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Introduction
Colorectal cancer is the fourth most common cancer in men 
and the third most common cancer in women worldwide and 
significant international variations in the distribution of colorectal 
cancer have been observed [1], the progressive extension of the 
Western culture (the essence of "globalization") may lead to a 

sharp increase in CRC incidence in many countries in the Third 
World [2]. 

Tumors stimulate the growth of host blood vessels, a process 
called angiogenesis, which is essential for supplying nutrients 
of the tumor. Tumors cannot enlarge beyond 1 to 2 mm in 
diameter or thickness unless they are vascularized. Beyond this 
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Abstract
Background: In Egypt, there is an increasing incidence of colorectal cancer (CRC), 
especially among patients under 40 years of age, affecting a very important age 
group in our community. The basic pathogenic step in the process of tumor 
growth, invasion and metastasis is tumor induced angiogenesis. The aim of this 
study was to evaluate the angiogenesis in colorectal carcinoma by detect the 
expression of VEGF vascular endothelial growth factor and micro vascular density 
(MVD) determination with IHC (immunohistochemistry) method and to determine 
if and how angiogenesis correlates with clinicopathologic parameters.

Methods and findings: Sixty five archival, paraffin embedded tissue samples 
of colorectal carcinoma from Pathology Lab of Suez Canal University Teaching 
Hospital (Egypt) with complete follow-up files in Oncology Unit from. VEGF and 
micro vessels were identified immunohistochemically, using monoclonal VEGF 
antibody and CD34 antibody, respectively. VEGF IHC expression was positive in 
94.7% of cases and MVD ranged from 9 to 42 mean 24.55 ± 13.79. A significant 
positive relation was found between VEGF expression; and histological type, 
tumor grade, lymph node (LN) involvement, UICC TNM classification, perineural 
and lympho-vascular invasions (p<0.05). A significant positive relation was found 
between VEGF expression and MVD (p<0.001). There is a significant correlation 
has been found between MVD and size of the tumor, histological subtype, tumor 
grade, LN involvement, UICC TNM classification, vascular and perineural invasion 
and survival (p<0.05).

Conclusions: This study has highlighted the prognostic significance of VEGF and 
MVD to predict survival in CRC patients, as well as some of traditional prognostic 
factors as tumor histologic type, tumor size, tumor grade, LN involvement, tumor 
stage and lympho-vascular and perineural invasion to identify patients at high risk 
for relapse who may benefit from adjuvant treatment including new therapeutic 
strategies in the future.
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size the tumor fails to enlarge without vascularization because of 
hypoxia-induced cell death. Angiogenesis is a requisite not only 
for continued tumor growth but also for metastasis [3]. 

The development of blood vessels within the tumor mass is 
regulated by the production of several growth factors and growth 
inhibitors [4]. In this respect, different growth factors, such as 
β-transforming growth factor (β -FGF), vascular endothelial 
growth factor (VEGF) and transforming growth factor-α (TGF- α), 
have been identified as positive regulators of angiogenesis and 
are secreted by cancer cells to stimulate normal endothelial cell 
growth through paracrine mechanisms [5].

Enhanced expression of VEGF has been observed in human 
cancer cell lines and in cancer patients with different 
malignancies including colorectal, breast, non-small cell lung 
and ovarian cancers and is directly correlated with increased 
neovascularization, as measured by MVD within the tumor [6].

CD34 is a glycosylated type-I trans membrane protein which is 
expressed on hematopoietic stem cells, committed hematological 
progenitor cells, small vessel endothelial cells, tumors of epithelial 
origin and a limited number of other cell populations including 
some hematological malignancies [7].

Several studies have noted that MVD and expression of VEGF 
correlates with stage of disease and histological grade of tumor 
[6,8,9]. 

In this study, we investigated correlation of the expression of the 
VEGF and MVD and grade in the tumor tissue of patients with 
colorectal carcinoma as biological and molecular prognostic 
factors to identify patients at high risk for relapse who may benefit 
from adjuvant treatment including new therapeutic strategies in 
the future.

Patients and Methods
Study population and tumor specimens
The tumor specimens from the patients resected for CRC paraffin 
blocks were collected from archives of Pathology Laboratory of 
Suez Canal Teaching Hospital and had complete follow-up files in 
the Oncology Unit in Suez Canal Teaching Hospital. All the patients 
were staged according to operative and pathological findings with 
UICC TNM classification. The clinical and pathological data were 
collected from medical records, pathology referred report and 
pathology reports. Follow-up data were obtained from Oncology 
Unit files. All the patients were observed at least for 36 months 
after surgery.

The clinical and pathological data included: age, sex, site and size 
of the tumor, histologic type and grade of the tumor, stage of 
the patients, surgical margins, lympho-vascular and perineural 
invasions.

The tumors were categorized according to the (WHO) classification 
[10]. Histological types of tumors were classical, signet ring and 
mucinous variants. The grade of classical type tumors (well, 
moderately and poorly differentiated) was also determined.

Immunohistochemical staining
Briefly, immunostaining was performed using streptavidin-biotin 
immunoperoxidase complex method with 4-mm thick sections 
which have been deparaffinized and heated in 0.01 M citrate 
buffer solution (pH=6) for 15 min for antigen retrieval. For VEGF 
the slides were boiled in 1mM EDTA, pH 8.0 in a microwave at 
1000 w for 5 minutes followed by cooling at room temperature 
for 20 minutes. Sections were then incubated overnight with 
anti-VEGF monoclonal antibody AB-1 (Rabbit IgG) (Neomarker).

For CD34 the slides were boiled in the citrate buffer solution pH 
6.0 in a microwave at 1000 w for 9 minutes (3 minutes × 3 cycles), 
followed by cooling at room temperature for 20 minutes. Sections 
were then incubated overnight with anti- CD34 Ab-1 (endothelial 
cell marker) (Clone QBEnd/10) (Mouse MAb IgG) (Neomarker). 
After conjugation with streptavidin-biotin peroxidase complex 
(broad spectrum LAB-SA detection system, Invitrogen), 3, 
3-diaminobenzidine (DAB, Sigma-Aldrich, MO, USA) was used as a 
chromogen and Mayer’s hematoxylin was used as a counterstain.

Evaluation of VEGF expression
The percentage of positive cells assessed as follows:

Grade 0: 1-5% of positive cells, Grade I: 6-25% of positive cells, 

Grade II: 26-50% of positive cells, Grade III: 51-75% of positive 
cells, 

Grade IV: >75% of positive cells. Furthermore, the qualitative 
intensity of staining for VEGF was assessed as mild, moderate and 
strong intensity. 

Evaluation of CD34 expression
Criteria for vessel counting were those established by Weinder 
et al. [11]. Any single brown staining endothelial cell or small 
clusters of brown staining endothelial cells, with or without a 
lumen were considered as individual vessels. We were blinded 
to all clinical and pathological data. Slides were examined at 
low power magnification (40X) to identify the areas of greater 
concentration of stained vessels "hot spots"; three areas with the 
highest concentration of micro vessels were selected. Each area 
was evaluated with one high power (400X) field in such a way as 
to include the maximum number of micro vessels. The highest 
value obtained among the three fields was reported for analysis.

Statistical analysis
Results were collected and expressed as the mean ± SD. Results 
were analyzed using The Statistical Package for the Social Sciences, 
version 15 (SPSS Software, SPSS Inc., Chicago, USA). Descriptive 
analysis of data was carried out using the frequencies, mean 
and median of the relevant data. Relation between the different 
prognostic and predictive factors was calculated using the Chi-
square test. All p-values resulted from two-sided statistical tests 
and p<0.05 was considered to be significant.

Results
In the current study the expression of VEGF and neovascularization 
were carried out on 56 cases of CRC patients. The tumor 
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specimens from the patients resected for CRC paraffin blocks 
were collected from archives of Pathology Laboratory of Suez 
Canal Teaching Hospital and had complete follow-up files in 
the Oncology Unit. All the patients were staged according to 
operative and pathological findings with UICC TNM classification.

The clinical data were collected from medical records and 
pathology reports. Follow-up data were obtained from Oncology 
Unit files. All the patients were observed at least 36 months 
after surgery. All the patients received the same regimen of 
chemotherapy after the surgery in the Oncology Unit in Suez Canal 
Teaching Hospital. The main clinicopathological characteristics 
of our patients are summarized in Table 1. All the patients were 
observed for at least 36 months after surgery and the 3-years 
overall survival rate was 33.9% with a median duration 20 
months with range (7-36) months, the results of follow up were 
as showed in Table 1.

Immunohistochemical staining results
VEGF expression: Positive VEGF was found in 53 cases of 56 
patients (94.7%). Positive VEGF immunoreactivity was observed 
mainly in the cytoplasm of tumor cells. The intensity was moderate 
in most of cases. The percentage of positive cells assessed 
as Grade 0, I, II, III and IV. The distribution of VEGF expression 
among the studied tumor specimens illustrated in Histogram 1. 
The three negative cases (Grade 0) were all well differentiation 
adenocarcinoma. VEGF expression was more intense in poorly 
differentiated adenocarcinoma in comparison to other subtypes 
(p<0.05).

CD34 expression: In the current study, we used CD34 to highlight 
blood vessels; the size and morphology of vessels were variable. 
The distribution of angiogenesis in tumor was uneven and 
heterogeneous. MVD of 56 CRC patients were ranged from 9 to 
42 with mean 24.55 ± 13.79. According to the value of MVD, the 
studied group divided into two groups: low and high; the cut-
off point to distinguish low from high was 25, Histogram 2. In 
some cases MVD was low, while in other cases large vessels were 
abundant (Figure 1).

VEGF expression and its relation to other clinico-
pathological parameters
No significant statistical relation has been found between VEGF 
expression and sex or age of the patients (p>0.05). Also, there is 
no significant statistical relation has been found between VEGF 
expression and site and size of the tumor (p>0.05).

A significant positive relation was found between VEGF expression; 
and histological type, tumor grade, LN involvement, UTCC TNM 
classification, perineural and lympho-vascular invasions (p<0.05), 
Table 2.

Relationship between VEGF expression and survival showed a 
positive inverse relation and it was found to be highly statistically 
significant (p<0.01), Histograms 3 and 4.

Of the 56 cases included in the study 3 cases were negative for 
VEGF expression (Grade 0), a higher 3-year probability of disease 
free survival (DFS) was observed in VEGF (Grade 0) patients 

compared to VEGF positive patients and the difference between 
the 2 groups was found to be highly statistically significance 
(p<0.01).

Sixteen cases (28.6%) were VEGF Grade I, 14 cases of all 16 had 
long survival duration (30-36 months). 17 cases (28.6%) were 
VEGF Grade II, only 2 of them reached 30 months duration. 
VEGF Grade III and IV constituted together 20 cases of the whole 
studied group (35.7%) and 9 cases (45%) of them had survived 
for duration less than 12 months, another 9 cases had survived 
for duration between 12 and 18 months, only one case (VEGF 
Grade III) had survived for 25 months duration, while no case 
had reached the (30-36) months survival duration. A significant 
positive relation was found between VEGF expression and MVD 
(p<0.001), Histogram 5.

MVD determination in CRC specimens and its 
relation to other clinico-pathological parameters
MVD of 56 CRC patients were ranged from 9 to 42 with mean 
24.55 ± 13.79. The size and morphology of vessels were variable. 
The distribution of angiogenesis in tumor was uneven and 
heterogeneous. In some cases MVD was very low, while in other 
cases large vessels were abundant. No significant statistical 
relation has been found between MVD; and sex or age of the 
patients (p>0.05). There is a significant correlation has been 
found between MVD and size of the tumor, histological subtype, 
tumor grade, LN involvement, UTCC TNM classification, vascular 
and perineural invasion (p<0.05), Table 3.

Relationship between MVD and survival showed a positive 
relation (p<0.05), a higher 3-year probability of disease free 
survival (DFS) was observed in low MVD patients compared to 
high MVD patients and the difference between the 2 groups was 
found to be highly statistically significance (p<0.01), Table 4 and 
Histogram 6.

As for relation between survival and other studied prognostic 
factors a significant positive relations were found between 
survival and tumor histologic type, primary tumor size, tumor 
grade, LN involvement, tumor stage, perineural and lympho-
vascular invasions (p<0.05).

Discussion
In this study IHC was used to characterize the expression of VEGF 
as a highly specific inducer of angiogenesis and to study the 
relation between VEGF expression and angiogenesis measured 
by MVD and the survival in CRC patients.

In the present work 56 cases were eligible for the study, 30 males 
and 26 females. The age of the patients included in the study 
ranged from 22 to 82 years with a mean of 49.99 ± 15.7 years. 
This is consistent with the figures mentioned by Elattar [12], who 
reported that median age of CRC patients in Egypt is 48 years for 
both sexes. In the current study 30.4% of patients aged less than 
40 years, 42.8% between 40-60 years and 26.8% were aged above 
60 years; findings are not very different than those reported by 
Abdel-Rahman et al. [13] and Abou-Zeid et al. [14].

Soliman et al. [15] and Chan et al. [16] revealed that CRC in 
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Egypt has no age predilection and more than one-third of 
tumors affect a young population. The high prevalence in young 
people can neither be explained on a hereditary basis nor can 
it be attributed to bilharziasis. However, more advanced studies 
based on molecular analysis concerning this point are lacking in 
the Egyptian population. Abou-Zeid et al. [14] and Chan et al. 
[16], speculate that increasing industrialization and urbanization 
unaccompanied by adequate protective measures contribute to 
the large bowel cancer problem in Egypt as in many developing 
countries. The wastes and byproducts of such processes can act 
as colorectal carcinogens. 

Soliman et al. [15] found frighteningly high levels of organochlorine 
(OC) pesticides in the serum of Egyptian CRC patients. Similarly, 
other investigators have found that different chemicals and 
insecticides pollute water and sediments [17-19].

Among the 56 CRC patients for whom follow up data were 
available; the 3-years overall survival rate was 33.9% with a 
range of (7-36) months and a median duration 20 months. In 
the current study, moderate cytoplasmic positivity for VEGF was 
observed in 53 cases of 56 patients (94.7%). Positive VEGF IHC was 
observed mainly in the cytoplasm of tumor cells. The intensity 
was moderate in most of cases. Grade 0 constituted 5.5%, grade 
I: 28.5%, grade II: 30.4%, grade III: 7% and grade IV: 28.6%.

There was no significant relation between VEGF expression and 
both sex and age of the patients. These observations do agree 
with most of other studies [6,20-23] while disagree with Ref. [24] 
who identified significant relation between VEGF expression and 
patients’ gender and age.

In our study VEGF appeared to be more expressed in larger tumor 
size (≥ 5 cm), but there was no significant relation between VEGF 
expression and size of the tumor, an observation is similar to 
Zhong et al., Hanrahan et al. and Galizia et al. [21,25,26] and 
different from other studies where a significant relation was 
found between the expression of VEGF and primary tumor size 
[27].

In the current study there was a significant relation between 
VEGF expression and histologic type of the tumor. VEGF was 
more expressed in poorly differentiated adenocarcinoma, an 
observation is similar to Zheng et al. [6]. Among the 56 CRC 
patients, positive VEGF expression was found in 94.7% of cases. 
The three negative cases (Grade 0) were all well differentiation 
adenocarcinoma. VEGF expression was more intense in moderate 
and poorly differentiated adenocarcinoma in comparison to other 
well differentiated tumors. A similar observation also reported by 
other investigators Zheng et al., Jia et al. and Xu et al. [6,22,28]. 

There was a significant relation between VEGF expression and 
tumor grade, an observation matching with other studies as van 
Triest et al. [24] and the Hanrahan et al. [21] who identified that 
VEGF expression correlated significantly with tumor grade.

In our study, VEGF expression related significantly with LN 
involvement an observation is agreed with other workers 
[22,27,29,30]. 

VEGF expression also related significantly with the tumor stage, in 

current study we used UICC TNM classification, a result matches 
with Minagawa et al. [29], Jia et al., Xu et al. [28] and Saumaoro 
et al. [22,27].

In the present study a significant relation was found between the 
expression of VEGF and invasion of structures lympho-vascular 
and perineural invasions an observation previously noted in 
other works [20,24,27].

In our study, a significant relation was found between VEGF 
expression and MVD, the same result as Ref. [6,26,31,32].

In the current study VEGF expression was inversely related with 
prognosis, similarly as the Maeda et al., White et al., Ellis, Galizia 
et al. and Boxer et al. [26,30-33].

Of the 56 cases included in the study 3 cases were negative for 
VEGF expression (Grade 0), all these cases had long survival 
duration between 30 and 36 months. These 3 cases also were 
all of well differentiated adenocarcinoma type. VEGF Grade I 
constituted 28.6% of the studied group and 14 cases of all 16 had 
long survival duration (30-36 months).

VEGF Grade III and IV constituted together 20 cases of the whole 
studied group (35.7%) and according to duration of survival 
9 cases (45%) of them had survived for duration less than 12 
months, another 9 cases had survived for duration between 12 
and 18 months, only one case (VEGF Grade III) had survived for 25 
months duration, while no case had reached the (30-36) months 
survival duration.

Eleven cases of the patients had VEGF Grade III and IV were 
under the age of 40 years old (55%) and 6 patients were older 
than 60 years old. The patient in both age groups had low survival 
durations (less than 18 months). Of the whole 20 cases had VEGF 
Grade III and IV, 9 cases (45%) were moderately differentiated 
adenocarcinoma, 7 cases were mucinous adenocarcinoma, 3 
cases were poorly differentiated adenocarcinoma and only one 
case were well differentiated adenocarcinoma. The small number 
of poorly differentiated adenocarcinoma and the relatively large 
number of moderately differentiated adenocarcinoma included 
in the study may be the cause of this observation.

Fourteen cases had VEGF Grade III and IV was in stage III (UICC 
TNM classification) and 5 cases were in stage II and the patient in 
both two stages (II and III) had low survival durations. While only 
one case was in stage I.

In the present study MVD of 56 CRC patients were ranged from 
9 to 42 with mean 24.55 ± 13.79. There was no statistically 
significant relation between MVD and both age and sex. A similar 
observation also reported by other investigators [6,26].

There was a significant relation between MVD and size and 
histologic type of the tumor, an observation is similar to Ref. 
[6,28]. A significant relation was found between the MVD and 
tumor grade an observation is matching with the Zheng et al. [6].

Looking for the LN involvement, MVD was significantly related to 
LN metastasis, this result is the same as the Nakasaki et al. [34] 
and Xu et al. [28]. MVD also related significantly with the tumor 
stage (UICC TNM classification) a result matches with Xu et al. 
[28]. 
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In the present study a significant relation was found between 
MVD and invasion of structures lympho-vascular and perineurial 
invasions, an observation is similar to Ref. [35,36].

In this study, MVD was inversely related to survival, an observation 
is similar to other workers Zheng et al., Ellis, Galizia et al. and 
Boxer et al. [6,26,31,32]. MVD was significantly higher in tumors 
that were VEGF-positive than in other tumors a result matches 
with Maeda et al. [33] and Zheng et al. [6].

As for relation between survival and other studied prognostic 
factors significant positive relations were found between survival 
and tumor histologic type, primary tumor size, tumor grade, 
LN involvement, tumor stage lympho-vascular and perineural 
invasions. While sex, age, site of primary tumor and lympho-
vascular and perineural invasions appeared to had no significant 
positive relations with survival.

As for tumor size, we found that tumor larger than 5 cm had a 
significant statistical relation with survival; a finding consisted 
with other investigators [37,38]. 

In the current study site of primary tumor had no significant 
statistical relation with survival, same result was reported by 
Petersen et al. [39]. As a prognostic factor the site of the tumor 
remains controversial. In one large study, lesions located in the 
left colon had the most favorable prognosis, whereas those 
situated in the sigmoid colon and rectum had the worst outcome. 
In another series, the diagnostic significance of tumor location 
was found to be minimal [40]. A study with long term follow-
up, showed a greater propensity of left-sided lesions for late 
recurrences [41].

In the present work histological type of the tumor had a 
significant statistical relation with survival; a finding is similar to 
other workers (Assad et al.) [38]. Many investigators reported 
that mucinous carcinoma, signet ring carcinoma and anaplastic 
carcinoma have a worse prognosis than the ordinary type of 
adenocarcinoma, (AJC category IIB) [42].

In the present work tumor grade had a significant statistical 
relation with survival, a finding that is consisted with (Newland 
et al.) [37]. Grading of CRCs provides a good key to histological 
behavior and prognosis. Chapius et al. [43] and Jass et al. [44] 
found 5-year survival rates of 62% to 83% for grade I, 43% to 63% 
for grade II and 11% to 42% for grade III. 

In the present work LN involvement had a significant statistical 
relation with survival; a finding is similar to other investigators 
[37,45]. It has been claimed that once the tumor has spread to 
the LN, the 5-year survival rate drops sharply (AJC category I). 
The location and extent of LN involvement are also significant. 
The greater the number of lymph nodes involved, the worse the 
prognosis [46,47].

In the present work tumor stage had a significant statistical 
relation with survival, this result is in agreement with the results 
of other authors investigating the relation between survival in CRC 
patients and stage of the tumor using (UICC TNM classification) 
[22,27,28].

In the present work lympho-vascular and perineural invasions 

appeared to have a significant statistical relation with survival, a 
finding is similar to other investigators [24,26,27,48].

Because of the persuasive data demonstrating the importance 
of VEGF in tumor angiogenesis, an abundance of studies have 
examined the prognostic value of VEGF expression, tumor vessel 
count in colon cancer [49]. Using IHC staining of human colon 
carcinomas, Takahashi et al. [50] observed a significant correlation 
between the intensity of staining for VEGF and metastatic disease. 
Also observed that vessel count correlated significantly with 
expression of VEGF, further implicating these parameters with 
prognosis. In another study a significant correlation between 
kinase domain region positive staining endothelial cells and 
metastatic disease was observed, results of the two studies are 
supporting the role of VEGF in colorectal cancer progression [51].

VEGF is the driving force behind angiogenesis in most solid 
malignancies. This also holds true for CRC, where increased levels 
of VEGF in primary cancers are associated with increased MVD 
and poor prognosis [26,31,32].

Another important clinical implication beyond prognosis is 
that VEGF may be a potentially useful target for pharmacologic 
inhibition of angiogenesis. CRC has been notoriously difficult 
to treat successfully. Despite numerous attempts at modifying 
existing therapeutic regimens or designing new ones, survival 
rates remain low. Nevertheless, studies demonstrate the 
continued progress that researchers are making in this area and 
highlight the advances in treatment [52].

Independent experimental studies have shown that it is 
possible to suppress tumor growth in vivo through inhibition of 
angiogenesis by blocking the biologic functions of VEGF [53].

Many preclinical studies with anti-angiogenic therapy (anti-VEGF 
therapy) in colorectal cancer models show that anti-angiogenic 
therapy can decrease tumor growth, vessel density, angiogenesis, 
vascular permeability, interstitial pressure and ascites. And also 
can increase the delivery of chemotherapy and oxygen making 
radiation therapy more effective. Most importantly, increase 
survival [54].

Colorectal cancer is the fourth most common cancer in men 
and the third most common cancer in women worldwide and 
significant international variations in the distribution of colorectal 
cancer have been observed [1], the progressive extension of the 
Western culture (the essence of "globalization") may lead to a 
sharp increase in CRC incidence in many countries in the Third 
World [2]. 

Tumors stimulate the growth of host blood vessels, a process 
called angiogenesis, which is essential for supplying nutrients 
of the tumor. Tumors cannot enlarge beyond 1 to 2 mm in 
diameter or thickness unless they are vascularized. Beyond this 
size the tumor fails to enlarge without vascularization because of 
hypoxia-induced cell death. Angiogenesis is a requisite not only 
for continued tumor growth but also for metastasis [3]. 

The development of blood vessels within the tumor mass is 
regulated by the production of several growth factors and growth 
inhibitors [4]. In this respect, different growth factors, such as 
β-transforming growth factor (β -FGF), vascular endothelial 
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growth factor (VEGF) and transforming growth factor-α (TGF- α), 
have been identified as positive regulators of angiogenesis and 
are secreted by cancer cells to stimulate normal endothelial cell 
growth through paracrine mechanisms [5].

Enhanced expression of VEGF has been observed in human 
cancer cell lines and in cancer patients with different 
malignancies including colorectal, breast, non-small cell lung 
and ovarian cancers and is directly correlated with increased 
neovascularization, as measured by MVD within the tumor [6].

CD34 is a glycosylated type-I trans membrane protein which is 
expressed on hematopoietic stem cells, committed hematological 
progenitor cells, small vessel endothelial cells, tumors of epithelial 
origin and a limited number of other cell populations including 
some hematological malignancies [7].

Several studies have noted that MVD and expression of VEGF 
correlates with stage of disease and histological grade of tumor 
[6,8,9]. 

In this study, we investigated correlation of the expression of the 
VEGF and MVD and grade in the tumor tissue of patients with 
colorectal carcinoma as biological and molecular prognostic 
factors to identify patients at high risk for relapse who may benefit 
from adjuvant treatment including new therapeutic strategies in 
the future.

Patients and Methods
Study population and tumor specimens
The tumor specimens from the patients resected for CRC paraffin 
blocks were collected from archives of Pathology Laboratory of 
Suez Canal Teaching Hospital and had complete follow-up files in 
the Oncology Unit in Suez Canal Teaching Hospital. All the patients 
were staged according to operative and pathological findings with 
UICC TNM classification. The clinical and pathological data were 
collected from medical records, pathology referred report and 
pathology reports. Follow-up data were obtained from Oncology 
Unit files. All the patients were observed at least for 36 months 
after surgery.

The clinical and pathological data included: age, sex, site and size 
of the tumor, histologic type and grade of the tumor, stage of 
the patients, surgical margins, lympho-vascular and perineural 
invasions.

The tumors were categorized according to the (WHO) classification 
[10]. Histological types of tumors were classical, signet ring and 
mucinous variants. The grade of classical type tumors (well, 
moderately and poorly differentiated) was also determined.

Immunohistochemical staining
Briefly, immunostaining was performed using streptavidin-biotin 
immunoperoxidase complex method with 4-mm thick sections 
which have been deparaffinized and heated in 0.01 M citrate 
buffer solution (pH=6) for 15 min for antigen retrieval. For VEGF 
the slides were boiled in 1mM EDTA, pH 8.0 in a microwave at 
1000 w for 5 minutes followed by cooling at room temperature 
for 20 minutes. Sections were then incubated overnight with 
anti-VEGF monoclonal antibody AB-1 (Rabbit IgG) (Neomarker).

For CD34 the slides were boiled in the citrate buffer solution pH 
6.0 in a microwave at 1000 w for 9 minutes (3 minutes × 3 cycles), 
followed by cooling at room temperature for 20 minutes. Sections 
were then incubated overnight with anti- CD34 Ab-1 (endothelial 
cell marker) (Clone QBEnd/10) (Mouse MAb IgG) (Neomarker). 
After conjugation with streptavidin-biotin peroxidase complex 
(broad spectrum LAB-SA detection system, Invitrogen), 3, 
3-diaminobenzidine (DAB, Sigma-Aldrich, MO, USA) was used as a 
chromogen and Mayer’s hematoxylin was used as a counterstain.

Evaluation of VEGF expression
The percentage of positive cells assessed as follows:

Grade 0: 1-5% of positive cells, Grade I: 6-25% of positive cells, 

Grade II: 26-50% of positive cells, Grade III: 51-75% of positive 
cells, 

Grade IV: >75% of positive cells. Furthermore, the qualitative 
intensity of staining for VEGF was assessed as mild, moderate and 
strong intensity. 

Evaluation of CD34 expression
Criteria for vessel counting were those established by Weinder 
et al. [11]. Any single brown staining endothelial cell or small 
clusters of brown staining endothelial cells, with or without a 
lumen were considered as individual vessels. We were blinded 
to all clinical and pathological data. Slides were examined at 
low power magnification (40X) to identify the areas of greater 
concentration of stained vessels "hot spots"; three areas with the 
highest concentration of micro vessels were selected. Each area 
was evaluated with one high power (400X) field in such a way as 
to include the maximum number of micro vessels. The highest 
value obtained among the three fields was reported for analysis.

Statistical analysis
Results were collected and expressed as the mean ± SD. Results 
were analyzed using The Statistical Package for the Social Sciences, 
version 15 (SPSS Software, SPSS Inc., Chicago, USA). Descriptive 
analysis of data was carried out using the frequencies, mean 
and median of the relevant data. Relation between the different 
prognostic and predictive factors was calculated using the Chi-
square test. All p-values resulted from two-sided statistical tests 
and p<0.05 was considered to be significant.

Results
In the current study the expression of VEGF and neovascularization 
were carried out on 56 cases of CRC patients. The tumor 
specimens from the patients resected for CRC paraffin blocks 
were collected from archives of Pathology Laboratory of Suez 
Canal Teaching Hospital and had complete follow-up files in 
the Oncology Unit. All the patients were staged according to 
operative and pathological findings with UICC TNM classification.

The clinical data were collected from medical records and 
pathology reports. Follow-up data were obtained from Oncology 
Unit files. All the patients were observed at least 36 months 
after surgery. All the patients received the same regimen of 
chemotherapy after the surgery in the Oncology Unit in Suez Canal 
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Teaching Hospital. The main clinicopathological characteristics 
of our patients are summarized in Table 1. All the patients were 
observed for at least 36 months after surgery and the 3-years 
overall survival rate was 33.9% with a median duration 20 
months with range (7-36) months, the results of follow up were 
as showed in Table 1.

Immunohistochemical staining results
 VEGF expression: Positive VEGF was found in 53 cases of 56 
patients (94.7%). Positive VEGF immunoreactivity was observed 
mainly in the cytoplasm of tumor cells. The intensity was moderate 
in most of cases. The percentage of positive cells assessed 
as Grade 0, I, II, III and IV. The distribution of VEGF expression 
among the studied tumor specimens illustrated in Histogram 1. 
The three negative cases (Grade 0) were all well differentiation 
adenocarcinoma. VEGF expression was more intense in poorly 
differentiated adenocarcinoma in comparison to other subtypes 
(p<0.05).

5.1.2 CD34 expression: In the current study, we used CD34 to 
highlight blood vessels; the size and morphology of vessels were 
variable. The distribution of angiogenesis in tumor was uneven 
and heterogeneous. MVD of 56 CRC patients were ranged from 
9 to 42 with mean 24.55 ± 13.79. According to the value of MVD, 
the studied group divided into two groups: low and high; the cut-
off point to distinguish low from high was 25, Histogram 2. In 
some cases MVD was low, while in other cases large vessels were 
abundant (Figure 1).

VEGF expression and its relation to other clinico-
pathological parameters
No significant statistical relation has been found between VEGF 
expression and sex or age of the patients (p>0.05). Also, there is 
no significant statistical relation has been found between VEGF 
expression and site and size of the tumor (p>0.05).

A significant positive relation was found between VEGF expression; 
and histological type, tumor grade, LN involvement, UTCC TNM 
classification, perineural and lympho-vascular invasions (p<0.05), 
Table 2.

Relationship between VEGF expression and survival showed a 
positive inverse relation and it was found to be highly statistically 
significant (p<0.01), Histograms 3 and 4.

Of the 56 cases included in the study 3 cases were negative for 
VEGF expression (Grade 0), a higher 3-year probability of disease 
free survival (DFS) was observed in VEGF (Grade 0) patients 
compared to VEGF positive patients and the difference between 
the 2 groups was found to be highly statistically significance 
(p<0.01).

Sixteen cases (28.6%) were VEGF Grade I, 14 cases of all 16 had 
long survival duration (30-36 months). 17 cases (28.6%) were 
VEGF Grade II, only 2 of them reached 30 months duration. 
VEGF Grade III and IV constituted together 20 cases of the whole 
studied group (35.7%) and 9 cases (45%) of them had survived 

for duration less than 12 months, another 9 cases had survived 
for duration between 12 and 18 months, only one case (VEGF 
Grade III) had survived for 25 months duration, while no case 
had reached the (30-36) months survival duration. A significant 
positive relation was found between VEGF expression and MVD 
(p<0.001), Histogram 5.

A1 A case of well differentiated adenocarcinoma, 
grade I, H&E X100; A2 VEGF IHC expression of the 
previous case, all the neoplastic cells are negative. 
VEGF immunostaining X200; B1 A case of moderate 
differentiated adenocarcinoma, grade II. H&E 
X200; B2 Low power magnification of previous 
case showing VEGF Grade IV, moderate VEGF 
cytoplasmic positivity of more than 75% of the 
neoplastic cells and also there are many positive 
malignant cells infiltrated surrounding stroma. 
VEGF immunostaining X40; B3 CD34 expression 
of the same case, showing a high number of 
MVD in tumor tissue. CD34 immunostaining X40; 
C Low power view of moderate differentiated 
adenocarcinoma, grade II showing VEGF Grade 
IV, moderate VEGF cytoplasmic positivity of >75% 
of neoplastic cells and many positive malignant 
cells infiltrated surrounding stroma. DAB, VEGF 
immunostaining X40

D1 A case of mucinous adenocarcinoma. H&E 
X100; D2 Same case showing VEGF Grade III. VEGF 
immunostaining X400.

Figure 1
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 MVD determination in CRC specimens and its 
relation to other clinico-pathological parameters
MVD of 56 CRC patients were ranged from 9 to 42 with mean 
24.55 ± 13.79. The size and morphology of vessels were variable. 
The distribution of angiogenesis in tumor was uneven and 
heterogeneous. In some cases MVD was very low, while in other 
cases large vessels were abundant. No significant statistical 
relation has been found between MVD; and sex or age of the 
patients (p>0.05). There is a significant correlation has been 

found between MVD and size of the tumor, histological subtype, 
tumor grade, LN involvement, UTCC TNM classification, vascular 
and perineural invasion (p<0.05), Table 3.

Relationship between MVD and survival showed a positive 
relation (p<0.05), a higher 3-year probability of disease free 
survival (DFS) was observed in low MVD patients compared to 
high MVD patients and the difference between the 2 groups was 
found to be highly statistically significance (p<0.01), Table 4 and 
Histogram 6.

As for relation between survival and other studied prognostic 
factors a significant positive relations were found between 
survival and tumor histologic type, primary tumor size, tumor 
grade, LN involvement, tumor stage, perineural and lympho-
vascular invasions (p<0.05).

Discussion
In this study IHC was used to characterize the expression of VEGF 
as a highly specific inducer of angiogenesis and to study the 
relation between VEGF expression and angiogenesis measured 
by MVD and the survival in CRC patients.

Distribution of VEGF expression among the studied 
tumor specimens.

Histogram 1
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28.6%
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Distribution of MVD value in the studied tumor 
specimens.

Histogram 2
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The relationship between VEGF expression and 
survival.

Histogram 3
 

Kaplan-Meire plots of DFS according to VEGF 
expression.

Histogram 4
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40 years, 42.8% between 40-60 years and 26.8% were aged above 
60 years; findings are not very different than those reported by 
Abdel-Rahman et al. [13] and Abou-Zeid et al. [14].

Soliman et al. [15] and Chan et al. [16] revealed that CRC in 
Egypt has no age predilection and more than one-third of 
tumors affect a young population. The high prevalence in young 
people can neither be explained on a hereditary basis nor can 
it be attributed to bilharziasis. However, more advanced studies 
based on molecular analysis concerning this point are lacking in 
the Egyptian population. Abou-Zeid et al. [14] and Chan et al. 
[16], speculate that increasing industrialization and urbanization 
unaccompanied by adequate protective measures contribute to 
the large bowel cancer problem in Egypt as in many developing 
countries. The wastes and byproducts of such processes can act 
as colorectal carcinogens. 

Soliman et al. [15] found frighteningly high levels of organochlorine 
(OC) pesticides in the serum of Egyptian CRC patients. Similarly, 
other investigators have found that different chemicals and 
insecticides pollute water and sediments [17-19].

Among the 56 CRC patients for whom follow up data were 
available; the 3-years overall survival rate was 33.9% with a 
range of (7-36) months and a median duration 20 months. In 
the current study, moderate cytoplasmic positivity for VEGF was 
observed in 53 cases of 56 patients (94.7%). Positive VEGF IHC was 
observed mainly in the cytoplasm of tumor cells. The intensity 
was moderate in most of cases. Grade 0 constituted 5.5%, grade 
I: 28.5%, grade II: 30.4%, grade III: 7% and grade IV: 28.6%.

There was no significant relation between VEGF expression and 
both sex and age of the patients. These observations do agree 
with most of other studies [6,20-23] while disagree with Ref. [24] 
who identified significant relation between VEGF expression and 
patients’ gender and age.

In our study VEGF appeared to be more expressed in larger tumor 
size (≥ 5 cm), but there was no significant relation between VEGF 
expression and size of the tumor, an observation is similar to 
Zhong et al., Hanrahan et al. and Galizia et al. [21,25,26] and 
different from other studies where a significant relation was 
found between the expression of VEGF and primary tumor size 
[27].

In the current study there was a significant relation between 
VEGF expression and histologic type of the tumor. VEGF was 
more expressed in poorly differentiated adenocarcinoma, an 
observation is similar to Zheng et al. [6]. Among the 56 CRC 
patients, positive VEGF expression was found in 94.7% of cases. 
The three negative cases (Grade 0) were all well differentiation 
adenocarcinoma. VEGF expression was more intense in moderate 
and poorly differentiated adenocarcinoma in comparison to other 
well differentiated tumors. A similar observation also reported by 
other investigators Zheng et al., Jia et al. and Xu et al. [6,22,28]. 

There was a significant relation between VEGF expression and 
tumor grade, an observation matching with other studies as van 
Triest et al. [24] and the Hanrahan et al. [21] who identified that 
VEGF expression correlated significantly with tumor grade.

In our study, VEGF expression related significantly with LN 

Patients' Characteristics Total Number
(56)

Sex
Male 30
Female 26

Age

<40 17
40-60 24
> 60 15
Age range (22-82) years
median age of 46.6 ± 4.3 year

Site

transverse colon 17
sigmoid 12
cecum 12
rectum 6
descending colon 5
ascending colon 4

Size

≥ 5cm 35
<5cm 21
Tumor size ranged from 2 to 22cm with a 
mean of 5.02 ± 4.01

Histological subtype

well differentiated 
adenocarcinoma 11

moderately differentiated 
adenocarcinoma 30

poorly differentiated 
adenocarcinoma 4

mucinous adenocarcinoma 10
signet-ring cell carcinoma 1

Grade
I 11
II 30
III 15

UICC TNM classification
I 14
II 26
III 16

lymph nodes metastasis
Positive 32

Negative 24

Surgical margins
Negative 53

Positive 3

Lympho-vascular 
invasion

Positive 30

Negative 26

Perineural invasion
Positive 24

Negative 32

Survival (months)

<12 13
≥ 12-18> 14
≥ 18-24> 6
≥ 24-30> 4
≥ 30-36 19

Table 1 Clinicopathologic characteristics of colon cancer cases.

In the present work 56 cases were eligible for the study, 30 males 
and 26 females. The age of the patients included in the study 
ranged from 22 to 82 years with a mean of 49.99 ± 15.7 years. 
This is consistent with the figures mentioned by Elattar [12], who 
reported that median age of CRC patients in Egypt is 48 years for 
both sexes. In the current study 30.4% of patients aged less than 
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involvement an observation is agreed with other workers 
[22,27,29,30]. 

VEGF expression also related significantly with the tumor stage, in 
current study we used UICC TNM classification, a result matches 
with Minagawa et al. [29], Jia et al., Xu et al. [28] and Saumaoro 
et al. [22,27].

In the present study a significant relation was found between the 

expression of VEGF and invasion of structures lympho-vascular 
and perineural invasions an observation previously noted in 
other works [20,24,27].

In our study, a significant relation was found between VEGF 
expression and MVD, the same result as Ref. [6,26,31,32].

In the current study VEGF expression was inversely related with 
prognosis, similarly as the Maeda et al., White et al., Ellis, Galizia 

Clinico-Pathological Parameter
VEGF EXPRESSION TOTAL

Grade 0 Grade I Grade II Grade III Grade IV No.
56 %

Histological Type

Well diff. 3 5 2 1 - 11 19.6
Mod. diff. - 10 11 2 7 30 53.6
Poorly diff. - - 1 1 2 4 7.1
Mucinous - 1 2 - 7 10 17.9
Signet-ring - - 1 - - 1 1.8

Tumor
Grade

I 3 5 2 1 - 11 19.6
II - 10 11 2 7 30 53.6
III - 1 4 1 9 15 26.8

LN involvement
+ve - 1 9 3 11 24 42.8
-ve 3 15 8 1 5 22 39.2

UTCC TNM 
classification

I 3 7 4 1 - 15 26.8

II - 9 12 - 5 26 46.4

III - - 1 3 11 15 26.8

Lympho-vascular 
invasion

-ve 3 14 6 1 2 26 46.4

+ve - 2 11 3 14 30 53.6

Perineural invasion
-ve 3 14 9 1 5 32 57.1
+ve - 2 8 3 11 24 42.9

Table 2 VEGF expression and its relation to clinico-pathological parameters.

Clinico-Pathological
Parameter

MVD TOTAL
Low
(<25)

High
(≥ 25)

No.
56 %

Size
≥ 5cm 9 30 39 69.6
<5cm 12 5 17 31.4

Histological Subtype

Well diff. 8 3 11 19.6
Mod. diff. 9 21 30 53.6
Poorly diff. - 4 4 7.1
Mucinous - 10 10 17.9
Signet-ring - 1 1 1.8

Tumor grade
I 8 3 11 19.6
II 9 21 30 53.6
III 0 15 15 26.8

LN involvement
+ve 0 24 24 42.9
-ve 17 15 32 57.1

UTCC TNM classification
I 8 7 15 26.8
II 9 17 26 46.4
III 0 15 15 26.8

Lympho-vascular 
invasion

-ve 16 10 26 46.4
+ve 1 29 30 53.6

Perineural invasion
-ve 16 16 32 57.1
+ve 1 23 24 42.9

Table 3 MVD expression and its relation to clinico-pathological parameters.
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et al. and Boxer et al. [26,30-33].

Of the 56 cases included in the study 3 cases were negative for 
VEGF expression (Grade 0), all these cases had long survival 
duration between 30 and 36 months. These 3 cases also were 
all of well differentiated adenocarcinoma type. VEGF Grade I 
constituted 28.6% of the studied group and 14 cases of all 16 had 
long survival duration (30-36 months).

VEGF Grade III and IV constituted together 20 cases of the whole 
studied group (35.7%) and according to duration of survival 
9 cases (45%) of them had survived for duration less than 12 
months, another 9 cases had survived for duration between 12 
and 18 months, only one case (VEGF Grade III) had survived for 25 
months duration, while no case had reached the (30-36) months 
survival duration.

Eleven cases of the patients had VEGF Grade III and IV were 
under the age of 40 years old (55%) and 6 patients were older 
than 60 years old. The patient in both age groups had low survival 
durations (less than 18 months). Of the whole 20 cases had VEGF 
Grade III and IV, 9 cases (45%) were moderately differentiated 
adenocarcinoma, 7 cases were mucinous adenocarcinoma, 3 
cases were poorly differentiated adenocarcinoma and only one 
case were well differentiated adenocarcinoma. The small number 
of poorly differentiated adenocarcinoma and the relatively large 
number of moderately differentiated adenocarcinoma included 
in the study may be the cause of this observation.

Kaplan-Meire plots of DFS according to MVD.Histogram 6
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Fourteen cases had VEGF Grade III and IV was in stage III (UICC 
TNM classification) and 5 cases were in stage II and the patient in 
both two stages (II and III) had low survival durations. While only 
one case was in stage I.

In the present study MVD of 56 CRC patients were ranged from 
9 to 42 with mean 24.55 ± 13.79. There was no statistically 
significant relation between MVD and both age and sex. A similar 
observation also reported by other investigators [6,26].

There was a significant relation between MVD and size and 
histologic type of the tumor, an observation is similar to Ref. 
[6,28]. A significant relation was found between the MVD and 
tumor grade an observation is matching with the Zheng et al. [6].

Looking for the LN involvement, MVD was significantly related to 
LN metastasis, this result is the same as the Nakasaki et al. [34] 
and Xu et al. [28]. MVD also related significantly with the tumor 
stage (UICC TNM classification) a result matches with Xu et al. 
[28]. 

In the present study a significant relation was found between 
MVD and invasion of structures lympho-vascular and perineurial 
invasions, an observation is similar to Ref. [35,36].

In this study, MVD was inversely related to survival, an observation 
is similar to other workers Zheng et al., Ellis, Galizia et al. and 
Boxer et al. [6,26,31,32]. MVD was significantly higher in tumors 
that were VEGF-positive than in other tumors a result matches 
with Maeda et al. [33] and Zheng et al. [6].

As for relation between survival and other studied prognostic 
factors significant positive relations were found between survival 
and tumor histologic type, primary tumor size, tumor grade, 
LN involvement, tumor stage lympho-vascular and perineural 
invasions. While sex, age, site of primary tumor and lympho-
vascular and perineural invasions appeared to had no significant 
positive relations with survival.

As for tumor size, we found that tumor larger than 5 cm had a 
significant statistical relation with survival; a finding consisted 
with other investigators [37,38]. 

In the current study site of primary tumor had no significant 
statistical relation with survival, same result was reported by 
Petersen et al. [39]. As a prognostic factor the site of the tumor 
remains controversial. In one large study, lesions located in the 
left colon had the most favorable prognosis, whereas those 
situated in the sigmoid colon and rectum had the worst outcome. 
In another series, the diagnostic significance of tumor location 
was found to be minimal [40]. A study with long term follow-
up, showed a greater propensity of left-sided lesions for late 
recurrences [41].

In the present work histological type of the tumor had a 
significant statistical relation with survival; a finding is similar to 
other workers (Assad et al.) [38]. Many investigators reported 
that mucinous carcinoma, signet ring carcinoma and anaplastic 
carcinoma have a worse prognosis than the ordinary type of 
adenocarcinoma, (AJC category IIB) [42].

In the present work tumor grade had a significant statistical 

SURVIVAL
(MONTHS)

MVD TOTAL
Low (<25) High (≥ 25) NO. %

<12 - 13 13 23.2
≥ 12-18> - 14 14 25
≥ 18-24> 1 5 6 10.7
≥ 24-30> - 4 4 7.1
≥ 30-36 16 3 19 34

Total 17 39 56 100

Table 4 Relation between MVD and survival.
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relation with survival, a finding that is consisted with (Newland 
et al.) [37]. Grading of CRCs provides a good key to histological 
behavior and prognosis. Chapius et al. [43] and Jass et al. [44] 
found 5-year survival rates of 62% to 83% for grade I, 43% to 63% 
for grade II and 11% to 42% for grade III. 

In the present work LN involvement had a significant statistical 
relation with survival; a finding is similar to other investigators 
[37,45]. It has been claimed that once the tumor has spread to 
the LN, the 5-year survival rate drops sharply (AJC category I). 
The location and extent of LN involvement are also significant. 
The greater the number of lymph nodes involved, the worse the 
prognosis [46,47].

In the present work tumor stage had a significant statistical 
relation with survival, this result is in agreement with the results 
of other authors investigating the relation between survival in CRC 
patients and stage of the tumor using (UICC TNM classification) 
[22,27,28].

In the present work lympho-vascular and perineural invasions 
appeared to have a significant statistical relation with survival, a 
finding is similar to other investigators [24,26,27,48].

Because of the persuasive data demonstrating the importance 
of VEGF in tumor angiogenesis, an abundance of studies have 
examined the prognostic value of VEGF expression, tumor vessel 
count in colon cancer [49]. Using IHC staining of human colon 
carcinomas, Takahashi et al. [50] observed a significant correlation 
between the intensity of staining for VEGF and metastatic disease. 
Also observed that vessel count correlated significantly with 

expression of VEGF, further implicating these parameters with 
prognosis. In another study a significant correlation between 
kinase domain region positive staining endothelial cells and 
metastatic disease was observed, results of the two studies are 
supporting the role of VEGF in colorectal cancer progression [51].

VEGF is the driving force behind angiogenesis in most solid 
malignancies. This also holds true for CRC, where increased levels 
of VEGF in primary cancers are associated with increased MVD 
and poor prognosis [26,31,32].

Another important clinical implication beyond prognosis is 
that VEGF may be a potentially useful target for pharmacologic 
inhibition of angiogenesis. CRC has been notoriously difficult 
to treat successfully. Despite numerous attempts at modifying 
existing therapeutic regimens or designing new ones, survival 
rates remain low. Nevertheless, studies demonstrate the 
continued progress that researchers are making in this area and 
highlight the advances in treatment [52].

Independent experimental studies have shown that it is 
possible to suppress tumor growth in vivo through inhibition of 
angiogenesis by blocking the biologic functions of VEGF [53].

Many preclinical studies with anti-angiogenic therapy (anti-VEGF 
therapy) in colorectal cancer models show that anti-angiogenic 
therapy can decrease tumor growth, vessel density, angiogenesis, 
vascular permeability, interstitial pressure and ascites. And also 
can increase the delivery of chemotherapy and oxygen making 
radiation therapy more effective. Most importantly, increase 
survival [54].
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