
Abstract. The aim of the present study was to evaluate the
association of vascular endothelial growth factor (VEGF) and
its receptor, KDR/Flk-1, with tumor grade, microvessel density
(MVD) and clinical outcome in patients with soft tissue
sarcomas (STSs). Tissue specimens of 28 patients with STSs
were analyzed immunohistochemically using specific
monoclonal antibodies. Tissue samples were obtained prior to
any treatment. Half of the STSs exhibited strong expression of
VEGF that was associated statistically significantly with high
tumor grade. Strong expression of KDR/Flk-1 was detected in
only 2 sarcomas. No association was demonstrated between
VEGF and KDR/Flk-1 expression. MVD was significantly
associated with tumor grade and was higher in sarcomas with
strong VEGF expression. Limited data on clinical outcome
precluded solid analyses for an association with disease
progression. This study provides further evidence on the role of
VEGF and MVD in tumor aggressiveness in STSs. 

The formation of new blood vessels within the tumor stroma

is an essential requirement for the growth of neoplasms 

(1, 2). The angiogenetic drive of a tumor results from the

balance between promoters and inhibitors in the local tumor

environment. Among promoters, vascular endothelial growth

factor (VEGF) is one of the most important angiogenetic

factors in vivo. VEGF is a dimeric glycoprotein, that acts as

a mitogen for endothelial cells and induces angiogenesis and

changes in vascular permeability, both involved in tumor

vascularization and growth (3-5). It also functions as a potent

anti-apoptotic factor for endothelial cells in newly-formed

vessels (6, 7). This key regulator of angiogenesis exerts its

effects by binding with high affinity to two tyrosine kinase

receptors, which are expressed on the surface of endothelial

cells; VEGFR-1 (Flt-1) and VEGFR-2 (KDR/Flk-1) (8, 9).

Tumor angiogenesis is assessed morphologically by

measuring intratumoral microvessel density (MVD) with

various endothelial markers such as CD34, CD31 and Factor

VIII. VEGF expression has been found to correlate with

MVD (10).

VEGF is overexpressed in many tumor types, and it has

been proposed as a prognostic indicator correlated with

decreased survival in several cancers (11-14). Soft tissue

sarcomas (STSs) are tumors with high vascularization (15).

Angiogenesis may be involved in the progression of STS

since sarcoma cells produce large amounts of VEGF and

VEGFRs in vitro (16). However, only a few studies have

focused on the association of VEGF and its receptors with

tumor grade and MVD of STSs, as well as their prognostic

value, with contradictory results. In that respect, a

retrospective study was conducted in order to evaluate the

expression of VEGF and its receptor, KDR/Flk-1, in

patients with STSs. We also tried to evaluate the association

of VEGF and KDR/Flk-1 expressions with tumor grade,

MVD and disease progression.

Patients and Methods

Patients. The medical records of 28 patients with the diagnosis of

primary, non-metastatic STS were retrospectively reviewed. We

accepted all patients regardless of the type of STS. All patients

were treated surgically with radical tumor excision at the Ioannina

University Hospital, Greece, and had available histological tissue

from the surgical specimens. Patients with incomplete tumor

resection were excluded from the study. None of the patients had

received any adjuvant therapy before surgery. For each patient,

data on demographic characteristics, the type and location of the

STS, the grade of tumor, the surgical margins and the maximal size

on MRI were recorded. Also data on additional therapy, such as

chemotherapy and radiotherapy, were recorded. The histological

diagnosis and the grade of tumor were confirmed for each sample
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by reviewing hematoxylin-eosin-stained sections. All patients were

followed up in an outpatient basis at the Radiation Therapy

Department. Their evaluation included assessment of treatment-

related toxicity, local recurrences, distant metastases and death. 

Immunohistochemistry. Immunostainings were performed on

formalin-fixed, paraffin-embedded tissue sections (3Ìm) by the

labelled streptavidin avidin biotin (LSAB) method. The sections

were deparaffinized in xylene and dehydrated. Subsequently, all

sections were immersed in citrate buffer solution (10mM, pH 6.0)

in plastic Coplin jars and subjected to microwave irradiation twice

for 10 min. After quenching the endogeneous peroxidase activity

with 0.3% hydrogen peroxide in methanol, the sections were

incubated overnight at 4ÆC with primary monoclonal antibodies

directed against VEGF (dilution 1:50, clone JH121, Neomarkers,

CA, USA), KDR/Flk-1 (1:2000, DBS, CA, USA) and CD34 (1:50,

Biogenex, San Ramon, CA, USA). Non-specific binding was

blocked by incubating the sections for 30 min with Blocking

Solution (Dako, Denmark). Detection was carried out using the

Envision System kit (Dako) with diaminobenzidine as chromogen.

Finally, the sections were counterstained with Harris hematoxylin,

dehydrated and mounted. To assess the specificity of the reaction,

negative controls were included in each staining run and consisted

of tumor sections that were subjected to the whole procedure with

omission of the primary antibody. Two observers (A.G. and D.P.),

who were blinded to the clinical outcome, examined all sections

independently and reached consensus on all items.

Assessment of vascularity. Any single brown staining of endothelial

cells or clusters of endothelial cells, with or without a lumen, were

considered as individual countable microvessels. Vessels with thick

muscular walls were excluded. The density of tumor microvessels

was determined as described in previous studies (17). Using light

microscopy, the three most intense regions of neovascularization

("hot spot areas") were selected and counted at X200 magnification

(0.739 mm2 per field). Final MVD was the mean of the values

obtained for the three fields. 

Assessment of VEGF and KDR/Flk-1 expressions. The staining was

evaluated only in the areas with well-preserved tissue morphology

and away from necrosis or artifacts. The immunoreactivity for

VEGF was found in the cytoplasm of tumor cells, and the staining

intensity varied among tumors. The expression of KDR/Flk-1 was

observed in the cell membrane and the cytoplasm of cells. The

immunostaining for VEGF and KDR/Flk-1 was semiquantitatively

estimated based on a scale from – to ++: – , when no staining of

tumor cells was observed; +, when <10% of cells showed clearly

positivity (faint expression) and ++, when ≥10% of neoplastic

cells showed immunoreactivity (strong expression). Sarcomas

having VEGF or KDR/Flk-1 expression in more than 10% of the

tumor cells were considered as having VEGF or KDR/Flk-1

overexpression, respectively (18).

Statistical analysis. Fisher’s exact test was used to assess any

differences in the expressions of VEGF and KDR/Flk-1 between

each grade (intermediate/high vs. low) and gender. A t-test for

independent samples was used to determine whether or not there

was a significant difference in microvessel density between VEGF-

positive tumors and VEGF-negative tumors. Deaths, local

recurrences, distal metastases and side-effects were estimated from

the day of diagnosis. A p-value <0.05 was considered statistically

significant; all p-values were two-tailed. All statistical analyses were

performed using the Statistical Package for Social Sciences (SPSS

11.0 Inc., Chicago, IL, USA).

Results

Characteristics of eligible patients. Twenty-eight patients with

soft tissue sarcomas were included in our analysis. Among

them there were 9 liposarcomas, 7 malignant fibrous

histiocytomas, 4 fibrosarcomas, 4 leiomyosarcomas, 2 synovial

sarcomas and 2 rhabdomyosarcomas. All STSs were located

at the extremities and trunk. The mean age of the patients

was 47.5 years (range 15-79 years) with a male: female ratio

of 1.54. Twelve STSs were of low grade (43%), 3 of

intermediate grade (11%) and 13 of high grade (46%).

Twelve patients had available data of maximum size at

magnetic resonance imaging (MRI). The median size on

MRI was 9 cm (range 1-29.3 cm). All patients underwent
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Table I. Characteristics of 28 patients with STS included in the study.

Overall VEGF + VEGF–

Mean age (±SD) 47.5 (14.8) 45.9 (14.7) 49.1 (15.3)

Type of STS

Liposarcoma 9 2 7

MFH 7 4 3

Fibrosarcoma 4 3 1

Leiomyosarcoma 4 2 2

Synovial sarcoma 2 1 1

Rhabdomyosarcoma 2 2 0

Sex

Male 17 8 9

Female 11 6 5

Grade

Low 12 2 10

Intermediate 3 3 0

High 13 9 4

KDR/Flk-1

Positive 2 1 1

Negative 26 13 13

Mean MVD (±SD) 48.9 (25.1) 56.6 (6.7) 41.2 (23.3)

Postoperative therapy

Radiotherapy 6 4 2

Chemotherapy 13 5 8

Both 5 2 3

None 4 3 1

STS: soft tissue sarcoma, SD: standard deviation, MFH: malignant

fibrous histiocytoma, MVD: microvessel density. VEGF and KDR/Flk-

1 positivity defined as expression in >10% of tumor cells. 



radical excision of the tumor, and none of them had positive

surgical margins after the histological examination of the

surgical specimen. All but 4 received additional postoperative

treatment. The main characteristics of the eligible patients

are presented in Table I.

VEGF and KDR/Flk-1 expressions. Twenty-six STSs showed

positive immunostaining of VEGF (92.9%, 95% CI 76.5%-

99.1%) (Figure 1). Twelve STSs were positive for VEGF

staining, but in less than 10% of tumor cells (42.9%, 95% CI

24.5%- 62.8%), while 14 STSs showed VEGF expression in

more than 10% of tumor cells (50%, 95% CI 30.7%-69.4%).

The vast majority of STSs with strong VEGF expression

(≥10%) were of intermediate (n=3) or high grade (n=9).

Strong VEGF expression was associated with intermediate/

high grade of STS, and the observed relationship was strongly

statistically significant (p=0.006). No relationship was found

between the expression of VEGF and patient gender. The

limited number of available patients precluded any analyses

regarding type of STS and tumor size.
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Table II. Characteristics of the 15 patients with available data during the
follow-up period.

GRADE GRADE VEGF VEGF KDR/ KDR/

II/III I + - Flk1+ Flk1 –

Local recurrence

Yes 3 0 2 1 1 2

No 7 5 7 5 1 11

Metastasis

Yes 4 3 3 4 1 6

No 6 2 6 2 1 7

Death

Yes 4 2 3 3 1 5

No 6 3 6 3 1 8

VEGF and KDR/Flk-1 positivity defined as expression in >10% of

tumor cells.

Figure 1. VEGF immunohistochemical detection in a case of malignant fibrous histiocytoma (original magnification X100).  



On the other hand, 13 STSs expressed the receptor

KDR/Flk-1 (46.4%, 95% CI 27.5%-66.1%). Eleven cases

expressed KDR/Flk-1 in less than 10% of tumor cells

(39.3%, 95% CI 21.5%-59.4%), and only 2 cases expressed

KDR/Flk-1 in more than 10% of tumor cells (7.1%, 95%

CI 0.9%-23.5%). The 2 sarcomas with strong expression of

the receptor KDR/Flk-1 were of high grade, while among

the 11 sarcomas with faint KDR/Flk-1 expression, 2 were

of low grade, 2 of intermediate grade and 7 of high grade.

The expression of the KDR/Flk-1 receptor was not

associated with tumor grade, when the cut-off for

KDR/Flk-1 positivity was at the level of 10% of tumor cell

immunostaining. In contrast, when any positive stain was

considered as the cut-off level, the expression of the

KDR/Flk-1 receptor was associated in a statistically

significant manner with tumor grade (p=0.009 for the

comparison between low vs intermediate/high grade and

p=0.003 for the comparison between low/intermediate vs
high grade). As seen for VEGF expression, KDR/Flk-1

expression showed no relationship with patient gender.

Moreover, no correlation was revealed between VEGF and

KDR/Flk-1 expressions. 

Microvessel density. The MVD ranged from 17.6 to 128.3

across the analyzed tumors. The mean (±SD) microvessel

density for all STSs was 48.9±25.1. The mean (±SD) MVD

for low-grade sarcomas was 37.5 (±7.1) and 57.4 (±5.6) for

intermediate/high-grade sarcomas. The difference was

statistically significant (p=0.035). The mean MVD in

sarcomas with strong VEGF expression (56.6±6.7, range 17.6

to 128.3) was higher than that in sarcomas with absent or

faint VEGF expression (41.2±23.3, range 19.5 to 107.3), but

this difference was not significant (p=0.1). The mean MVD

in sarcomas with absent or faint KDR/Flk-1 expression was

48.5±5.1, range 17.6 to 128.3. The limited number of

sarcomas with strong KDR/Flk-1 expression (n=2) precluded

any comparisons for MVD between sarcomas with strong and

absent/faint KDR/Flk-1 expression.

Clinical outcome. Among the 28 STSs included in our

study, 15 had available clinical data during the follow-up

period. The mean follow-up for these 15 patients was 24.3

months (range 3-73 months). Long-term toxicity was

negligible in both therapeutic groups. No patient required

surgical intervention or hospitalization due to late side-

effects. Three patients developed local recurrences at 5, 48

and 54 months from the diagnosis. Seven patients

developed distal metastases and 6 patients died during the

follow-up period. The characteristics of sarcomas that

resulted in local recurrences, distal metastases or death are

presented in Table II. The small sample size precluded any

analyses on the association of VEGF and Flk-1 expressions

with prognosis.

Discussion

This immunohistochemical study of 28 STSs showed that the

expression of VEGF in more than 10% of tumor cells was

significantly associated with higher tumor grade. No

association was demonstrated between VEGF expression

and the expression of KDR/Flk-1. Moreover, KDR/Flk-1

expression were associated with an increased degree of

malignancy, but the significance of this relationship varied

according to the different cut-off levels for positivity that

were used. Neither VEGF nor KDR/Flk-1 was associated

with patient gender. Tumor vascularity, as expressed with the

mean value of MVD using the antibody CD34, was higher in

sarcomas with strong VEGF expression, when compared to

those with absent or faint VEGF expression, but the trend

of the observed association was not statistically significant.

The MVD was significantly associated with tumor grade.

Data on clinical outcome were too sparse to allow a solid

analysis for the evaluation of any association between the

expression of VEGF or KDR/Flk-1 and clinical outcome.

The role of VEGF in soft tissue sarcomas has been

examined in few studies with controversial results. Chao et
al. retrospectively analyzed 79 cases of STSs and found that

increased VEGF cytoplasmic expression was significantly

associated with tumor grade (19). However, VEGF

expression was not an independent predictor of either

overall or disease-free survival. Hayes et al. prospectively

studied 144 patients with STSs and found that increased

serum levels of VEGF were correlated with grade (3).

Yudoh et al. (20) studied 115 STSs and found that high

tissue VEGF concentration was associated with poor overall

survival and disease progression, regardless of the

histological subtype. Recently, 273 patients with STSs were

analyzed in a large trial and it was found that VEGF

expression was not associated with survival in the overall

analysis, while a possible relationship with tumor grade was

not examined (21). Conversely, the subgroup analyses in the

same study revealed a prognostic value of VEGF in the

subtype of leiomyosarcomas. However, modest conclusions

can be drawn from the published literature, since a

remarkable heterogeneity seems to exist among the studies

regarding the included histological subtypes of STSs, the

chosen cut-off levels of VEGF positivity, as well as the

methodology of VEGF evaluation (in serum or in tissue).

Another challenging finding of this study was the

association of MVD with tumor grade and VEGF

expression, although for the latter this was not significant.

The association between MVD and VEGF expression has

been reported for several malignant tumors, such as

osteosarcomas (22), breast carcinomas (10), gastric and

colorectal carcinomas (23, 24), lung carcinomas (25),

prostate cancer (26) and others. In STSs the relationship

between MVD and VEGF has not been extensively
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examined, and the results of the limited reported studies are

still controversial. Iyoda et al. (27) analyzed 27 thoracic

sarcomas and found that VEGF expression correlated

significantly to the mean microvessel count. Conversely, a

study of 54 primary and recurrent synovial sarcomas did not

reveal any association between VEGF expression and MVD

(28). Similarly, in a large study including 115 cases of STSs,

no significant correlation between MVD and VEGF tissue

concentration was reported (20).

Some limitations of our study should be acknowledged.

Firstly, the limited sample size precluded any analyses

regarding differences between the various subtypes and

possible associations with disease progression and survival.

Moreover, the definition of positivity of VEGF and

KDR/Flk-1 that was used may have influenced our results.

The main problem in the reported series on the same topic is

the remarkable heterogeneity of the cut-off level positivity

of both factors. In the present study, we adapted the level of

expression to 10% of tumor cells, a cut-off that was used in

the majority of studies. However, analyses with positivity

defined as any positive stain (>0%) were also performed

with similar results regarding VEGF, but with varying results

when the KDR/Flk-1 receptor was analyzed. Finally, the

present study was not adjusted for other angiogenesis-related

parameters that may interact with VEGF or KDR/Flk-1, or

may be independent prognostic factors in STSs (29, 30).

The present study provides further evidence for the

relationship of VEGF and the degree of malignancy and

tumor vascularization in STSs. In the future, large,

prospective and homogenous studies should examine the role

of such angiogenesis-related factors in tumor aggressiveness

and clinical outcome. The possible implication of such factors

in the development and progression of STSs may offer an

additional therapeutic option with improved anti-angiogenic

agents previously used in experimental models, such as anti-

sense oligonucleotides, monoclonal antibodies and soluble

VEGFRs.
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