measurements a fixed set of scanning param-
eters (size of the magnification, lens aperture and 
brightness of the image). 

The CytoAnalyzer application implemented in the 
system is equipped with a procedure for standardiza-
tion of the brightness of the image that runs prior to 
analysis of each measuring scanned frame image.

The procedures of image processing and analysis 
were developed and described in detail in our previ-

ous works [10, 11, 12, 13]. Now we would like only 
to mention the main ideas of our approach. 

In the first stage, the CytoAnalyzer software per-
forms preliminary image preprocessing comprising 
image background correction and normalization, 
which are essential procedures for correct comparison 
of objects derived from different images.

The method of image background correction in 
our software was created based on a two-dimensional 
correction matrix and made out of 10 images of an 
“empty field” derived from different places of the an-
alyzed specimen. 

The next step of image processing, normalization 
of the images analyzed, was achieved in such a way 
that that the most frequent pixel light intensity in 
the background gained saturation (maximum light 
intensity). This was achieved by multiplying all the 
pixels in the image by a coefficient calculated for each 
image based on a histogram of light intensity distri-
bution. 

The next processing stage, extraction of objects, 
was also based on the light distribution histogram of 
the image. The minimum of the histogram of light 
intensity level was taken as a threshold value and 
used for performing the thresholding operation.

The subsequent step consisted of measurement 
of parameters of the defined features describing ob-
jects in analyzed images as unequivocally as possible.

At the beginning the system was built and tested 
on the basis of the material from bladder washings 
supplied in the form of cytospins from the Nether-
lands (LCP laboratory). Then the first clinical test was 
performed from bladder washings of Polish patients.

When selecting the features and developing 
a method of analysis we focused on well-known pro-
cesses occurring in cell nuclei in the neoplastic pro-
cess, such as:
• an increased number of large cell nuclei in images 

of cancer patients (Fig. 1), 

Fig. 1. The typical example of normal nuclei (A), and the typical example of nuclei of a cancer patient (B)

A B
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• increased exfoliation of cancerous epithelial cells 
relative to normal cells (Fig. 2), 

• relatively large difference in the size and structure 
of nuclei clusters in the images of preparations 
from cancer patients (Fig. 3).
All chosen features were defined on the basis of 

a histogram of object size distribution in a popula-
tion of cell nuclei. In total 7 features were defined. 
Five of them were defined on the basis of object size 
distribution in defined ranges of pixel size. The sixth 
was a measure of the ratio of the number of nuclei 
clusters to the total number of individual nuclei and 
granulocytes in the preparation. The seventh feature 
was the percentage of granulocytes in relation to the 
number of all objects. 

On the basis of the defined features a multistage 
classification algorithm (in the shape of a decision 
tree) was designed and implemented in CytoAnalyz-
er application. 

Results

In total, the sensitivity of the tested method based 
on all three types of samples was 83% (35/42), and 
the specificity of the method was 71% (12/17). 

Sensitivity and specificity of the test was depen-
dent on the type of sample to be analyzed: 
• the specificity of the voided urine analysis was 75%,
• the sensitivity of the voided urine analysis was 75%,
• the specificity of the catheterized urine analysis was 

61%,
• the sensitivity of the catheterized urine analysis was 

78%,
• the specificity of the bladder washing analysis was 

57%, 
• the sensitivity of the bladder washing analysis was 

89%,
Computer analysis provided correct diagnoses in 

cancer and non-cancer patients in 77% of the prepa-

A B

Fig. 2. The increased exfoliation of epithelial cells in the image of a cancer patient (B) than in the image of a healthy 
patient (A)

Fig. 3. The typical example of a cluster of normal cell nuclei (A), and the typical example of a cluster of cancer nuclei (B)

A B
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rations from voided urine, 72.5% of the preparations 
from catheterized urine and 78% of the preparations 
from bladder washes. Table I shows a comparison of 
the results of histological assessment with the results 
of the computer analysis, based on all types of samples. 

The accordance of computer analysis and histo-
pathologically confirmed diagnosis of bladder tumors 
varied depending on histological grading. It was 
higher in G3 and CIS tumors and lower in G1 and 
G2 lesions (Table II). 

In 10 patients with G1 tumors (9 pTa, 1 pTx),  
7 were diagnosed with cancer: 4 grade G1 and 3 G2. 
In the 3 remaining cases, cancer was not diagnosed.

One patient had a primary tumor, 9 had recur-
rent tumors. The primary tumor case (Ta) was not 
recognized either in voided urine or in bladder wash 
preparations. 

 In total, 28 patients with G2 (16 pTa, 9 pT1,  
3 pT2) tumors were examined: 10 of them had pri-
mary tumors and 18 had recurrent tumors. In the 

Table I. Comparison of the results of histological assessment with the results of the computer analysis based on all types 
of samples

patient grOup histOlOgiCal 
diagnOsis

COmputer 
diagnOsis

number Of inCOmpatible  
diagnOses

Patients with cancer 42 35 7

Patients without cancer 17 12 5

Table II. Accordance of histological and computer diagnoses on the basis of the type of samples for all grades of cancer 
histological malignancy

vOided urine 
samples

Catheterized 
urine samples

bladder wash 
samples

all three types 
Of samples

Patients with a G1 grade tumor 67% 60% 75% 70%

Patients with a G2 grade tumor 75% 78% 90% 86%

Patients with a G3 grade tumor 100% 100% 100% 100%

Patients with a CIS tumor – 100% 100% 100%

Table III. Accordance of histological and computer diagnoses on the basis of three type of samples for non-cancer 
patients

patient grOup vOided urine 
samples

Catheterized 
urine samples

bladder wash 
samples

Of all three 
types Of samples 

Without primary bladder tumor 50% 100% 100% 67%

Without recurrent bladder tumors 80% 54%  50% 64%

Table IV. Relationship between stage of tumor and correct computer diagnosis in both primary and recurrent tumors 
from different types of preparation

type Of preparatiOn type Of 
tumOr

deteCtiOn Of all grades Of tumOr malignanCy in respeCtive stages

ta (n) t1 (n) t2 (n) t3 (n) Cis (n)

Voided urine primary 67% (3) 75% (4) 100% (1) 100% (1) –

recurrent 75% (12) 75% (4) 100% (3) – –

Catheterized urine primary 0% (2) 75% (4) 100% (1) 100% (1) –

recurrent 77% (13) 100% (3) 100% (3) – 100% (1)

Bladder washing primary 80% (5) 100% (4) – 100% (1) –

recurrent 90% (10) 100% (4) 67% (3)* – 100% (1)
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pTa and pT1 stages, the voided urine computer 
analysis was accurate in 80% (4/5 analyzed) of prima-
ry tumors and in 67% of recurrent tumors (8/12 an-
alyzed). The computer analysis was correct in 100% 
(3/3) of pT2 tumors. With catheterized urine, the 
computer analysis was correct in 60% (3/5) of pri-
mary tumors and 82% (9/11) of recurrent tumors 
in stages pTa and pT1 and in 100% (2/2) of stage 
pT2 tumors. In the pTa and pT1 stages, the com-
puter analysis of bladder washes was correct for all 
analyzed primary tumors and in recurrent tumors in 
90% of pTa (7/8 analyzed) and 91% of pT1 (10/11 
analyzed). 

In all G3 (3 patients) and CIS (1 case) cases, all 
preparations of both primary and recurrent tumors 
were correctly diagnosed by the computer analysis. 
In the bladder washing analysis, these tumors were 
recognized as G3.

The positive predictive value and negative 
predictive value of the computer analysis were 
87.5% and 63% respectively. The sensitivity for 
aggressive tumors G3 and CIS and T2 and T3 
was very high, approaching almost 100%. In the 
pT2 stage, 1 of 4 tumors was not recognized correct-
ly because of extensive inflammation. 

Computer analysis of urine samples produced  
5 false positive results (5/17). One in three patients 
had unconfirmed primary bladder tumor and there 
were 4 cases of recurrent bladder tumor. 

Detailed comparative results for patients without 
primary or recurrent bladder tumors are presented in 
Table III.

The relationship between the stage of the tumor 
and the correct computer diagnosis in both primary 
and recurrent tumors from different types of prepa-
rations is shown in Table IV. Best compatibility oc-
curred for T2, T3 and CIS cases both for primary and 
recurrent tumors regardless of the type of prepara-
tion. 

A 100% correct diagnosis rate was achieved for 
samples from the voided urine of healthy volunteers.

Discussion

In the study we analyzed the clinical value of 
a computer-aided diagnostic system for bladder can-
cer. There have been many studies on this topic [14, 
15, 16, 17, 18, 19, 20, 21, 22, 23], which in general 
focused on the identification and analysis of individ-
ual cancer cells. The problem, however, proved to 
be the precise identification of all of the cells in the 
preparation. Our approach was not to classify indi-
vidual nuclei into specific types but rather to classi-
fy each entire specimen into diagnostic categories to 
prevent erroneous classification resulting from faulty 
diagnoses of individual components (nuclei).

Classification into various grades of malignancy 
was based on our multilevel algorithm and performed 
using all components contained in the preparation. 
The preparations were classified into the particular 
malignancy grades used in histological evaluations. 
Our approach of classifying the entire preparation 
made it possible to avoid erroneous classification of 
the preparations resulting from faulty diagnoses of 
individual components (nuclei). In addition, similar 
results were obtained in the diagnosis of high-grade 
cases in previous studies [14, 15, 24].

Papanicolaou staining is commonly used for the 
evaluation of cancer cells [14, 19, 25, 26]. We used 
the Feulgen method of staining to avoid problems 
with double extraction of cytoplasm and nuclei from 
the image. As in our previous works [10, 11, 12, 13]  
focused on the development of image analysis and 
carried out on ready preparations (prepared in the 
Netherlands), also this time it was assumed that the 
information contained in the nuclei of the cells was 
sufficient to detect cancer. The nuclei in the analyzed 
preparations were subjected to multi-level classifica-
tion. At every level of the decision tree, another fea-
ture of the cell nuclei size distribution histogram was 
analyzed. The analyzed characteristics were quanti-
fied not in absolute terms but rather in relative terms 
or as a percentage of the fixed ranges in the histo-
gram or in relation to all components (or clusters of 
nuclei) in the preparation. Similar to previous studies, 
no attempt was made to identify abnormal or cancer-
ous cell nuclei. 

Our main goal was to detect cancer and, in the 
next step, to determine the grade of histological ma-
lignancy.

However, taking into account that images of 
preparations obtained from samples of voided urine, 
catheterized urine and bladder washes differ in terms 
of the observed number of nuclei and background, 
in which urinary crystals and traces of mucus may 
be present or absent, the classification algorithms 
for each of these sample types required adaptation. 
Hence, different grading procedures were developed 
for voided and catheterized urine and bladder washes.

The correct diagnosis in patients with necrosis 
and inflammation of the bladder but with an uncon-
firmed clinical diagnosis of primary bladder tumors 
was obtained from all types of samples (voided and 
catheterized urine and bladder washes). In the case of 
inflammation with purulent infiltration, the correct 
diagnosis was obtained only from samples of voided 
and catheterized urine. In the case of hemorrhagic 
cystitis, the correct diagnosis was obtained only from 
a sample of catheterized urine. In summary, a cor-
rect diagnosis rate of 67% was achieved based on the 
analysis of all three sample types.

For computer analysis of patients with no recur-
rence after previous resection of a bladder tumor, the 
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bladder wall appearance in these patients is no longer 
similar to that in a healthy person. Consequently, it 
would be necessary to test a larger number of cases 
and appropriately modify the classifying algorithm. 
It is possible that in these patients, the computer 
cytological examination would be more meaningful 
than histological examination, which is exclusively 
limited to the biopsy of only noticed suspicious blad-
der wall fragments obtained during cystoscopy, while 
the computer examination is based on the analysis 
of exfoliated nuclei of the entire bladder. However, 
the validity of this approach can only be confirmed 
by prolonged observation of treated patients, e.g., by 
observing recurrence, which was not possible in this 
study.

The most accurate diagnosis of patients was based 
on the simultaneous use of the three types of samples: 
voided, catheterized urine and bladder washes.

70% compliance in diagnosis was achieved for the 
G1 cases. All cases of recurrent tumors, except two, 
were diagnosed as cancerous, and in 1 case of a pri-
mary tumor, the computer analysis was incorrect for 
both voided urine and bladder washes.

For G2 grade a compliance rate of 86% was 
achieved. At least two preparations were examined 
from each sample. However, not all preparations 
were suitable for analysis because they were techni-
cally poor or did not contain nuclei; these prepara-
tions were omitted.

The most reliable test for this group of cancer pa-
tients was that based on preparations obtained from 
bladder washes (90% correct diagnosis rate), where-
as the number of correct diagnoses from urine was 
lower. From the voided and catheterized urine, cor-
rect diagnosis rates of 75% and 78% were achieved, 
respectively. A substantial correlation between the 
stage of the tumor and the correct diagnosis rate us-
ing the computer technique was not observed. Ta and 
T1 cases of this grade of malignancy were detected 
based on a urine test with correlations at the level of 
73%, whereas with the bladder washes, Ta and T1 
cases were correctly detected with an accordance of 
89%. The cases in stage T2 were recognized correctly 
in all tests, except for one case from a bladder wash-
ing sample. The best result, 100% cancer detection, 
was achieved for stages T2 and T3 as well as for CIS 
cases on the basis of urine and wash samples. 

In addition, a 100% correct diagnosis rate was 
achieved for samples from the voided urine of healthy 
volunteers. It is worth mentioning that sensitivity of 
the visual cytology is around 60%.

Obtaining good quality of urine samples was the 
biggest challenge in this study. Most of the techni-
cally poor preparations were obtained from samples 
of voided urine, whereas most of the bladder wash 
samples were correct. The sampling, fixation, trans-
portation and specimen preparation methods were 

very important for the quality of the preparation. We 
are concerned that imprecise patient compliance with 
the sampling rules will always constitute a problem. 
Therefore, the sampling rules must be fully devel-
oped, simplified and standardized to enable the ap-
plication of these tests in routine clinical trials and 
screening, given their particular value as non-inva-
sive, low-cost and feasible methods that can be per-
formed with any frequency during therapy.

The lack of full consistency between the computer 
analysis results and the histological diagnosis of ma-
lignancy grades may have resulted from the inade-
quate quality of the preparations or samples. How-
ever, it is also possible that our analysis, which was 
based on a few thousand nuclei, may have actually 
been more reliable than a histological analysis based 
on an analysis of only locally collected samples of tis-
sue. In this case, the lack of consistency of our results 
with the standard method could actually indicate 
greater sensitivity of our technique.

As mentioned above, appropriate sampling for 
testing and careful handling of the preparations in 
accordance with the developed procedure are import-
ant for obtaining the correct computer diagnosis. 
The lack of a sufficient number of exfoliated epithe-
lial cells in the sample and the presence of impuri-
ties (urate crystals and mucus) impede the computer 
analysis or make it unreliable or inaccurate. There-
fore, in the future, for absolutely reliable diagnosis, 
several preparations obtained from patient samples 
should be examined.

Given that the images obtained from samples of 
bladder washes and voided and catheterized urine 
differed in terms of the observed number of nuclei 
and the presence or absence of urate crystals and 
mucus, the classification algorithms for each of these 
groups had to be adjusted accordingly. These devel-
oped algorithms that were adapted to the specifics of 
the analyzed images have been implemented in the 
computer system. Moreover, it should be emphasized 
that the process of both scanning slides and image 
analysis is fully automated and requires no user inter-
vention We are aware that recognition of the devel-
oped system as a routine diagnostic test will require 
clinical trials on a much larger sample of clinical cases 
and healthy controls. 

In future, the accuracy of the system could be im-
proved by utilization of a larger sample of cases such 
as patients after treatment (chemotherapy and radio-
therapy), non-malignant conditions of the urinary 
tract (nephrolithiasis) or primary tumors in a learn-
ing process.

The next task that requires further research is the 
qualitative optimization of the urine sample collec-
tion and preparation process, which could finally 
establish the standardized method as more sensitive 
and specific than classic cytology – a method that is 
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fast (the process of computer scanning and the analy-
sis of a single slide is relatively fast as it takes 17 min- 
utes in total), inexpensive enough to be widely avail-
able, and on top of that an application which does not 
require an expert skilled operator.

It should be stated that the proposed method is 
not meant to replace classic morphological assess-
ment but rather to be an additional useful tool.

 Conclusions

Computer analysis of urine provided correct diag-
noses in cancer and control patients with the sensitiv-
ity of 83% and specificity of 71% and gave excellent 
results in aggressive tumors such as T2, T3, G3 and 
in CIS. 
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