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Abstract
Purpose Osteosarcoma is the most common primary malig-
nancy in orthopaedic surgery. Studies suggest that expression
of VEGF and high vascularity within osteosarcoma may
correlate with poor prognosis. The purpose of this study was
to determine whether there was a correlation of VEGF expres-
sion with clinical tumour stage and metastasis.
Methods This retrospective case series examined 54 cases
of osteosarcoma patients who were treated during a ten-year
period. Relevant clinical information included age, gender,
tumour location, stage, adjuvant therapy, morbidity, mortal-
ity, and tumour subtypes. The clinical information was
analysed for correlation of VEGF expression and tumour
prognosis. Tumour sections were examined by routine H&E
and by immunohistochemistry for VEGF, CD31, and the
oncogenes c-myc and c-fos.
Results There was a significantly positive correlation be-
tween VEGF expression and tumour stages among these
cases (p<0.01). The data also suggested a higher cancer

recurrence and more frequent cases of remote metastasis in
the high-VEGF group compared to the low-VEGF group.
VEGF expression also positively associated with c-fos and
c-myc expressions in the primary tumour sections.
Conclusion The results of this study highlight the role of
VEGF in angiogenesis and tumour burden. Data also sug-
gest the influence of VEGF may associate with the eleva-
tions of c-fos and c-myc expression. The development of
novel therapies to target the VEGF pathway in osteosarcoma
may lead to improved survival.

Introduction

Osteosarcoma is the most common primary malignant tu-
mour seen by orthopaedic surgeons, affecting approximately
560 children and adolescents each year in the United States
[1]. The incidence of osteosarcoma peaks during the second
decade of life during periods of rapid skeletal growth. Os-
teosarcoma develops most commonly in the distal femur,
proximal tibia or proximal humerus. More than 85 % of
cases are categorised as primary osteosarcoma, arising de
novo [1]. Osteosarcoma can be subcategorised based on
clinical, radiographic, and histological features as either
intramedullary (conventional, telangiectatic, small cell) or
surface subtypes (parosteal, periosteal).

Despite intensive treatment involving adjuvant chemo-
therapy, wide excision of tumours, and amputation of the
diseased limbs, the five year survival rate is 60 % to 78 %
[2]. Thus, novel therapeutic strategies for osteosarcoma are
needed. Studies have indicated that high metastatic potential
and high recurrence rate of osteosarcoma are associated with
high levels of vascularisation [3]. Vascular endothelial
growth factor (VEGF) is a major angiogenic factor that
induces endothelial cell proliferation and increases the per-
meability of the vascular endothelium [4, 5]. Enhanced
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VEGF gene expression has been reported in primary
tumours from breast, lung, ovary, liver and colon [6–10].
In comparison with other types of cancers, there were lim-
ited clinical reports in the orthopaedic literature search that
suggested the correlation of high VEGF and poor prognosis
in osteosarcoma [11]. These studies showed a possible cor-
relation between VEGF and some indications of clinical
prognosis, while many other clinical situations such as tu-
mour stage, recurrence, and remission rate are not conclu-
sively reported. This study aimed to determine if there is a
correlation between VEGF expression with tumour stage
and metastasis.

Materials and methods

Research design

This retrospective case series study was approved by the
University of Kansas School of Medicine-Wichita’s Human
Subjects Committee. The participating orthopaedic tumour
surgeon conducted a log search of the past ten years to identify
osteosarcoma patients. Based upon this review, histology
tissue blocks were identified and slides prepared by the par-
ticipating musculoskeletal pathologist. For each identified
osteosarcoma patient, one haematoxylin & eosin (H&E)
stained slide and six unstained sections were prepared. The
unstained slides underwent immunohistochemical staining for
VEGF and oncogenes (c-fos and c-myc). Patient charts were
reviewed by one clinical researcher and two medical students
who abstracted relevant clinical information, including age,
gender, primary tumour (osteosarcoma) location, stage at di-
agnosis, adjuvant therapy, morbidity, mortality and tumour
subtype. Histology data and clinical outcomes were then
analysed for correlations of VEGF and tumour prognosis.

Subject selection criteria and sample size justification

The software package PS Power and Sample Size Calcula-
tions (William D. Dupont and Walton D. Plummer, http://
www.mc.vanderbilt.edu/prevmed/ps.htm) was used to cal-
culate the required sample size for testing. We used an
uncorrected chi-square statistic to analyse the null hypothe-
sis. Prior data [12] suggested the probability of lung metas-
tasis in VEGF-negative osteosarcoma was 0.15, whereas the
incidence ratio of lung metastasis in VEGF-positive osteo-
sarcoma was 0.82. At least 14 high and 14 low VEGF
expressed cases were needed to be able to reject the null
hypothesis with a probability (power) of 0.95. The type I
error probability associated with this test of the null hypoth-
esis was 0.05. Given the high and low VEGF expression
ratio of 0.63 : 0.37 from previous data [12], a minimum of
40 clinical cases were needed. Pathologically confirmed

osteosarcoma patients at the medical centre were then en-
rolled to participate in this study. Due to the relative rarity of
the disease, no more than four to ten cases per year were
expected. Therefore, a ten-year review period (2001–2011)
was selected to capture the needed number of patients with a
confirmed diagnosis of osteosarcoma and corresponding
pathological specimens. Our accessible population from
the participating tumour surgeon’s practice (H.R.) was 72.
Of the 72 patients, 54 were included based on the availabil-
ity of corresponding tissue blocks and completeness of
charts.

Histology process and immunohistological (IHC) stains

Tumour specimens in paraffin blocks were cut to 6-μm
sections, and seven section-slides per specimen were pre-
pared. One slide was stained with H&E for histological
evaluation. IHC techniques were performed on the remain-
ing sections to detect expression levels of VEGF, CD31, and
oncogenes c-myc and c-fos. All antibodies were purchased
from Santa Cruz Biotechnology (Santa Cruz, California).
Procedures were performed according to the instructions of
antibody vendors and general protocol for IHC [13]. In
negative control sections, the primary antibody was replaced
by non-immune rabbit sera. Digital images of representative
fields were captured and analysed using the Image-Pro+
software package (Media Cybernetics, Silver Spring, MD).
The level of gene expression and localisation were then
evaluated in six different fields and expressed as integrated
optical density (IOD). Two investigators independently read
all IHC-stained sections and graded the immunostains as 0
(negative), 1 (<20 % positive cells), 2 (<50 % positive
cells), 3 (>50 % positive cells), and 4 (100 % positive)
(Fig. 1). Another classification to distinguish the high and
low expression of VEGF to correlate clinical data was set
such that the specimens with less than 20 % of VEGF+ cells
were the low-VEGF group, whereas specimens with more
than 20 % VEGF-positive cells were the high-VEGF group.

Data analyses

Experimental databases were established to record and ana-
lyse the data generated by the experiments described in the
protocol. Data were managed in Excel, and analyses of the
data were conducted using appropriate statistical testing in
SPSS (ver 16.0, SPSS, Chicago, IL). The histological data
were combined with the clinical database for statistical
analyses. To analyse the correlation between VEGF and
oncogene expression levels with clinical prognosis indica-
tors such as disease staging, metastasis, and tumour recur-
rence, bivariate correlations with Pearson’s correlation
coefficient, Spearman’s rho, and Kendall’s tau-b were com-
puted. Clinical primary tumour stages were converted to
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numerical readings for bivariate correlation analysis: sub-stage
II-A converts to 2.1 and II-B to 2.5, etc. Other comparison
parameters such as age and gender were analysed using a two-
independent samples nonparametric test—Mann-Whitney U
Test.

Source of funding

This study was supported by a Dean’s Pilot Research Grant
(Level I) from University of Kansas School of Medicine-
Wichita, a seed grant from Wichita Medical Research &
Education Foundation, and a grant from Flossie E. West
Memorial Foundation. The funds helped to reimburse travel
expense between collaborators’ institutions for data collec-
tion and specimen transport, cover pathological process
cost, and purchase staining reagents and laboratory supply.

Results

A total of 72 confirmed osteosarcoma cases treated between
2001 and 2011 were identified. Clinical data, without patient
identifiers, were recorded to establish the database. Fifty-
four matched histological tissue blocks were available from
the Sarcoma Institute. Table 1 summarises the clinical data
associated with low or high VEGF expression levels. The
high VEGF group had more patients (n043) as compared to
the low VEGF group (n011). Although there was a wide
range of age in both the low and high VEGF groups, median
ages for were similar at 21.3 years of age for the low VEGF
and 19.3 years of age for the high VEGF groups. The
location with the highest prevalence of tumour was the distal
femur (n026), with the majority (n021) of the patients from

the high VEGF group. There was a higher cancer recurrence
in the high VEGF group (n013) as compared to the low
VEGF group (n03), though this difference did not reach
statistical significance (p00.09). The majority of metastases
were also found in the high VEGF group (n021) compared
to the low VEGF group (n02). Although the comparison
using this method of analysis did not reach statistical sig-
nificance (p00.07), further analysis using bivariate analysis
suggested significant correlations between VEGF expres-
sion and tumour metastatical potentials (see Table 2).

Bivariate analysis was performed with results summarised
in Table 2. Significantly positive Pearson correlations were
observed between VEGF and CD31 (+0.367, p00.006), c-fos
(+0.569, p<0.001) and c-myc (+0.473, p<0.001), with regres-
sion curve fit of f016.144 and p<0.001. Figure 2 illustrates
the correlation curve of VEGF vs. c-fos. Increased c-fos ex-
pression was associated with increased levels of VEGF. Also,
there was a significantly positive correlation between VEGF
expression and stage of tumour (+0.483, p<0.001) and tu-
mour metastasis (+0.314, p00.021). The correlation/regres-
sion analysis indicated a significantly positive correlation of
VEGF and clinical osteosarcoma staging (Pearson correlation
+0.324, p00.036; Fig. 3).

Discussion

Osteosarcoma is a highly malignant bone tumour that usu-
ally affects adolescents and young adults. Advances in mul-
timodality treatments consisting of aggressive adjuvant
chemotherapy and wide tumour resection have markedly
improved the prognosis of patients with osteosarcoma [1].
Nearly half of the patients, however, suffer therapeutic

Fig. 1 Immunohistochemical
stains against vascular
endothelial growth factor
(VEGF) on primary osteosarco-
ma sections. a Grade 1 (<20 %
positive cells). b Grade 2 (<50 %
positive cells). c Grade 3 (>50 %
positive cells). d Grade 4 (100 %
positive). All sections were under
100× magnification
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failures [2]. Treatment of osteosarcoma patients, especially
those who have acquired resistance to current chemotherapy
protocols, remains a challenge. Although the precise mech-
anisms that regulate invasion of tumour cells into adjacent
tissues, the microcirculatory system, and lymphogenic or
haematogenic dissemination with subsequent extravasation
and formation of secondary tumour foci are still unclear, it
appears that high metastatic potential and high recurrence
rate of these tumours are associated with high levels of
vascularisation [3]. Indeed the growth, progression, and

metastasis of all solid tumours are dependent on neovascu-
larisation [14]. Tumour cells absolutely require a permanent
supply of new blood vessels to nourish their growth and
facilitate metastasis. Clinical studies suggest the density of
intratumoural microvessels correlates well with the grade of
invasiveness, the frequency of metastasis, and clinical prog-
nosis in many types of cancer [15, 16].

Intratumoural microvessel angiogenic cascade can be
divided into the pre-vascular phase and the vascular phase
[17, 18]. Transition into the latter phase permits a rapid rate

Table 1 Correlation of patient
data with tumour vascular endo-
thelial growth factor (VEGF)
status

Parameter Low VEGF High VEGF Total (%) p value

Patient number 11 43 54

Age (years) p00.414

Range 11–86 7–81

Median 21.3 19.3

Gender p00.22

Male 8 24 32 (59.3 %)

Female 3 19 22 (40.7 %)

Site p00.568

Distal femur 5 21 26 (48 %)

Proximal tibia 4 10 14 (26 %)

Hip/pelvis 1 6 7 (13 %)

Other 1 6 7 (13 %)

Remission 6 26 32 (59 %) p00.09

Cancer recurrence 3 13 16 (30 %) p00.09

Metastasis 2 21 23 (43 %) p00.07

Table 2 Bivariate correlations

Variable Test CD31 c-fos c-myc Stage Metastasis Recurrence Age Sex

VEGF Pearson Correlation 0.367** 0.569** 0.473** 0.48** 0.314* 0.061 −0.067 −0.143

Sig. (2-tailed) 0.006 0.001 0.001 0.001 0.021 0.659 0.630 0.303

CD31 Pearson Correlation 0.547** 0.292* 0.42 −0.35 −0.084 0.077 −0.264

Sig. (2-tailed) 0.001 0.032 0.763 0.803 0.547 0.578 0.053

c-fos Pearson Correlation 0.391** 0.152 −0.052 −0.176 −0.026 −0.140

Sig. (2-tailed) 0.003 0.272 0.707 0.203 0.854 0.313

c-myc Pearson Correlation 0.251 0.163 0.092 0.051 −0.077

Sig. (2-tailed) 0.068 0.238 0.510 0.712 0.579

Stage Pearson Correlation 0.546** 0.220 −0.109 −0.156

Sig. (2-tailed) 0.001 0.111 0.433 0.260

Met Pearson Correlation 0.671** −0.023 0.104

Sig. (2-tailed) 0.001 0.870 0.452

Recur Pearson Correlation 0.082 0.043

Sig. (2-tailed) 0.557 0.759

Age Pearson Correlation −0.071

Sig. (2-tailed) 0.610

VEGF vascular endothelial growth factor

*Correlation is significant at the 0.05 level (two-tailed)

**Correlation is significant at the 0.01 level (two-tailed)
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of tumour growth and increases metastatic potential. The
development of tumour angiogenesis is believed to be de-
pendent on the net balance between the actions of angio-
genesis promoters and inhibitors. Pro-angiogenic factors are
up-regulated in tumours, and such up-regulation has been
linked to poor prognosis [19]. It appears the pro-angiogenic
factors within solid tumours stimulate host vascular endo-
thelial cell mitogenesis and possibly chemotaxis. A large
number of pro-angiogenic factors have been identified in-
cluding basic fibroblast growth factor (bFGF), platelet-
derived growth factor (PDGF), transforming growth factor
beta-1 (TGFβ1), transforming growth factor alpha (TGFα),

and epidermal growth factor (EGF) [18]. Perhaps the best
characterised pro-angiogenic factor is vascular endothelial
growth factor (VEGF) which is relatively unique among
growth factors in terms of its specificity for the vascular
endothelium [4]. Not only is VEGF a diffusible
endothelium-specific mitogen and angiogenic factor, it also
increases vascular permeability [5] and stimulates/maintains
neovascularisation in a variety of tumour types [20]. Indeed,
enhanced VEGF gene expression has been identified in a
number of malignant tumours from breast, lung, ovarian,
liver, and colon cancer in comparison with normal tissue
[6–10].

Unfortunately, there were few conclusive studies on the
correlations of VEGF expression and osteosarcoma, except
some that showed osteosarcoma patients who expressed high
levels of VEGF but exhibited a poorer prognosis [11, 12].
Kaya et al., after examining 27 primary osteosarcomas and the
correlation between expression of VEGF and microvessels,
clinical-pathological variables, and survival of patients, sug-
gest that patients with VEGF-positive osteosarcoma have a
significantly higher lung metastasis rate and poorer chances of
survival [12]. The sample size of Kaya et al., however, was
relatively small (n027), and their study did not pursue the
downstream molecular events. In this study, we examined and
compared 54 cases of clinical osteosarcoma to correlate the
VEGF expression levels in the primary tumours with the
clinical stages, treatments and outcomes, tumour remission
and recurrence, as well as metastasis and subject survival. Our
data clearly indicate that over-expression of VEGF signifi-
cantly correlated with the advance of the disease stage. In
addition, elevated VEGF also suggested poorer prognosis
such as more frequent incidence of metastasis and higher
tumour recurrence rate, which appeared in agreement with
the previous findings [11, 12].

With the expansion of molecular biology techniques,
genetic alterations in the development and metastasis of
malignant tumours have been observed. These alterations
may result in increased or deregulated gene regulation.
Although numerous oncogenes and tumour suppressor
genes have been identified in osteogenic sarcomas, a select
few seem to be expressed with relatively high incidence: c-
myc proto-oncogene on Chromosome 8 encodes a transcrip-
tion factor which is involved in the regulation of cell
growth, DNA replication, and transcriptional regulation of
specific target genes [21]. The c-fos proto-oncogene, a cel-
lular homologue of v-fos, is associated with many biological
processes ranging from transformation to cell-cycle progres-
sion and cell differentiation [22]. In particular, it seems that
c-fos oncogene is involved in osteoblast and chondrocyte
differentiation [22]. In osteosarcoma studies, c-myc and c-
fos were suggested over-expressed in a relatively high per-
centage of relapsed tumours and metastases [22–25]. How-
ever, there was no report exploring the correlations of VEGF

Fig. 2 Regression plot indicates the significant positive correlation of
c-fos expression with the increased expression of vascular endothelial
growth factor (VEGF) (p<0.01)

Fig. 3 Vascular endothelial growth factor (VEGF) expression correlates
with tumour stages f ¼ y0þ a*xð Þ . Tumour stages are converted to
numerical numbers for statistical analysis purpose: stage II-A converts to
2.1, III-A to 3.1; where stage II-B converts to 2.5, III-B to 3.5, etc. Though
VEGF expression at each level correlates with multiple stages of osteo-
sarcoma, linear regression analysis overall does show a positive correlation
between stage of osteosarcoma and VEGF expression (p<0.01)
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expression and these oncogenes. Data from this study have
confirmed that the expression of c-fos and c-myc were
highly correlated with the expression of VEGF, suggesting
the influence of VEGF may associate with the c-fos and c-
myc pathways in promoting tumour growth and advances.
Further studies are warranted to explore further the potential
molecular signalling pathways.

Since formation of solid tumours is angiogenesis-
dependent, several strategies have been developed for
targeting the VEGF pathway as a prospective anti-
cancer therapy. Potential approaches for blocking VEGF
action include inhibiting secretion of endogenous tumour
VEGF, neutralising VEGF in the microcirculation, pre-
venting VEGF binding to its receptor, and subsequent
signal transduction. Takayma et al. [26] have surmised
from a series of animal experimental data that suppres-
sion of tumour growth by inhibiting VEGF or its recep-
tor can be achieved using (a) neutralising antibodies to
VEGF; (b) a blocking antibody to VEGF receptor; (c)
antisense oligonucleotides against VEGF; (d) an antisense
VEGF expression plasmid; (e) a VEGF-diphtheria toxin
conjugate; (f) a truncated VEGF receptor that inhibits the
functioning of the wild-type receptor in a dominant neg-
ative fashion; and (g) a soluble form of VEGF receptor.
We have also developed a mouse model of orthotopic
osteosarcoma as a useful tool to evaluate the molecular
interactions between alteration of VEGF effects and os-
teosarcoma progression [27]. Data from our laboratory
has shown that virus-mediated soluble VEGF receptor-1
(sFlt-1) significantly halted experimental osteosarcoma
growth [28]. These animal studies lend further support
to the idea that VEGF plays a critical role in tumour
angiogenesis, and indicate the potential of anti-VEGF
treatment as a means of tumour suppression.

Conclusions

Results of this study suggest that there is a positive correla-
tion with osteosarcoma staging and tumour metastasis. Fur-
ther, osteosarcoma stage at diagnosis was positively
correlated with metastatic potential and negatively affected
disease remission. Data also suggest that VEGF expression
positively associates with c-fos and c-myc expressions.
Therefore, development of therapies targeting the VEGF
pathway for osteosarcoma may lead to improved survival
rates when combined with current treatment modalities.

There were limitations to this study, however. First, a
larger sample size would have been desirable to increase
the power of the study. The minimum power needed was
reached for this study, but increased numbers would have
been beneficial in showing stronger correlations. Second,
given the limited number of cases, individual subtype

analysis could not be performed. Therefore, subtype VEGF
expression was not analysed.
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