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Abstract

Background: Tumor growth, invasion, and metastasis are angiogenesis dependent; so, using anti-angiogenic therapies can block
these procedures. Vascular endothelial growth factor (VEGF) is a strong proangiogenic factor that is expressed by many cancer cells
like bladder cancer.
Objectives: The aim of this study was to determine the prevalence of the VEGFR in transitional cell carcinoma (TCC) of bladder and
its relationship with other prognostic factors.
Methods: This cross sectional study was carried out on 61 patients with TCC of bladder after radical cystectomy (RC). These patients
were referred to the Urology Ward in Labbafineazhad Hospital in Tehran, Iran. The relationship of VEGF and the prognostic factors
was determined, using the Fisher’s Exact and Chi-square for data analyzing by SPSS software version 17.
Results: Among 61 patients with TCC of bladder, only 8 patients (13.1%) were VEGFR positive, and there was no significant relation
between frequency of VEGFR expression and the other factors like age, gender, stage, lymph node involvement, lymphovascular, or
perineural space invasion.
Conclusions: According to this study, the most patients with TCC of bladder did not express VEGFR; also, none of the prognostic
factors showed any relation with VEGFR expression.
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1. Background

The most prevalent malignancy involving the urinary
system is bladder cancer and it is one of the 10 most com-
mon tumors all over the world (1). The incidence of this
cancer has been increasing during the last decades slowly
and unfortunately this rising is parallel with the increas-
ing of the age. In this sense, 6th and 7th decades of the
life are the peaks for occurring (2). The most common his-
tologic type of this malignancy is urothelial carcinoma or
transitional cell carcinoma (TCC), especially in the United
States and Western Europe; however, in the countries of the
Middle East, non urothelial histologies such as squamous
cell carcinomas (SCC) are more common. Some ethnic and
racial diversities are present in this malignancy. Also, race
and gender can affect the stage of the disease or progno-
sis. Invasive urothelial cancer (UC) is a high grade can-
cer, according to the classification of TCC into low grade

and high grade forms. This is important because when
these malignancies are diagnosed in the early onset, most
of them are noninvasive, but high grade muscle invasive
disease is a result of a delayed diagnosis. The high grade
muscle invasive TCC can simply progress and eventually
become lethal. According to James et al. (3), bladder can-
cer is a main cause of cancer mortality. The prognosis of
advanced TCC is poor; so, the need for competent thera-
pies are important. There are many molecular alterations
in bladder cancer that engage in cellular processing like
proliferation, differentiation, motility, angiogenesis, inva-
sion, metastasis, and apoptosis according to Parvin et al.
(4). To improve in the management of bladder cancer, we
need to precisely detect some prognostic and/or predictive
biomarkers. The inhibition of epidermal growth factor re-
ceptor (EGFR), vascular endothelial growth factor (VEGF),
or its receptors are two major targets that had received
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more attention. In many types of other malignancies like
cervix, lung, colorectal, and gastric cancers, the prognos-
tic value of VEGF expression had been mentioned (5, 6).
Ramakrishnan et al. argued that up-regulation of VEGF is
an important event after hypoxic conditions (7). The re-
sult of this action is producing new vessels. Capillary per-
meability is another effect of VEGF expression; thus, malig-
nant cells migrate and infiltrating foci will be constructed
(8, 9). As it was said, VEGF has an important role for pro-
gression, metastasis (10), and angiogenesis; hence, expres-
sion of VEGF is associated with dismal prognosis in many
cancers. Increasing in oxygen delivery, chemotherapeutic
agents’ transportation and normalization of tumor ves-
sels are the results of VEGF blockage (10). Also, it is said
that VEGF is a survival factor, as tumor cells and endothe-
lial cells are protected by this factor against acidosis or hy-
poxia (11, 12). By the way, VEGF protects tumor cells against
apoptosis induced by chemotherapy (13).

The aim of this article was to determine the prevalence
of the VEGFR in transitional cell carcinoma of bladder and
its relationship with other prognostic factors.

2. Methods

This cross sectional study has been conducted on 61 pa-
tients, who had transitional cell carcinoma of bladder by
their pathology reports. Inclusion criteria were all adult
patients (females and males) with documented TCC ac-
cording to their biopsy or surgical reports, who had been
referred to the Labbafinezhad Hospital in Tehran, Iran be-
tween 2007 and 2010. Exclusion criteria were tumors of
the bladder other than TCC such as squamous cell carci-
noma, adenocarcinoma, adenosquamous cell carcinoma,
and melanoma, or any benign conditions as well as any un-
clear data in their records.

The sample size calculation was 61 cases according to
this formula:

(1)n =
z2p (1− p)

d2

Where n = sample size, z = the appropriate value from
the normal distribution for 95% confidence (1.96), p = he
anticipated prevalence, and d = confidence interval.

The sampling method was done based on a nonproba-
bility type, as convenience sampling.

The records of the patients, who had been referred
to the urology ward from 2007 to 2010, were carefully
screened by two of our co-workers according to the inclu-
sion criteria and after data collection, TCC blocks’ from
radical cystectomies (RC) were selected for further inves-
tigation and determination by two separate and speci-
fied pathologists. The mouse monoclonal anti-VEGF (Dako,
Denmark) were used for staining and after using immuno-
histochemistry (IHC) techniques; the positive results were
at least 10% staining of the blocks.

As mentioned for data collection, 61 patients after ad-
mittance had TCC of bladder according to their surgeries
(RC). The samples have been determined by IHC for VEGF
expression, and the other prognostic factors such as gen-
der, age, grading, lymphovascular or perineural invasion,
and their staging according to tumor -node- metastasis
(TNM) staging were studied for the detection of any rela-
tionship with this expression. Based on grading, low grade
tumors were G1 and G2, and high grade tumors were G3.

Written informed consent was obtained from all pa-
tients after the approval of the study by the Ethical Com-
mittee of Shahid Beheshti University of Medical Sciences
under code ir.sbmu.unrc.87411.11.

The relationship of VEGF and the prognostic factors
was determined by the Fisher’s Exact and Chi-square for
data analyzing. The SPSS software version was 17, and the P
value for statistical significance was recognized as P < 0.05.

3. Results

Records of 61 patients were studied (57 men and 4
women). The mean age of both genders were 64± 19 years
old. The mean age of men and women was 64.26 and 63.25,
respectively. Totally, 8 patients (13.1%) were VEGFR positive.
The mean age of VEGFR positive patients and VEGFR nega-
tive patients was 62.9 ± 10.6 and 64.4 ± 10.5, respectively.
There was no significant relation between age and expres-
sion of VEGFR (P = 0.9). In VEGFR positive group, 7 patients
(87.5%) were male and 1 patient (12.5%) was female. There
was no significant relationship between the expression of
VEGF and gender (P = 0.4). Based on the depth of invasion
in positive receptors, 3 patients (37.5%) were T3 (invasion to
perivesical tissue) and 2 patients (25%) were T4 (invasion
to any of the following organs: Prostatic stroma, uterus,
vagina, pelvis, or abdominal wall), but 11 (20.8%) and 4 pa-
tients (7.6%) in VEGFR negative group were T3 and T4, re-
spectively; so, there was no significant association between
expression of VEGFR and depth of invasion (P = 0.1). Among
positive results for VEGFR, in 5 patients (62.5%), regional
lymph nodes could not be assessed (Nx). Also, in the rest
of them, 3 patients (37.5%) did not have any regional lymph
nodes metastasis (N0). For negative receptors, 40 patients
(75.5%) were Nx, 10 cases (18.7%) were N0, 2 cases (3.8%) and
1 patient (1.9%) were N1 and N2, respectively. Again, there
was not any intercommunication between VEGFR expres-
sion and regional lymph nodes metastasis (P = 0.6). None
of the positive receptor patients had G1 grading, but 4 pa-
tients (50%) were G2 and the rest of them were G3, and for
the negative receptor patients, the results were as follow: 6
patients (11.3%), 10 patients (18.7%), and 37 cases (69.8%) were
G1, G2 and G3, respectively. In this sense, no significant rela-
tion was detected between grading of the tumor and posi-
tive VEGFR expression (P = 0.1). Totally, 23 patients had lym-
phovascular invasion. In positive VEGFR group, 2 patients
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(25%) had lymphovascular invasion and in another group,
21 patients (39.6%) had this type of invasion. As we saw, no
significant relationship was detected between lymphovas-
cular invasion and expression of this receptor (P = 0.4). En-
tirely, perineural invasion was detected in 13 patients; 3 pa-
tients (37.5%) in VEGFR expression and 10 patients (18.7%) in
non VEGFR expression had this type of invasion, but again
no significant association was seen (P = 0.2) (Table 1).

4. Discussion

The findings of this study revealed that expression of
the VEGFR was seen only in 8 patients (13.1%) with TCC, and
there was no significant relationship between this expres-
sion and the other prognostic factors such as age, gender,
invasion of the tumor into the layers, involving the lymph
nodes, grading and lymphovascular or perineural inva-
sion. Vascular permeability factor (VPF) is another term of
VEGF expressed by most cancer cell types. It is said that VPF
increases microvascular permeability about 50000 times
versus histamine (14). According to Bates, this factor has
an important role for neovascularization, invasion, and an-
giogenesis (15) and it is a critical part of tumor metastasis.
Over expression of VEGF in tissue, urine, and serum of pa-
tients with TCC has been confirmed and disease recurrence
or progression related with this issue (16). Findings of a
study conducted by Kopparapu et al. revealed that the ex-
pression of VEGF and its receptors are associated with re-
currence or stage (17). As they said, VEGF and VEGFR1 mRNA
levels were higher in TCC of bladder than normal mucosa
and surprising in non-muscle invasive bladder cancer, the
levels of VEGF, and its receptor, VEGFR1, were higher than
muscle invasive TCC, but expression of VEGFR2 was signifi-
cantly higher in muscle invasive TCC related to non-muscle
invasive bladder cancer and expression of all of them was
related with poorer recurrence free survival without any
statistical significance. Xia et al. showed that increasing in
VEGFR2 expression correlates with the factors that induced
progression of TCC of bladder such as invasion to the mus-
cle layer or disease stage (18). Finding of the present study
did not show any significant association between this ex-
pression and the depth of invasion; as we saw in positive
group expression, the rate of muscle invasion was zero. As
illustrated by Ahmed Nabeel, there was a significant effect
of tumor size (T) on the level of this expression. By the way,
the serum level of VEGF increased with the stage progres-
sion, so this overexpression was associated with the ad-
vance stage (19). Not only serum level, but also urinary level
of the VEGF was higher in patients with bladder cancer
than the healthy group; also, the recurrence rates of TCC
are higher parallel with the increased level of urinary VEGF
secretion (20). Again, in another study conducted by Rah-
mani et al. (21), expression of VEGF in the normal epithe-
lial cells of bladder was much lower than the tumor cells;

hence, a significant difference were seen between them
and this was not seen in our investigation. Many studies
had confirmed the VEGF expression associated with grade
and stage of the bladder malignancies (16, 22). This expres-
sion significantly increased when tumor grade progressed
(21). This finding is in contrast with our results, in which
no correlation was detected between grade of the tumor
and VEGF expression. An average expression of VEGF gene
in non-muscle invasive TCC of bladder was 4 times higher
than in muscle invasive tumors and 10 times higher than
normal urothelial epithelium, as illustrated in an article
(16). However, as concluded by Sato et al. (23), invasive
form of TCC expressed much more VEGF gene compared
with the superficial TCC. According to the results pf the cur-
rent research in positive expression group, invasion to the
muscular layer was zero, but for the superficial TCC, that
was much higher. Thus, there is controversy between these
studies. Also, in an article (23), researchers showed that
the expression of the VEGF gene correlated with the stage
of the tumor, but this association was not seen with the
grade. In another manuscript (19) that was examined on
serum levels of VEGF in patients’ bladder cancer, the sta-
tistical analysis showed important differences between the
level of VEGF in two groups, patients versus control group,
but there was not seen any correlation between age or gen-
der and VEGF expression. Despite our results, the expres-
sion of VEGF was associated on the basis of age or gender, as
indicated by Rahmani et al. (21). They concluded that there
was no significant difference of this expression among two
age groups under 50 years and above it only in females, but
in males, the expression of VEGF in the group with age of
50 ≤ was higher, compared with the other group (21). Re-
lationship between the expression of VEGF or its receptor
and lymphovascular or perneural space invasion in TCC of
bladder has not been studied anymore.

This study has some limitations. Firstly, the number of
patients was low and this can explain why we could not
find any relationship between VEGF expression with the
other prognostic factors. Secondly, some data like the exact
number of lymph node involvement or distant metastases
in the records were incomplete; thus, further researches in
this field need to be conducted with more patient samples
to determine this association. Also, record a complete and
comprehensive file for each patient is necessary.

4.1. Conclusions

The purpose of this study was to determine the preva-
lence of the VEGFR in transitional cell carcinoma of blad-
der and its relationship with other prognostic factors. The
main conclusion to be drawn from this study was that only
13.1% of all patients with TCC of bladder expressed VEGFR.
The following conclusions were the absence of any relation
between this expression with the other prognostic factors
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Table 1. VEGFR Expression and Other Prognostic Factors in 61 Patients with TCC

Prognostic Factor VEGFR Positivea VEGFR Negativea P Value

Age, y 8 (100) 53 (100) 0.88

≤ 60 4 (50) 24 (45.3)

> 60 4 (50) 29 (54.7)

Gender 8 (100) 53 (100) 0.46

Female 1 (12.5) 3 (5.7)

Male 7 (87.5) 50 (94.3)

Invasion 8 (100) 53 (100) 0.16

Lamina propria 3 (37.5) 16 (30.2)

Superficial muscle 0 (0) 12 (22.7)

Deep muscle 0 (0) 10 (18.7)

Perivesical tissue 3 (34.5) 11 (20.8)

Other organs 2 (25) 4 (7.6)

Primary Tumor 8 (100) 53 (100) 0.26

T1 2 (25) 18 (34)

T2 1 (12.5) 20 (37.7)

T3 3 (37.5) 9 (17)

T4 2 (25) 6 (11.3)

Regional lymph nodes 8 (100) 53 (100) 0.62

N0 3 (37.5) 10 (18.7)

N1 0 (0) 2 (3.8)

N2 0 (0) 1 (1.9)

Nx 5 (62.5) 40 (75.5)

Distant metastasis 8 (100) 53 (100) 0.85

M0 0 (0) 1 (1.9)

M1 0 (0) 1 (1.9)

Mx 8 (100) 51 (96.2)

Grade 8 (100) 53 (100) 0.12

G1 0 (0) 6 (11.3)

G2 4 (50) 10 (18.7)

G3 4 (50) 37 (69.8)

LVI 8 (100) 53 (100) 0.42

Positive 2 (25) 21 (39.6)

Negative 6 (75) 32 (60.4)

PNI 8 (100) 53 (100) 0.23

Positive 3 (37.5) 10 (18.7)

Negative 5 (62.5) 43 (81.2)

Abbreviations: LVI, Lymphovascular invasion; PNI, Perineural invasion; TCC, transitional cell carcinoma; VEGF, Vascular Endothelial Growth Factor.
a Data are expressed as No. (%).

such as age, gender, staging, and invasion to vascular or
perineural space.
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