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expression and tumor location and invasion in patients with
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Background: Vascular endothelial growth factor-A (VEGF-A) has been observed as the predominant
angiogenic factor in colorectal cancer (CRC) and the assessment of microvessel density (MVD) has been
used to quantify tumor neoangiogenesis. This study aimed to determine clinicopathological and prognostic
significance of both angiogenic markers in the local CRC patients.

Methods: We analyzed tissue samples obtained from 81 cases with CRC. VEGF-A expression and MVD
counts were immunohistochemically detected using anti VEGF-A and CD31. The assessments of both
markers were classified as low and high. Correlation between VEGF-A expression and MVD value and
clinicopathological characteristics were examined using Chi-square test. The overall survival (OS) was
plotted using the Kaplan-Meier method.

Results: High VEGF-A expression was found more frequently in the rectal location (P=0.042) and T4
tumors (P=0.041) compared to their counterparts. Older patients tended to show a higher MVD value
compared to younger cases (P=0.062). In addition, survival analysis showed that males had a worse OS
compared to females (P=0.029), and VEGF-A expression and MVD count did not correlate with patients’
survival.

Conclusions: There were significant differences of VEGF-A expression according to tumor location and

T invasion. Sex, but not angiogenic markers, had an influence on the survival of CRC patients.
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Introduction

Colorectal cancer (CRC) is the third most prevalent and
the fourth leading cause of cancer death in the world. CRC
represented the fifth commonest cancer in Indonesia (1).
The degree of tumor vascularization reflects the evolution
of CRC. As in the majority of solid tumors, angiogenesis is
essential for tumor development and for its loco-regional
and metastatic growth (2,3). When neoplastic mass is
supported only by the host vessels, it stays in a limited size
with slow propagation. In contrary, when the formation
of new blood vessels is supported by the neoplastic cells
through the secretion of proangiogenic factors, nutrients
from the newly formed capillaries stimulate a more rapid
growth and progression of the tumor (4,5). Degree of
tumor angiogenic activity was considered to determine
tumor aggressiveness (6). Vascular endothelial growth
factor-A (VEGF-A) is the most potent mediator in the
process of angiogenesis, contributing to migration,
proliferation, and tube formation of endothelial cells (7).
Tumor neovascularization can further be assessed by the
measurement of microvessel density (MVD). The MVD has
long been observed as a surrogate marker which expressly
reflects tumor angiogenesis in various cancers, including
CRC (8,9).

Association between angiogenic markers and clinical
characteristics and outcome remains controversial. Several
studies showed that VEGF positively correlated with sex,
age, clinical stage, tumor histology grade, tumor depth
(T), nodal metastasis, and distant metastasis (10-13),
although others did not confirm the findings (14-16). Many
retrospective studies have demonstrated that VEGF and
MVD can be used as biological markers to predict survival
in patients with CRC. High level of VEGF expression
has a relationship with poorer overall- and disease free-
survival (8,10,17-20), as well as an increased rate of distant
metastases (21). High MVD predicts an unfavorable
overall survival (OS) and disease-free survival (8,22-24).
Some studies also demonstrated an association between an
increase expression of VEGF with higher MVD (25-27),
although others paradoxically found no association (22,28).

Only few data on angiogenesis according to
clinicopathological features and survival outcome have
been reported in Indonesian patients with CRC (12). This
study aimed to examine pathological expression of VEGF-A
and MVD measurement and to investigate a correlation
between both markers with clinicopathological features and
to analyze their prognostic influence on patients’ survival.
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Data from the local hospital will yield a clearer view of
angiogenesis patterns in samples of Indonesian patients.
This approach also may provide more information to
answer the lack of certainty of contradictive results obtained
from previous reports.

Methods
Patients

This retrospective study included patients with CRC who
were treated between 2007 and 2013 at Dr. Sardjito General
Hospital Yogyakarta. Patients were histopathologically
diagnosed with adenocarcinoma type following surgical
resection. Demographical, clinical, and pathological
data were reviewed from the patients’ medical records.
Subjects were excluded when only minimal information
was available or when the corresponding biopsy samples
did not meet the quality criteria for staining. All patients
had not undergone any treatment prior to the resection of
the primary tumour. The study was approved by the Ethics
Committee of Faculty of Medicine, Public Health, and
Nursing Universitas Gadjah Mada/Dr Sardjito Hospital
Yogyakarta (reference: KE/FK/209/EC). Informed consent
was obtained from study subjects.

Data from patients’ records were collected to assess
clinical and histopathological variables. Data were then
categorized according to age (< median vs. > median),
sex (male vs. female), tumor location (colon vs. rectum),
histology differentiation grade (well differentiation vs.
moderate to poor differentiation), T invasion (T1-3 vs.
'T4), nodal metastasis (NO vs. N1-4), and the presence of
metastasis at baseline (MO0 vs. M1).

Immunobistochemistry

The cancer tissue was obtained as formalin-fixed paraffin-
embedded samples from the archives of the Department
of Anatomical Pathology, Dr. Sardjito Hospital or of other
hospitals. Paraffin tissue slides (3 mm-thick) were evaluated
by immunohistochemistry using antibodies anti-VEGF-A
(ABCAM cat. No. ab183100) for VEGF-A expression and
anti-CD31 (BIOCARE MEDICALL, LLC, 4040 Pike
Lane Concord, CA 94520 USA cat. No CM 347 A,C) for
MVD after peroxidase activity blocking and heat antigen
retrieval. The immunohistochemistry kit used in this
experiment was Star Trek Universal HRP Detection System
(STUHRP700 H, L10, BIOCARE). Non-reactive sites

jgo.amegroups.com 7 Gastrointest Oncol 2018;9(6):1099-1108



Journal of Gastrointestinal Oncology, Vol 9, No 6 December 2018

were blocked using background sniper. Primary antibody
was applied, followed with the adding of secondary antibody
(Trekkie Universal Link), and antibody binding was
detected with diaminobenzidine (DAB) after the labeling
with Trek Avidin HRP. Sections were counterstained
with Mayer’s Hematoxylin. Tonsil samples were used as
positive control for VEGF-A and CD31. These samples
were also used as negative control by omitting the primary
antibodies. Immunohistochemistry tests that demonstrated
inappropriate staining for negative or positive controls
were considered non-conclusive and the CRC samples in
the same tests were not included in further analysis. The
immunohistochemistry technique was performed at the
Department of Anatomical Pathology and Department of
Histology and Cell Biology, Faculty of Medicine, Universitas
Gadjah Mada Yogyakarta. VEGF-A expression and MDV
were independently assessed by two investigators who
were blinded to the clinical data. Discordant findings were
discussed and examined under a double-head microscope in
order to determine a final assessment.

Evaluation of VEGF-A expression

The expressions were examined semi-quantitatively
according to Martins ez a/., 2013, as follows, 0: 0% of
immunoreactive cells; 1: <5% of immunoreactive cells;
2: 5-50% of immunoreactive cells; and 3: >50% of
immunoreactive cells. The staining intensity was semi-
qualitatively scored as 0: negative; 1: weak; 2: intermediate;
and 3: strong. The final score for the immunoreaction
was calculated as the sum of both parameters (number
of immunoreactive cells and intensity), and grouped as
negative [0], weak [0-2], moderate [2-4], and strong
[4-6] (11). For statistical purposes, the negative and weak
immunoreaction final scores were considered as low
expression and strong immunoreaction final scores were
considered as high expression.

Quantification of MVD

To determine the MVD a picture of “hot-spot” regions
of the peritumoral area were made at 400x high power
fields. The pictures were taken with microscope LSM-
800 (Carl-ZEISS). Calculation of MVD was principally
performed according to Bosari et al., 1992 (29), with
certain modifications. Lumens or clusters formed by
stained endothelial cells were considered as individual
microvessels. Counting process excluded microvessels
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with a thick muscular wall. The slides were evaluated at
100x magnification to identify the “hot-spot” regions. The
five most vascularized areas were selected and counted at
400x magnification. Three of the five highest vascularized
regions were selected as the host-spot areas and calculated
as the MVD per histological field, which was converted
from the field of 400x magnification into 0.73 mm’. MVD
indicated the average number of microvessels at the three
most vascularized areas of 0.73 mm’. The MVD median
(23.5) was used as the cut-off value for the MVD in the
local cohort samples.

Statistical analysis

Statistical analysis was performed with the SPSS statistics 17
(Armonk, NY, USA). A Chi-squared test or Fisher’s exact test
(2-sided) for noncontinuous variables and Mann-Whitney
U or Kruskal-Wallis analysis for continuous variables
were used to compare VEGF-A and MVD among the
clinicopathological parameters. Survival was measured from
the date of diagnosis until death or censored at the date of
last follow-up. All patients were followed from diagnosis
until death or until data were censored and the patient
still considered to be alive. The OS curves were plotted
using the Kaplan-Meier method and compared by the log-
rank test. Prognostic variables of survival were analyzed
by Cox proportional hazards regression. Significance was
considered statistically different at P<0.05.

Results
Patient sample classification

We analyzed paraffin-embedded samples from tumors from
81 resected patients for CRC. Clinical and pathological
features of all cases are displayed in 7able 1. The median age
at diagnosis was 56 years (range, 24-84 years). Population
was dominated by males (46, 56.8%), individuals aged
<56 years (42, 51.9%), cases with rectal location
(52, 64.2%), cases with non-metastatic disease (47, 58.0%),
tumors with well differentiated histology grade (44, 54.3%),
tumors with T1-3 invasion (44, 54.3%), and tumors with
unknown nodal status (47, 58.0%).

Immunobhistochemical expression level of VEGF-A and
MVD value across clinicopathologic variables

Figures 1-3 demonstrated immunohistochemical VEGF-A
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Table 1 Clinical and pathological characteristics of patients with
colorectal cancer

Characteristics Number of patients (%)
Total number 81
Sex
Males 46 (56.8)
Females 35 (43.2)

Age (years), median 56

<56 42 (51.9)
6 39 (481 Figure 1 Immunohistochemical VEGF-A staining (magnification
>5 (“8.1) x400) with different intensity in cytoplasm of tumor cells of
Tumor location colorectal. Block arrow, arrow head, and blank arrow pointed
Colon 29 (35.8) to strong (+3), moderate (+2), and weak (+1) VEGF-A staining
intensity, respectively. VEGF-A, vascular endothelial growth
Rectum 52 (64.2) factor-A.
Histology grade
Well differentiation 44 (54.3)
Moderate to poor differentiation 29 (35.8)
Missing 8(9.9)

Depth of tumor invasion

T1-3 44 (54.3)
T4 17 (21.0)
Missing 20 (24.7)

Lymph node metastasis

N 12 (14.

0 (14.8) Figure 2 Immunohistochemical expression of high MVD in
N1-4 22(27.2) colorectal cancer (magnification x400). MVD, microvessel density.
Missing 47 (58.0)

Distant metastasis
MO 47 (58.0)
M1 34 (42.0)

VEGF-A expression

Low 25 (30.9)

High 56 (69.1)
MVD value

Low 44 (54.3)

High 37(45.7) Figure 3 Immunohistochemical expression of low MVD in
MVD, microvessel density. colorectal cancer (magnification x400). MVD, microvessel density.
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Table 2 Correlation between clinicopathology characteristics, VEGF-A expression, and MVD in patients with colorectal cancer
VEGF-A expression MVD
Characteristics
Low (n=25) High (n=56) P Low (n=44) High (n=37) P
Sex 0.286 0.996
Males 12 34 25 21
Females 13 22 19 16
Age (years), median 56 0.643 0.062
<56 12 30 27 15
>56 13 26 17 22
Tumor location 0.042 0.909
Colon 13 16 16 13
Rectum 12 40 28 24
Histology grade 0.929 0.579
Well differentiation 14 30 22 22
Moderate to poor differentiation 9 20 18 11
Missing 2 6 4 4
Depth of tumor invasion 0.041 0.841
T1-3 17 27 23 21
T4 1 16 9 8
Missing 7 13 12 8
Lymph node metastasis 0.480 0.877
NO 2 10 7 5
N1-4 8 14 11 11
Missing 15 32 26 21
Distant metastasis 0.089 0.810
MO 18 29 25 22
M1 7 27 19 15

MVD, microvessel density; VEGF-A, vascular endothelial growth factor-A.

and MVD staining in patients with CRC in the present
study. Low expression of VEFG-A was demonstrated by
25 (30.9%) subjects while high expression of VEGF-A was
shown by 56 (69.1%) subjects. The median of MVD counts
was 23.5 (range, 4.1-62.5). Low MVD value (<23.5) was
shown by 44 (54.3%) subjects while high MVD (>23.5)
was demonstrated by 37 (45.7%) subjects. Analysis of
clinicopathologic parameters and VEGF-A expression and
MVD value are summarized in Table 2. VEGEF-A expression
was significantly higher in the rectum (P=0.042) and in T4

© Journal of Gastrointestinal Oncology. All rights reserved.

tumors (P=0.041), compared to their counterparts. There
were no significant differences in the MVD according to
all clinicopathologic characteristics, although it tended
to be higher in older subjects compared to the younger
cases (P=0.062). In addition, we determined any difference
between low and high value of angiogenic markers. The
distribution of MVD value in both groups of VEGF-A
expression is shown in Figure 4. Analysis using Mann-
Whitney U test showed that the median MVD count in the
low VEGF-A expression and high VEGF-A expression was
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Figure 4 MVD in the low and high expression of VEGF-A. The
median MVD in the high VEGF-A expression group was similar
to that of the low VEGF-A expression (22.0+17.7 vs. 21.9+11.6;
Mann Whitney U test P=0.984). MVD, microvessel density;
VEGF-A, vascular endothelial growth factor-A.

in a similar range (22.0£17.7 vs. 21.9211.6; P=0.984).

Survival analysis

All cases were followed-up until September 2015. The
median follow-up period was 18 months (range, 1-
90 months). In the univariate analysis, sex was the only
significant factor among all clinicopathological variables that
predicted patients’ OS (P=0.029) (Table 3). Cox proportional
hazard model revealed that males had a significantly
increased probability of death compared to females
(HR =2.641, 95% CI: 1.059-6.589; P=0.037) (Figure 5).
Figures 6,7 showed no significant differences in the OS
rates between the low and high VEGF-A expression groups
(P=0.479), or between the low and high MVD groups
(P=0.299).

Discussion

Angiogenesis is a crucial step in tumor development and
metastasis (2,4). Tumor angiogenic activity may reflect
an aggressive behaviour of a malignancy (6). Among
other angiogenesis-stimulating proteins, VEGF-A has
been long observed as the most potent angiogenic factor
and is commonly associated with increased MDV and
unfavourable clinicopathological parameters and outcome
(8,18). This retrospective study investigated the expression
of VEGF-A and determined the count of MVD in 81 local
patients with CRC. High levels of VEGF-A expression

© Journal of Gastrointestinal Oncology. All rights reserved.

Table 3 OS rates of patients with colorectal cancer

Characteristics Num.ber of 0S  Log-rank
patients rates test

Sex 0.029
Males 46 34.7
Females 35 67.9

Age (years), median 56 0.623
<56 42 47.6
>56 39 52.5

Tumor location 0.259
Colon 29 50.4
Rectum 52 44.5

Histology grade 0.327
Well differentiation 44 60.7
Moderate to poor differentiation 29 29.2

Depth of tumor invasion
T1-3 44 46.8 0.817
T4 17 35.3

Lymph node metastasis 0.166
NO 12 32.8
N1-4 22 49.2

Distant metastasis 0.299
MO 47 49.9
M1 34 49.7

VEGF-A expression 0.479
Low 25 62.9
High 56 43.1

MVD value 0.299
Low 44 49.9
High 37 49.7

OS, overall survival; MVD, microvessel density; VEGF-A,
vascular endothelial growth factor-A.

and MVD value were demonstrated by 56 (69.1%) and 37
(45.7%) cases, respectively. Ganggaiswari et 4l. reported a
higher proportion (71.8%) of cases with strong expression
of VEGF-A level from another cancer centre in Indonesia.
However, the report of Ganggaiswari and ours might not
fully represent the proportion of VEGF-A level in all

CRC cases in the local regions since both studies collected
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Figure 5 Patient survival rate in male and female groups. The OS
rate of male patients was significantly lower than that of female
patients (P=0.029). Cox proportional hazard model revealed that
males had a significantly higher probability of mortality compared
to females (HR =2.641, 95% CI: 1.059-6.589; P=0.037). OS,

overall survival.
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Figure 6 Patient survival rate in the low and high VEGF-A
expression groups. Although the OS rate of patients with low
VEGF-A expression was higher than those with high VEGF-A
expression, the difference was not significant (P=0.479). VEGF-A,
vascular endothelial growth factor-A; OS, overall survival.

only cases with available pathology samples. MVD value
has never been analyzed in Indonesian CRC patients.
We have previously tested MVD in selected cases with
nasopharyngeal cancer and our report showed a 50%
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Figure 7 Patient survival rate in the low and high MVD groups.
Although the OS rate of patients with high MVD was higher than
those with low MVD, the difference was not significant (P=0.299).

MVD, microvessel density; OS, overall survival.

proportion of high MVD in those patients (30).

Among all clinicopathological variables, significant
correlations were seen between high VEGF-A expression
with rectal location and T4 tumour invasion, supporting
previous findings (11,17,25,31). Bendardaf ez 4/. showed
that VEGF positivity and intensity were confined to the
left-sided or distal region. The association of higher levels
of VEGF-A expression with distal tumours may be due to
the different genetic pathway that the left and right-sided
CRCs are considered to take. This emphasized clinical
impact of the present study on the existence of biology
differences between right and left colonic location that
could favour malignant transformation through different
molecular pathways (31,32). Hanrahan ez 4/. also indicated
an association between VEGF-A strong expression and T4
depth invasion that contribute to progression, invasion,
and metastasis and unfavorable survival and prognosis in
CRC (33). Furthermore, our study showed a tendency of
higher proportion of cases with metastatic disease with high
VEGF-A expression, as found by others (18,34).

Although in contrast to the vast majority of previous
observations, our study did not demonstrate any
significant relationship between MVD value with all
clinicopathological variables. Similar results were also
shown by other reports (15,16,24). Interestingly, many
studies that showed significant correlation of MVD count
with clinicopathological parameters used antibody against

anti CD34 or von Willebrand (13,14,25,35,36), although
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some reports also used anti CD31 antibody as ours, or anti
CD105 antibody (37). Different methods may influence the
results and the variability needs to be further investigated.
Our study also showed that older patients had a tendency to
have a higher frequency of high MVD value, as investigated
by Sundov ez al. (35) although it used age of >60 years as a
cut off value for analysis.

Evidence from multiple studies implicates VEGF and
MVD value as being prognostic indicators in CRC as high
expression and value associated with poor survival. Similarly,
meta-analysis reports from Des Guetz and Wang er al.
confirmed the association with poor OS in CRC (8,18). Our
study, however, did not support their prognostic significance
in the local CRC patients. The finding might represent
the nature of our local patients or was a consequence of
relatively small sample size in the present study. In addition,
our previous report analyzing plasma VEGF-A and MVD
count in nasopharyngeal cancer showed shorter survival of
patients with high expression of VEGF-A and MVD count
compared to those with low expression and count (30).

Our result demonstrating that male sex had an increased
probability of mortality was supported by a large prospective
study from Malaysia that was done in a tertiary hospital as
ours. It demonstrated that male sex was one of independent
predictors of poor 5-year survival (HR =1.41; 95 CI:
1.12-1.76) (38). In addition, males in our study cohort had
a higher frequency of high VEGF-A staining intensity
compared to females, despite statistically being a non-
significant difference. This indicated a linear association of
high VEGF-A expression with shorter survival. However,
the true prognostication role of sex in our local cases needs
to be further investigated in a bigger patient population.

Conclusions

In the local cohort, VEGF-A expression had a clinical
significance according to tumor location and depth, while
MVD value had no differences accross all clinicopathological
variables. VEGF-A expression and MVD value did not have
any impact on the patients’ OS, but sex did.
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