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Introduction
Urothelial carcinoma of bladder (UCB) is 
the second most common genitourinary 
malignancy.[1,2] It is the 7th most 
common malignancy in men and 17th in 
women.[3] The mortality of transitional 
cell carcinoma (TCC) of urinary 
bladder increases significantly with the 
progression of superficial or locally 
invasive disease (pTa/pT1) to detrusor 
muscle invasive disease (pT2).

[4] Radical 
cystectomy with bilateral pelvic lymph 
node dissection is currently the gold 
standard treatment for muscle invasive 
UCB.[2,5,6] The most common prognostic 
markers in clinical use for these tumors are 
tumor stage and grade, which are subject 
to considerable intra‑ and inter‑observer 
variation.[4] It is noted that about 40% of 
patients with organ‑confined disease at the 
time of cystectomy subsequently suffer 
recurrence. Due to this high recurrence 
rate, there is a need for close follow‑up 
throughout the patient’s lifetime.[7]
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Abstract
Introduction: Overexpression of cyclooxygenase‑2 (COX2) in urothelial carcinoma of 
bladder (UCB) had been studied in the past by different workers and the results were contradictory. 
The objective of the present study was to evaluate the prognostic implication of COX2 expression 
in primary urothelial carcinomas of the urinary bladder and its correlation with clinical parameters, 
tumor stage, grade, and recurrence. Materials and methods: A total of 68 cases who underwent 
surgery for urothelial carcinoma in our medical college from January 2013 to December 2015 
were evaluated in our study. Hematoxylin and eosin‑stained slides were examined by two faculties 
applying standard reporting protocol. Tumor staging and grading was performed as per the WHO 
guidelines. Immunohistochemistry for expression of COX2 was performed to study any correlation 
of tumor grade with COX2 expression. The distribution of COX2 positivity was studied in tumors 
stratified according to established bladder cancer prognostic factor, for example, tumor size, 
grade, invasion, and spread. Results: Out of 68 cases, 42 cases showed COX2 positivity (61%). 
In low‑grade cases of bladder carcinoma, COX2 positivity was 16 out of 24 cases (60%), and in 
high‑grade cases, COX2 positivity was 10 out of 18 cases (64.28%). Conclusion: In the present 
study, the association of COX2 overexpression with advanced tumor invasion and tumor grade has 
been substantiated. Hence, COX2 expression can be taken as a prognostic factor along with other 
usual prognostic factors in patients of UCB.
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Advanced pathological stage, nodal 
involvement, grade, and urinary obstruction 
have been reported as prognostic factors for 
survival and recurrence. However, many 
UCB with similar stage and grade have 
demonstrated variable clinical outcome 
after radical cystectomy.

Hence, many attempts have been made 
to determine new and reliable prognostic 
factors.[8‑11]

Many recent scientific studies show that 
chronic inflammation may positively 
influence the risk of UCB. Furthermore, 
studies investigating the prolonged use 
of cyclooxygenase‑2 (COX2) inhibiting 
nonsteroidal anti‑inflammatory drugs 
have reported a decrease in UCB 
risk.[12,13]

Few studies have shown that bladder tissue 
from patients with cystitis or UCB exhibits 
elevated COX2 levels in contrast to benign 
bladder tissue.[14]
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Furthermore, studies of tumor chemotherapy show that 
selective increase in tumor cytotoxicity relative to normal 
tissue can be achieved by inhibition of angiogenic inducers 
which are frequently present in bladder tumor. Several 
studies have correlated elevated vascular endothelial 
growth factor (VGEF) level or COX2 expression with 
disease recurrence or progression often as an independent 
prognostic factor by multivariate analysis.[15,16]

This is the basis of combining anti‑VGEF therapy or COX2 
inhibitors with other forms of cytotoxic therapy in prospective 
clinical trials. While numerous study groups have investigated 
in different ways, the expressions of COX2 in UCB as a 
potential prognostic indicator, there is no clear consensus 
yet.[15‑18] Hence, our present study was formulated, and 
objective of our present study is to evaluate the prognostic 
implication of COX2 expression in primary urothelial 
carcinomas of the urinary bladder and its correlation with 
clinical parameters, tumor stage, grade, and recurrence.

Materials and Methods
A total of 68 cases who underwent surgery for TCC in 
our institute from January 2013 to December 2015 were 
included in the study.

Both transurethral resection and radical cystectomy cases 
were taken. Sections were examined by two faculties 
applying standard reporting protocol. Tumor staging and 
grading was performed as per the WHO guidelines.

Tumor differentiation, invasion depth, lymphovascular 
invasion (LVI), perineural invasion (PNI), necrosis, 
mitosis, and perivesical tumor spread were assessed 
histopathologically.

The association of age, gender, LVI, PNI, metastasis, necrosis, 
mitosis, and COX2 expression with pathological tumor grade 
and stage was evaluated and statistically analyzed.

Formalin‑fixed, paraffin‑embedded tissue sections were 
used for hematoxylin and eosin (H and E) staining and 
morphological diagnosis. A 2 μm thick paraffin‑embedded 
section on poly‑L‑lysine‑coated side was taken for 
immunohistochemistry (IHC). Antigen retrieval was done 
by heat treatment using microwave oven. IHC for COX2 
expression was performed using rabbit monoclonal antibody 
to COX2 and Super Sensitive polymer‑based detection 
system (Biogenex). Negative and positive controls were put 
up side by side.

Interpretation of COX2 immunostaining was then 
performed by two pathologists selecting the maximum 
positive area with strongest positive intensity and 
expressing it in a percentage.[19] The grading of COX2 
expression was done semi‑quantitatively. Positive staining 
pattern was graded as: undetected, mild (expressed in 10% 
tumor cells), moderate (10%–50% positive tumor cells), 
and strong (>50% positive tumor cells).[19,20] For statistical 
analysis, undetected and mild cases were categorized 

as low and moderate and strong cases as high COX2 
expression.[19] H and E‑stained section was examined first 
and representative areas were identified. Those areas were 
examined in IHC slides by conventional microscopy.[19]

Results
Age range of the patients included in the study was 
45–82 years with median 60.20 years. Out of 68 patients, 
56 were male and 12 female. Five patients were below 
50 years of age (all male). Hence, our data are confirming 
the fact that bladder carcinoma is more common in male 
compared to female patients[5] [Table 1].

Out of 56 male patients, smoking could be elucidated in 
30 patients from personal history as found from history 
sheets. Twenty‑six patients are nonsmoker. None of the 
12 female patients were smoker.

Out 68 patients, 65 patients had a history of hematuria and 
2 patients presented with pain hypogastrium and frequency 
of micturition but without hematuria in history. One 
patient was asymptomatic and diagnosed during real‑time 
checkup (ultrasonography whole abdomen).

In the present study, 38 patients had tumor size >3 cm and 
30 patients with tumor size ≤3 cm. In 12 cases, tumor size 
was missing in case history. Relation of COX2 expression 
and tumor size is presented in Table 2.

Forty out of 68 patients had high‑grade TCC (male ‑ 33 and 
female ‑ 7) and 28 patients had low‑grade TCC (male ‑ 23 
and female ‑ 5) [Table 3].

Out of 25 cases in stage T2,48% showed COX2 positivity.
In T3 and T4 cases,COX 2 positivity were 66% and 73%.
[Table 4].

Lymphnode metastasis was present in 36 out of 68 
cases.66% of node positive cases showed cox‑2 positivity 
[Table 5]

Both LVI and PNI were found in 40 cases out of 68 cases. 
Only LVI was seen in 44 cases and only PNI was seen in 

Table 1: Age and sex variation in bladder tumor with 
cyclooxygenase‑2 expression

Age Total number COX2‑positive 
cases

COX2‑negative 
cases

<50 years 5 (all males) 4 (male ‑ 4) 1 (male ‑ 1)
50 years 
or more

63 (female ‑ 
12, male ‑ 51)

38 (female ‑ 
7, male ‑ 31)

25 (female ‑ 5, 
male ‑ 20)

COX2 – Cyclooxygenase‑2

Table 2: Tumor size and cyclooxygenase‑2 expression
Tumor size Total 

cases
COX2‑positive 

cases (%)
COX2‑negative 

cases
3 cm or less 26 14 (53.8) 12
>3 cm 30 20 (66.6) 10
COX2 – Cyclooxygenase‑2
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7 cases. Tumor distant metastasis was seen in total 20 cases 
who underwent radical cystectomy [Table 6].

Concomitant carcinoma in situ was observed in 19 cases (29%). 
Forty cases (58.8%) showed tumor necrosis [Table 7].

COX2 expression was also studied in total 68 cases. 
The distribution of COX2 positivity was also studied 
according to established bladder cancer prognostic factor, 
for example, tumor size, grade, invasion, and spread. Out 
of 68 cases, 42 cases showed COX2 positivity (61%) and 
26 cases came out as COX2 negative.

COX2 positivity was seen in 60% cases of Grade II UCB 
(i.e., 16 out of 24 cases) [Figures 1 and 2] and 64.28% 

cases of Grade III UCB (10 out of 18 cases) [Figures 3 
and 4]. It was found in the study that COX2 positivity was 
80% in UCB showing LVI (32 out of 40 cases) [Table 8]. 
About 75% cases that showed PNI, showed COX2 
positivity [Table 9].

Discussion
UCB is the 7th most common malignancy in men and 
17th in women.[3] As a whole, UCB is the 2nd most common 
genitor urinary malignancy.[1,2] Mortality of UCB increases 
significantly with the progression of superficial and locally 
invasive disease (pTa/pT1) to detrusor muscle invasive 

Table 3: Tumor grade and cyclooxygenase‑2 expression
Tumor 
grade

Total 
cases

COX2‑positive 
cases (%)

COX2‑negative 
cases

low grade 40 24 (60) 16
High grade 28 18 (64.28) 10
COX2 – Cyclooxygenase‑2

Table 4: Stage of tumor and cyclooxygenase‑2 expression
Tumor 
invasion

Total 
cases

COX2‑positive 
cases (%)

COX2‑negative 
cases

T2 25 12 (48) 13
T3 24 16 (66.6) 08
T4 19 14 (73.6) 05
COX2 – Cyclooxygenase‑2

Table 6: Cyclooxygenase‑2 expression and distant 
metastatic tumor

Metastasis Total 
cases

COX2‑positive 
cases (%)

COX2‑negative 
cases

M0 20 12 (60) 8
M1 20 15 (75) 15
Mx 28 15 (53.5) 13
COX2 – Cyclooxygenase‑2

Table 7: Cyclooxygenase‑2 expression and 
histopathological features

COX2 
expression

Tumor 
necrosis (%)

Concomitant carcinoma 
in situ (%)

Negative 36 (52.9) 40 (58.8)
Positive 32 (47) 28 (41.1)
COX2 – Cyclooxygenase‑2

Table 8: Cyclooxygenase‑2 expression in tumors showing 
lymphovascular invasion

LVI Total 
cases

COX2‑positive 
cases (%)

COX2‑negative 
cases

Present 40 32 (80) 8
Absent 28 10 (35.7) 18
LVI – Lymphovascular invasion; COX2 – Cyclooxygenase 2

Figure	1:	Low‑grade	urothelial	carcinoma,	immunohistochemistry	showing	
negative	cyclooxygenase‑2	expression	(×100)

Figure	2:	Low‑grade	urothelial	carcinoma,	immunohistochemistry	showing	
weak	cyclooxygenase‑2	expression	(×100)

Table 5: Lymph node metastasis and cyclooxygenase‑2 
expression

Lymphatic 
invasion

Total 
cases

COX2‑positive 
cases (%)

COX2‑negative 
cases

N0 18 11 (61.11) 7
N1, N3 36 24 (66.6) 12
Nx 14 5 9
COX2 – Cyclooxygenase‑2
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disease (pT2).
[4] Recently, the pathological stage of tumor 

and the presence of lymph node metastasis (LNM) have 
been pointed out as two most important prognostic factors.[4]

However, there are several other factors defining the 
prognosis of UCB even with treatment, and review of 
literature shows that though numerous study groups have 
investigated in different ways, the expression of COX2 
in UCB as a potent prognostic factor, there is no clear 
consensus about that till now. Despite many published 
studies, contradictory findings predominate on COX2 
expression as a prognostic marker of UCB.[15‑18]

Prognosis of UCB in female is much worse than in male. 
Large European epidemiological study of 1.2 million cancer 
patients reported a 30% lower mortality in female with 
respect to male.[5] However, the study also demonstrated 
that UCB followed a more aggressive clinical course in 
female than in male.[21‑23] In the present study, most of 
patients were male (56 out of 68) and only 12 patient 
female. Due to small number of female patients in this 
study group, a statistically significant relationship could not 
be elucidated.

LNM has been noted in 25% cases undergoing 
cystectomy.[24] In the present study, it was 29%, which is in 
consistence with the literature.

Previous studies have reported that rate of LVI 
ranges from 35% to 55% in muscle invasive bladder 
carcinoma (MIBC).[25,26] We assessed LVI in H and E 
stained section and it was 60%. The higher rate of LVI is 

probably due to difficulty in distinguishing LVI from tissue 
retraction artifacts. Hence, associated IHC study to detect 
LVI may be more helpful in these cases.

Previous studies reveal controversial results regarding PNI 
as prognostic factor.[27] Some studies have reported that PNI 
is associated with LNM and distant metastasis, whereas 
other studies have shown that tumor stage, LNM, urethral 
obstruction, LVI, and PNI are significant prognostic factors 
on univariate analysis;[24‑27] however, on multivariate analysis, 
it comes out that only tumor stage and LNM are independent 
prognostic factors.[24‑27] In our present study, PNI is present 
in 51.5% cases and LVI is noted in 60% cases.

Despite many published articles, findings are rather 
contradictory regarding COX2 expression as prognostic 
marker in UCB patients. In the present study, we have 
found 61.7% positivity for COX2 expression (42 out of 
68 cases) [Figure 1 and 2]. Using the largest patient cohort 
with nonmuscle invasive bladder carcinoma (NMIBC), 
the result was 38%.[19,28] Other study groups have reported 
frequencies ranging from (53% to 88%).[16] However, these 
studies used different COX2 antibodies and expression 
evaluation technique and had smaller sample size.[29,30] 
However, COX2 positivity appears as 58% in MIBCs 
in study with large patient cohort which is similar to our 
findings of 61.7% positivity of COX2 in transitional cell 
carcinoma of bladder[19,28] This frequency is also similar to 
that observed in other large histologically homogeneous 
studies.[19,28,31‑33]

In review of literature,[29,31] we have found that there is a 
significant association between COX2 overexpression with 
advanced tumor grade and invasion. Given the known 
disparity in COX2 expression between NMIBC and MIBC, 
few studies show a strong association between COX2 
overexpression and advanced tumor grade in pooling cohort 
of NMIBC and MIBC.[19,29,31] In our study, we have found 
60% COX2 positivity in Group 2 and 64.28% positivity in 
Group 3 cases of MIBC.

Figure	3:	High‑grade	urothelial	carcinoma,	immunohistochemistry	showing	
strong	cyclooxygenase‑2	expression	(×400)

Figure	4:	High‑grade	urothelial	carcinoma,	immunohistochemistry	showing	
moderate	cyclooxygenase‑2	expression	(×400)

Table 9: Cyclooxygenase‑2 expression in tumors showing 
perineural invasion

PNI Total 
cases

COX2‑positive 
cases (%)

COX2‑negative 
cases

Present 35 26 (74.28) 9
Absent 33 16 (48.4) 17
PNI – Perineural invasion; COX2 – Cyclooxygenase‑2
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Shirahama et al.[32] in a study of COX2 distribution 
observed 8% positivity in pT1 tumor and 50% positivity 
and pT2 tumor.[32] In our study, we have seen similar results 
that are 48% COX2 positivity in pT2, 66.6% positivity in 
pT3, and 73.6% positivity in pT4 cases.

In our study, we have seen 53.8% COX2 positivity in 
tumors with size ≤3 cm and a 66.6% positivity in tumor 
size with >3 cm.

We have also found 60% COX2 positivity in M0 UCB and 
75% COX2 positivity in M1 UCB. Furthermore, COX2 
positivity was 61.1% in N0 lymphatic invasion cases and 
66.6% in N1–N3 lymphatic invasion cases.

The results are similar to those in other publication, 
indicating the fact that COX2 expression may be taken as an 
important prognostic factor in case of UCB study[19,20,28‑32,34]

The results presented herein focus on COX2 expression 
levels measured in tumor epithelial cells which is only one 
aspect of the complex interplay between the tumor and the 
host inflammatory response. Furthermore, in experimental 
models of cervical cancers, Farrandina et al.[19,33] observed 
that while COX2 expression was mutually exclusive in the 
tumors and stromal inflammatory cells, high expression 
of COX2 in both cell types could be used as independent 
prognostic markers.[19,20,33]

Apart from the importance of COX2 as an important 
prognostic factor in bladder carcinoma, new avenues 
are coming in light regarding role of anti‑COX2 drugs 
in treatment and preventions of bladder and colorectal 
cancers.[34,35] Currently, a large clinical study[35] examining 
inhibition of COX2 and recurrence of bladder cancer is 
ongoing at The University of Texas M. D. Anderson Cancer 
Center, Houston. This study is designed to compare the time 
to recurrence following treatment with celecoxib (COX2 
inhibitor) or placebo in patients with superficial TCC of 
the bladder at high risk for recurrence. This study will 
also correlate the modulation of one or more biomarkers 
with recurrence of bladder cancer and evaluate the quality 
of life of patients enrolled in the study.[35] Moreover, one 
step forward, future studies investigating the prognostic 
value of COX2 expression in UCB should also take into 
consideration the multifactorial context of the inflammatory 
response during carcinogenesis.[34]

Conclusion
Data indicate that selective inhibition of COX2 may 
be an effective strategy for preventing Colorectal and 
bladder cancer also may have application in other cancers. 
Furthermore, because COX2 overexpression has been 
observed in both preneoplastic lesions and cancers, 
chemoprevention and intervention is possible at multiple 
stages of carcinogenesis.

Recently, the pathological stage of tumor and the presence 
of LNM have been pointed out as two most important 

prognostic factors. However, there are several other factors 
defining the prognosis of UCB even with treatment. 
Here, in our present study, we have substantiated the fact 
that COX2 overexpression is associated with advanced 
tumor invasion and tumor grade which is in accordance 
with other published articles. Hence, COX2 expression 
can be taken as a prognostic factor along with other 
usual prognostic factors in study of patients of UCB. In 
this line, future research may take the avenue of study 
of multifactorial context of the inflammatory response 
during carcinogenesis. Furthermore, importance of COX2 
expression by bladder cancer also lies in the fact that 
potential role of few anti‑COX2 agents in the prevention, 
treatment, and recurrence prevention for bladder cancer is 
already in evaluation study.
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