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Objective: Determine the relationship between vascular endothelial growth factor (VEGF) expression and microvascular
density (MVD) in primary colorectal cancer specimens including the prognostic value by evaluating the correlation between
various common reported prognostic histopathologic indictors and these two angiogenic parameters. The Inter-observer
reliability on VEGF and MVD measurement was also determined.
Material and Method: Anti-VEGF and anti-factor CD34 monoclonal antibodies immunohistochemical staining was
performed in 40 randomly selected formalin-fixed paraffin-embedded colorectal cancer specimens of non-stage-1V patients
who underwent curative resection using. Immunoreactive in 25% or more carcinoma cells was categorized as positive. The
intensity of VEGF expression was graded in a semiquantitative fashion, ranging from 0 to 2 Tumor MVD was determined
by counting any endothelial cells stained with CD34 per two randomly selected fields at x200 magnification in each slide.
The correlation between VEGF expression and MVD was evaluated. Inter-observer agreement was assessed by comparing
the results of VEGF and MVD measurements made by two pathologists.
Results: A moderate correlation was found between the percentage of positive immunoreactive cells and the intensity of
VEGF immunoreactive staining (correlation value of 0.436, p < 0.05). MVD was found having no correlation with both the
percentage of positive immunoreactive cells and intensity of VEGF immunoreactive staining (the correlation value of -0.056,
p=0.732and 0.108, p = 0.506, respectively). Neither MVD nor VEGF expression in primary colorectal cancer tissue was
found having a significant correlation with any common reported prognostic histopathologic indictors. In counting CD34-
stained endothelial cells, this study revealed a high intra-observer correlation coefficient of 0.886 (95% CI: 0.715-0.955)
for the first pathologist and 0.913 (95% CI: 0.782-0.965) for the second. High inter-observer reliability was found in both
MVD and VEGF measurement with a substantial agreement (agreement: 95%, kappa = 0.643) between the two pathologists.
Conclusion: In primary colorectal cancer tissues, there was no significant relationship between MVD and VEGF expression.
This study revealed a high intra and inter-observer reliability on VEGF and MVD measurement. Neither MVD nor VEGF
expression provided predictive value of advanced or aggressiveness of disease. Further studies on larger sample size would
help validate these results.
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The formation of new vessels (angiogenesis)
is an essential process for primary tumor growth and
distant metastasis'". Production of vascular endothelial
growth factor (VEGF), a key angiogenic factor, from
tumor cell promotes new vessels formation and tumor
progression!?). Several previous studies indicated
that high-serum VEGF levels predict aggressiveness

Correspondence to:

Anannamcharoen S, Department of Surgery, Phramongkutklao
Hospital, Bangkok 10400, Thailand.

Phone: 089-152-7058

E-mail: sahaphola@yahoo.com

J Med Assoc Thai Vol. 95 No. 8 2012

of disease and relate to outcomes following curative
surgery for colorectal cancer®”. Pertaining to primary
tumor tissues, VEGF expression and microvascular
density (MVD) in tumor tissues may be reliable
markers of tumor angiogenesis and relate to the
aggressiveness of the disease in an individual
patient similar to serum VEGF. In order to assess the
relationship of tumor angiogenesis with clinical
outcomes, immunohistochemistry has been used to
evaluate reactivity for VEGF, and to measure levels
of MVD in primary colorectal cancer specimens.
Jiang CQ et al® found that for colorectal tumor
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tissues, the positive expression rate of VEGF
protein in the colorectal adenocarcinoma group
was significantly higher than that in the colorectal
adenoma group. Regarding the MVD, it was found
to be significantly increased in tumors with higher
stage®. From previous studies®, these two angiogenic
markers probably do have significant prognostic
value in colorectal cancer patients. However, no
consensus has been reached on the relationship
between these two markers for angiogenesis. Since
studies in various kinds of tumors, the studies in
colorectal cancer tissues have neither succeeded nor
failed to demonstrate a correlation between the
expression of VEGF and MVDU*!3), For this reason,
the present study aimed to determine the relationship
between VEGF expressions and MVD in colorectal
cancer specimens. The authors also aimed to determine
their prognostic value in the presented patients by
evaluating their correlation to various common
reported prognostic histopathologic indictors that
would possibly be essential information for treatment
planning after surgery or early indicators of responses
to therapy. The Inter-observer reliability on VEGF and
MVD measurement was also determined.

Material and Method

The Royal Thai Army Institutional Review
Board approved the present study before enrolling any
subjects. Tumor specimens of 565 colorectal cancer
patients who underwent resection in Phramongkutklao
Hospital between January 1, 2005 and December 31,
2010 were archived and reviewed. Tissues of patients
who received preoperative chemotherapy, preoperative
radiation, or prior anti-angiogenic therapy were
excluded. Anti-VEGF and anti-CD34 monoclonal
antibodies (Labeled Dextran Polymer Antibody
Complex Technique) have been used to demonstrate
reactivity for vascular endothelial growth factor
(VEGF), and to measure levels of MVD. Forty randomly
selected formalin-fixed paraffin-embedded colorectal
cancer specimens of non-stage-IV patients who
underwent curative resection were immunohisto-
chemically stained. Every slide of the archived
colorectal cancer tissues was reviewed and categorized
according to the American Joint Committee on Cancer
(AJCC) staging system. Information regarding the
originally reported histopathological features was
reviewed for confirmation of the preexisting results,
such as grade of the cancer (well differentiation,
moderate differentiation, and poor differentiation),
depth of penetration (pT staging), number of positive
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lymph nodes (pN staging), and presence of lymphatic
or vascular invasion.

Immunohistochemistry

Immunohistochemical staining was performed
using the Labeled Dextran Polymer Antibody Complex
Technique. Staining for VEGF and vascular endothelial
cells was performed using an anti-VEGF monoclonal
antibody (Diagnostic Biosystem, USA) and anti-CD34
monoclonal antibody (Dako, Denmark), respectively.
The formalin-fixed, paraffin-embedded, 5-pum tissue
sections were deparaffinized with xylene, dehydrated
in ethanol and incubated with 3% hydrogen peroxidase
for 5 minutes, and washed with phosphate-buffered
saline (PBS). After washing, the incubation of the
tissue sections in 10% normal horse serum was done,
followed by overnight incubation with anti-VEGF
(1:200) antibody or anti-CD34 antibody (1:500). After
the slides were dropped with the superenhancer TM,
they were incubated, and washed with working PBS
wash buffer. A drop of labeled dextran polymer
conjugated polyhorseradish peroxidase (HRP) was
added onto each slide and incubated for 30 minutes.
The sections were then washed in two changes of
cold PBS for 10 minutes each and wiped carefully to
remove excess PBS. Finally, a drop of freshly prepared
DAB (32-Diamino benzidine Tetra Hydrochloride—a
substrate Chromogen) was added onto the sections.
Slides were then washed in running distilled water
to remove excess DAB and counter-stained with
Hematoxylin.

MVD assessment

For the assessment of MVD, each tissue
section was examined at five times magnification
and two areas of highest MVD were identified. After
that, individual vessel counts were performed at x200
magnification. Any single brown-stained cell that
indicated an endothelial cell stained with CD34 was
counted as a single vessel. Branching structures were
counted as a single vessel, unless there was a break
in the continuity of the structure. Tumor MVD was
determined by an average number of counted CD34
endothelial cells from two selected fields at x200
magnification in each slide.

VEGF expression

For the evaluation of VEGF expression, the
percentage of VEGF immunoreactive carcinoma cells
was recorded. Level of VEGF expression was assessed
based on the percentage of immunoreactive tumor cells
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and the intensity of VEGF expression. Corresponding
to the percentage of immunoreactive cells, the samples
were categorized as positive (immunoreactive in 25%
or more carcinoma cells), and negative (immunoreactive
in less than 25% carcinoma cells). The intensity of
VEGF expression was graded in a semiquantitative
fashion, ranging from 0-2 (0: negative, 1: weakly
positive, and 2: strongly positive).

Inter-observer reliability

VEGF expression and MVD were measured
independently by each of two pathologists, one working
in Department of Pathology, Phramongkutklao College
of Medicine, and the other working in the Department
of Pathology, Army Institute of Pathology. Inter-
observer variability of VEGF and MVD measurements
were determined. Inter-observer agreement was
assessed by comparing the results of VEGF and MVD
measurements made by the two pathologists.

Statistical analysis

The correlation between VEGF expression
and MVD was determined by Spearman’s correlation
method. The correlation between individual
histopathologic features and angiogenetic markers
(VEGF expression and MVD) was determined by
either Pearson correlation or Spearman rank correlation
method according to types of data. The Pearson
correlation method reflects the degree of linear
relationship between two variables ranging from +1
to -1. A correlation of “+1” means that there is a
perfect positive linear relationship between variables.
A correlation of “-1” means that there is a perfect
negative linear relationship between variables. A
correlation of “0” means that there is no linear
relationship between the two variables. A probability
value of less than 0.05 was considered to be significant.

The intra-observer reliability assessed the
reproducibility of each observer for each MVD
measurement. Inter-observer agreement on MVD
and VEGF measurement was expressed as Interclass
Correlation Coefficients (InterCC). Cohen’s kappa was
used for assessing inter-rater reliability; the kappa
coefficient of more than 0.8 was defined as excellent
correlation, between 0.6 and 0.8 as good correlation
(exceeding chance), between 0.4 and 0.6 as moderate
correlation, and less than 0.4 as poor correlation.

Results

VEGF immunoreactivity was observed
mainly in the cytoplasm of tumor cells and in stromal
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Table 1. Patients’ demographics (n = 40)

Number of patients, n (%)

Location of tumors

Right side colon 9 (22.5)
Left side colon 2(5.0)
Sigmoid colon 14 (35.0)
Rectosigmoid 4(10.0)
Rectum 11 (27.5)
Differentiation
Well 1(2.5)
Moderately 34 (85.0)
Poorly 5(12.5)
Nodal status
NO 14 (35.0)
N1 15 (37.5)
N2 11 (27.5)
Depth of invasion
T2 1(2.5)
T3 32 (80.0)
T4 7(17.5)
AJCC staging
1 1(2.5)
2A 8(20.0)
2B 7 (17.5)
3B 12 (30.0)
3 12 (30.0)
Lymphovascular invasion
Yes 24 (60.0)
No 16 (40.0)

Table 2. Mean MVD comparison between the VEGF
positive and VEGF negative group (n = 40)

VEGF Number MVD p-value
immunoreactivity (%) (mean (SD))

Negative 5(12.5)  97.00(41.7)  0.751
Positive 35(87.5) 104.62 (50.8)

cells. In all, 35 of 40 cases (87.5%) revealed positive
VEGF expression, in which more than 25% of
carcinoma cells were immunoreactive for VEGF.
The group determined as VEGF-positive revealed
that the median (min-max) percentage of VEGF
immunoreactive cells was 80% (30% to 90%). A
moderate correlation was found between the
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Table 3. Correlation between various common histopathologic features and angiogenic markers (n = 40)

Histopathologic features

Correlation coefficients

VEGF intensity VEGF percentage Microvascular density (MVD)
Number of LN involvement 0.188 0.116 -0.097
AJCC stage 0.216 0.091 -0.119
Differentiation -0.015 0.060 0.028
Depth of invasion -0.115 -0.166 -0.054
Lymphovascular invasion -0.109 0.050 -0.259
Microvascular density (MVD) 0.161 0.014 1.000

percentage of positive immunoreactive cells and
the intensity of VEGF immunoreactive staining
(correlation value of 0.436, p < 0.05). The mean (SD)
microvascular density was 103.67 (49.37). The result
from Spearman’s correlation test also indicated that
MVD was not correlated with both the percentage of
positive immunoreactive cells and intensity of VEGF
immunoreactive staining (the correlation value of
-0.056, p=0.732 and 0.108, p = 0.506, respectively).
No significant differences were found in MVD
between the VEGF-positive and VEGF-negative
groups (104.62 versus 97.0; p=0.751). From the result
of this small number of samples, neither MVD nor
VEGF expression in primary colorectal cancer tissue
was found having a significant correlation with any
common reported prognostic histopathologic indictors

Table 4. Intra-observer variability for average value of
counted CD34 endothelial cells stained

Intra-observer correlation in counting CD34
endothelial cells stained

First pathologist Second pathologist
ICC 95% CI ICC 95% CI
0.886 0.715-0.955 0913 0.782-0.965

including the tumor differentiation, depth of tumor
penetration (pT staging), number of positive lymph
nodes (pN staging), and presence of lymphatic or
vascular invasion, and the American Joint Committee
on Cancer stage as shown in Table 3. In counting
CD34-stained endothelial cells, the present study
revealed a high intra-observer correlation coefficient
0f 0.886 (95% CI: 0.715-0.955) for the first pathologist
and 0.913 (95% CI: 0.782-0.965) for the second
pathologist (Table 4). High inter-observer reliability
was observed in both MVD and VEGF measurements
with a substantial agreement (agreement 95%, kappa
= 0.643)between the two pathologists (Table 5).

Discussion

Prognostic value of angiogenic markers
(VEGF expression and MVD in tumor tissues) has
gained a substantial interest in recent years. Des Guetz
et al'¥ performed a meta-analysis of all published
studies relating to MVD and VEGF expression.
The present study revealed that VEGF expression
significantly predicted poor recurrence-free survival
(RR =2.84; 95% CI: 1.95-4.16) and overall survival
(RR =1.65; 95% CI: 1.27-2.14). The study of Zheng
et al’ examined 97 cases of colorectal carcinomas
that were immuno histochemically stained using anti-

Table 5. VEGF expression and MVD: Inter-observer reliability classification between two observers for 40 tumor specimens

Inter-observer reliability: VEGF and MVD measurement Correlation value p-value
Percentage of VEGF immunoreactive cell 0.671 <0.001*
Intensity of immunoreactive staining 0.927 0.001*
Counted CD34 endothelial cells stained (MVD) 0.977 <0.001**
Agreement Kappa
Determination of positive VEGF immunoreactive staining (> 25%) 95.0% 0.6429

* Spearman’s correlation
** Pearson’s correlation
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Immunohistochemical analysis of VEGF expression
in colorectal tumor specimen. VEGF expression
was scored as A: negative, B: weakly positive and
C: strongly positive

VEGF and anti-CD34 monoclonal antibodies and
revealed that VEGF expression was more intense in
poorly-differentiated adenocarcinoma, but the
author concluded that only MVD had prognostic value
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specimen. The single brown-stained cell indicates
an endothelial cell that was stained for the
presence of CD34

in colon cancer. The same technique of immuno-
histochemical in the study of Zheng et al!'® has been
performed in the present study for describing of
reactivity for VEGF and measurement of MVD in
colorectal cancer. Although there are many studies
that indicated a correlation between MVD and VEGF
expression in colorectal cancer>!9 but the result of
the present study found no significant correlation
between these two angiogenic markers (MVD and
VEGF expression) in the primary colorectal cancer
tissues. This may be explained by the vessel formation
that can occur by a number of different processes. The
present study also revealed that neither MVD nor
VEGF expression in the primary colorectal cancer
tissues provide any value on prediction of advanced
disease or outcomes of treatment. These special
immohistochemical staining in primary colorectal
tissues may not provide additional advantages for
implementation to the routine practice. Further
studies on new tissue samples and larger sample size
would help validate these results.

To the authors’ knowledge, the present study
is the first to assess the intra-observer and inter-
observer variability of VEGF and MVD measurements
in a masked setting that was important to determine
the accuracy of the measurement technique. It is
therefore possible to have VEGF and MVD measured
by different examiners and still make a valid conclusion
on levels of VEGF expression and MVD. Some
limitations were noted with respect to the retrospective
nature of the present study and long duration of
tissue archive that may have affected the intensity of
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immunohistochemical staining and the accuracy of
interpretation. Further studies on new tissue samples
and larger sample size would help validate these
results.

Conclusion

In primary colorectal cancer tissues, no
significant relationship between MVD and VEGF
expression but a moderate correlation was found
between the percentage of positive immunoreactive
cells and the intensity of VEGF immunoreactive
staining. Neither MVD nor VEGF expression in
primary colorectal cancer tissue was found providing
any predictive value on advanced disease when
comparison to various common reported prognostic
indicators. The present study revealed a high intra
and inter-observer reliability on VEGF and MVD
measurement. Further studies on a larger sample size
would help to determine the benefit of implementation
of both special staining in routine practice.
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