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Abstract. Several studies have demonstrated that angiogenesis 
assessed by microvessel density (MVD) correlates with patient 
prognosis in various types of cancer, whereas data regarding 
the relevance of angiogenesis and prognosis in malignant bone 
tumors are scarce and controversial. The aim of this study was 
to examine MVD in representative malignant bone tumors, 
such as osteosarcoma, chondrosarcoma and Ewing's sarcoma, 
in order to clarify the role of angiogenesis in prognosis. A total 
of 69 patients with malignant bone tumors, including 44 osteo-
sarcomas, 20 chondrosarcomas and 5 Ewing's sarcomas, were 
reviewed retrospectively and treated at our hospital between 
1980 and 2007. Biopsy or pre-chemotherapy surgical speci-
mens were immunohistochemically stained with anti-CD34 
antibody. The MVD values of osteosarcomas and Ewing's 
sarcomas were significantly higher compared to chondro-
sarcoma. In osteosarcomas with high MVD, American Joint 
Committee on Cancer stage IIA, good histological response to 
chemotherapy was significantly correlated with better disease-
free survival, while MVD was closely associated with age 
and chemotherapy response. In chondrosarcomas, the surgical 
margin (marginal and intralesional), MVD (high), tumor size 
(≥8) and histological grade (grades 2 and 3) significantly 
correlated with a shorter disease-free survival, while MVD 
was closely associated with age and histological grade. These 
findings showed that osteosarcomas and Ewing's sarcomas 
were hypervascular, compared to chondrosarcomas. In 
osteosarcomas, hypervascularity induced good chemotherapy 
response, leading to better prognosis, while in chondrosar-
comas, high MVD was associated with histological grade and 
predicted poor prognosis.

Introduction

Osteosarcoma is the most common primary malignant 
bone tumor, characterized by high metastatic potential. 

Chemotherapy protocols, commencing in the mid-1970s, have 
increased during the 5-year disease-free survival rate from 
approximately 15-20 to 60-70% (1,2). Ewing's sarcoma is the 
second most common malignant bone tumor in children. The 
inclusion of cytotoxic polychemotherapy into multimodal 
treatment strategies has led to marked prognostic improve-
ments in patients with Ewing's sarcoma with 5-year survival 
rates reaching 75% for non-metastasized and 20-40% for 
primary metastasized Ewing's sarcoma (3,4). Over the last 
two decades, however, attempts to further intensify therapy 
using conventional chemotherapeutic drugs, including high-
dose methotrexate, doxorubicin, cisplatin and high-dose 
ifosfamide, have not delivered significantly improved results. 
Furthermore, despite aggressive surgical and chemotherapy 
approaches, patients with unresectable primary tumors or 
with clinically evident metastases still had a poor prognosis. 
Thus, for patients with refractory osteosarcoma and Ewing's 
sarcoma more beneficial prognostic factors and more effec-
tive therapeutic modalities are needed.

Chondrosarcoma is the most common primary bone 
sarcoma in adulthood, generally resistant to radiotherapy 
and chemotherapy, thus surgical wide resection is the only 
curative treatment. The rates of local recurrence, distant 
metastasis and survival vary, while the histological grade of 
cartilage tumors is currently considered to be the best tool 
for the assessment of prognosis (5). However, the histological 
determination of the tumor grade is basically subjective and 
pathologists do not always agree on the extent or level of 
cytological factors of chondrosarcoma cells (6). It is often 
difficult to distinguish a low-grade chondrosarcoma and 
benign processes, such as enchondroma and osteochon-
droma. To assess prognosis, more complex objective methods 
have been sought.

Tumor growth and metastasis have been shown to strongly 
depend on angiogenesis. Folkman  et  al  (7) demonstrated 
the mechanisms and relevance of angiogenesis in malig-
nant tumors. Since then, several reports demonstrated that 
angiogenesis assessed by microvessel density (MVD) was 
correlated with patient prognosis in different types of cancer 
(8), whereas data regarding the relevance of angiogenesis 
and prognosis in malignant bone tumors remain scarce and 
controversial. The aim of this study was to examine MVD in 
representative malignant bone tumors, such as osteosarcoma, 
chondrosarcoma and Ewing's sarcoma, with a view to clarify 
the role of angiogenesis in prognosis and refer to therapeutic 
strategies.
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Patients and methods

Patients. A total of 69 patients with malignant bone tumors, 
including 44  osteosarcomas, 20  chondrosarcomas and 
5 Ewing's sarcomas were reviewed retrospectively and treated 
at our hospital between 1980 and 2007. Subsequent to approval 
of the present study by the Institutional Review Board, clinical 
data from the patients' medical charts were reviewed. Biopsy 
or pre-chemotherapy surgical specimens were immunohisto-
chemically stained.

Surgical resection specimens were used to evaluate 
surgical margins and histologic response to pre-operative 
chemotherapy. The surgical margins were classified using the 
method described by Kawaguchi et al (9), whereby surgical 
margins are evaluated according to the distance between 
the tumor's margin and reactive zone, and divided into four 
categories: curative, wide, marginal and intralesional. The 
reactive zone is composed of hemorrhagic tissue, scar tissue, 
degenerated muscle, edema or the tumor capsule. If the 
surgical margin is >5 cm outside the reactive zone, the margin 
is graded as curative, while it is referred to as wide if the 
margin is <5 cm and outside the reactive zone. A margin in the 
reactive zone is graded as marginal, while one passing through 
a tumor as intralesional. Histologic necrosis subsequent to 
pre‑operative chemotherapy was determined according to 
the Huvos grading system as described previously (10). Each 
case was defined as good (Huvos grades III and IV) or poor 
responders (grades I and II).

Immunohistochemical staining. Each tissue block was cut 
into 6-µm sections, transferred to MAS-coated glass slides 
(Matsunami, Osaka, Japan), deparaffinized in xylene, rehy-
drated in a graded series of decreasing ethanol concentrations, 
then rinsed in TBST (50 mM Tris-HCl, pH 7.6, containing 
0.3 M sodium chloride and 0.1% Tween‑20). Tissue sections 
were immersed in Target Retrieval Solution (DakoCytomation 
Inc., Carpinteria, CA, USA), and subjected to a hot water‑bath 
for 20 min. Subsequent to antigen retrieval, a cooling period 
of 20 min followed. CD34 antibody (Ready-to use N-series 
Qbend 10; DakoCytomation, Inc.) was incubated with the 
tissue sections for 30 min at room temperature in a mois-
ture chamber, then the polymer-peroxidase method was 
used (EnVision®+/HRP; DakoCytomation, Inc.). The reac-
tion products were visualized by exposing the sections to 
3,3'-diaminobenzidine. Nuclei were lightly counterstained for 
~10 sec with Gill's formulation #2 hematoxylin. Non-specific 
reactivity was assessed by omitting the primary antibody.

Microvessel counting. MVD values were calculated by two 
independent observers, according to Weidner's method (11). 
Briefly, in each tumor, hot-spot areas exhibiting the highest 
vessel density were identified by scanning tumor sections at 
low-power magnification (x40). The maximum vessel density 
was determined from these hot-spot areas at fields under high-
power magnification (x400, HPF), and the mean of the counts 
for the three fields was calculated. For a structure to be defined 
a vessel, vessel lumens were not necessary. MVD was classi-
fied as high when ≥39.7, 12.9 and 44.6 (the mean value)/HPF 
in osteosarcomas, chondrosarcomas and Ewing's sarcomas, 
respectively.

Statistical analysis. Disease-free survival was defined as 
the interval from diagnosis to relapse or the last follow-up. 
All survival analyses were evaluated with the Kaplan-Meier 
method and the log-rank test. Statistical significance of 
MVD among osteosarcomas, chondrosarcomas and Ewing's 
sarcomas was determined by the Student's t-test. The asso-
ciation of MVD with clinicopathological parameters was 
analyzed, using the Student's t-test. The analyses were carried 
out with Excel Statistics 2008 (Social Survey Research 
Information, Co., Ltd., Tokyo, Japan). P<0.05 was considered 
to indicate a statistically significant difference.

Results

Diversity of angiogenesis in malignant bone tumors. The 
mean ± standard deviation of MVD was 39.7±31.8, 12.9±32.2, 
and 44.6±33.8 in osteosarcomas, chondrosarcomas and 

Figure 1. Representative immunohistochemical staining of high MVD in 
(A) osteosarcoma, (B) chondrosarcoma and (C) Ewing's sarcoma. Original 
magnification, x100. MVD, microvessel density.
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Ewing's sarcomas, respectively. The MVD values of osteo-
sarcomas and Ewing's sarcomas were significantly higher 
compared to chondrosarcomas (P<0.05, Student's t-test). 
Representative immunohistochemical staining of high MVD 
in osteosarcomas, chondrosarcomas and Ewing's sarcomas is 
shown in Fig. 1.

Survival analysis in osteosarcomas. A total of 42 high‑grade 
osteosarcomas and 2 low‑grade osteosarcomas were reviewed. 
The median age at the time of surgery was 21 years (range, 
10-88). There were 20 males and 24 females. The tumor sites 
were the pelvis in 2 patients and the extremities in 42 patients 
(27 femurs, 10 tibias or fibulas and 5 humeri). According to 
the 6th edition of the American Joint Committee on Cancer 
(AJCC) Staging Manual, 2 tumors were stage IB, 10 were 
stage IIA, 23 were stage IIB and 2 were stage IV (7 missing 
in tumor size). Between 1980 and 1997, 22 patients received 
conventional chemotherapy, including high-dose metho-
trexate, doxorubicin and cisplatin. The combinations of such 
agents were made empirically. Since 1997, two established 
chemotherapy regimens have been in use. NECO-95J and 

K2 protocols were applied in the case of 12 patients between 
1997 and 2002 and 8 patients between 2002 and 2006, respec-
tively. Two patients (>70 years-old) received no chemotherapy 
(12,13). The operative treatments consisted of 26 limb salvage 
operations and 18 ablations. The surgical margins of all limb 
salvage operations were wide, while those of ablations were 
wide or curative. Histologic subtypes comprised osteoblastic 
in 28 tumors, fibroblastic in 6, chondroblastic in 3 and others 
in 7. There were 13 good and 22 poor responders to pre-
operative chemotherapy (7 missing). The median follow-up 
was 5 years and 11 months (range, 2-211 months). There was 
1 local recurrence and there were 19 distant metastases during 
patients' clinical courses. Fifteen patients were deceased, 
27 demonstrated no evidence of disease, while 2 were alive 
with signs of disease. The 5-year actual disease-free survival 
rate was 54.6%.

Sixteen of 42 (38.1%) osteosarcomas demonstrated high 
MVD. High MVD, AJCC stage IIA and good histological 
response to chemotherapy correlated significantly with better 
disease‑free survival (P<0.05, log-rank test) (Fig.  2 and 
Table I). There were statistically significant associations of 

Table I. Prognostic variables in osteosarcoma as determined 
by univariate analysis of disease-free survival.
 
	 5-year DFS
Variable	 (n=44), %	 95% CI	 P-valuea

 
Age (years)
  <20	 56	 40-72	 0.203
  ≥20	 38	 0-94
Gender
  Male	 60	 40-80	 0.697
  Female	 49	 27-71
Tumor site
  Femur	 55	 21-89	 0.944
  Tibia or fibula	 62	 43-80
Surgical stage
  IIA	 89	 68-100	 0.035
  IIB	 47	 26-68
Histology
  Osteoblastic	 52	 32-71	 0.758
  Fibroblastic	 60	 17-100
Surgery
  Amputation	 47	 23-71	 0.529
  Limb salvage	 60	 40-79
Response to chemotherapy
  Poor	 40	 20-61	 0.026
  Good	 76	 53-100
MVD
  Low	 38	 19-56	 0.009
  High	 87	 69-100

aLog-rank test was used for survival analyses. DFS, disease-free 
survival; CI, confidence interval; MVD, microvessel density.

Figure 2. Kaplan-Meier plots of disease-free survival for osteosarcoma 
patients, according to (A) the American Joint Committee on Cancer surgical 
stage, (B) histological response to chemotherapy and (C) MVD.
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MVD with age and chemotherapy response (P<0.05, Student's 
t-test) (Table II).

Survival analysis in chondrosarcomas. The patients with 
chondrosarcoma presented primary lesions without any 
metastases. The median age at the time of surgery was 
42 years (range, 15-71). There were 8 males and 12 females. 
The tumor sites were 12 in the trunk (9  pelvises, 1  rib,  
1 scapula and 1 vertebra) and 8 in the extremity (4  tibias, 
3 humeri and 1 femur). The median tumor size, defined as 
the maximum diameter of the tumor at pathological analysis, 
was 11.7 cm (range, 4-27). Histological grades widely used 
were 14 in grade 1, 3 in grade 2, and 3 in grade 3 (including 
one de-differentiated chondrosarcoma and one mesenchymal 
chondrosarcoma). Sixteen patients were treated with wide, 
2 patients with marginal and 2 patients with intralesional exci-
sion. The median follow-up period was 6 years and 6 months 
(range, 1-192 months). There was 1 local recurrence and there 
were 3 lung metastases during the patients' clinical courses. 
One patient was deceased due to the disease, 1 of another 
cause, while 17 showed no evidence of disease and 1 was 
alive with signs of the disease. The 5-year actual disease-free 
survival rate was 81.3%.

Four of 20 (20%) chondrosarcomas showed high MVD. 
Surgical margin (marginal and intralesional), MVD (high), 

tumor size (≥8) and histological grade (grades 2 and 3) corre-
lated significantly with a shorter disease-free survival (P<0.05, 
log-rank test) (Table III). There were statistically significant 
associations of MVD with age and histological grade (P<0.05, 
Student's t-test) (Table IV).

Discussion

In this study, the diversity of angiogenesis in malignant 
bone tumors was demonstrated. Osteosarcomas and Ewing's 
sarcomas were hypervascular, compared to the chondrosar-
comas. Although MVD in osteosarcomas and chondrosarcomas 
was a possible prognostic marker, it had reverse effects on 
prognosis in osteosarcomas and chondrosarcomas. High MVD 
correlated significantly with a higher disease-free survival in 
osteosarcomas, and a lower disease-free survival in chondro-
sarcomas.

Several studies have examined the clinical significance of 
angiogenesis-related biomarkers in osteosarcomas. Most of 
them, however, were studies with small series, thus the role of 
angiogenesis remains to be clarified. Mikulić et al (14) demon-
strated that high MVD was predictive of a greater probability 
of distant metastasis and of shorter overall and disease-free 

Table III. Prognostic variables in chondrosarcoma as deter-
mined by univariate analysis of disease-free survival.
 
	 5-year DFS	
Variable	 (n=20), %	 95% CI	 P-valuea

 
Age (years)
  <40	 71	 38-100	 0.468
  ≥40	 89	 68-100
Gender
  Male	 70	 34-100	 0.216
  Female	 89	 68-100
Tumor size (cm)
  <8	 100	 0-100	 0.020
  ≥8	 66	 34-98
Tumor site
  Extremity	 100	 0-100	 0.861
  Trunk	 66	 34-98
Histological grade
  1	 93	 79-100	 0.033
  2 and 3	 50	 1-99
Surgical margin
  Wide	 84	 64-100	 0.017
  Intralesional and	 75	 33-100
  marginal
MVD
  Low	 82	 68-100	 0.025
  High	 67	 13-100

aLog-rank test was used for survival analyses. DFS, disease-free 
survival; CI, confidence interval; MVD, microvessel density.

Table II. Association of MVD with clinicopathological charac-
teristics in 44 patients with osteosarcoma.
 
Variable	 MVD	 P-valuea

 
Age (years)
  <20	 46.4±33.7	 0.007
  ≥20	 19.6±10.2
Gender
  Male	 42.6±33.8	 0.293
  Female	 37.2±30.4
Tumor site
  Femur	 42.0±32.0	 0.309
  Tibia or fibula	 36.1±30.9
Surgical stage
  IIA	 44.1±25.5	 0.226
  IIB	 35.2±32.6
Histology
  Osteoblastic	 40.2±32.5	 0.255
  Fibroblastic	 31.0±20.8
Surgery
  Amputation	 35.0±32.9	 0.213
  Limb salvage	 42.9±31.2
Response to chemotherapy
  Poor	 29.6±26.5	 0.043
  Good	 48.3±35.7

aStudent's t-test was used to evaluate the association between MVD 
and parameters. MVD, microvessel density.
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survival. Kaya et al (15) described vascular endothelial growth 
factor (VEGF), a well-known proangiogenic factor. Patients 
with a VEGF-positive tumor showed a shorter disease-free, 
as well as an overall survival period. Numerous other reports, 
however, failed to find a correlation between MVD or VEGF 
and survival (16-18). Conversely, in their study Kreuter et al 
examined 60 patients with high-grade central osteosarcoma and 
found, that patients with a high MVD had significantly longer 
overall and relapse-free survival period, compared to patients 
with low MVD (19). A good response to chemotherapy was 
significantly correlated with a higher MVD, to some extent 
possibly due to the improved accessibility of chemotherapy to 
proliferating osteosarcoma cells. Tumor microcirculation is an 
important factor in drug delivery to cancer cells. The efficacy 
of drug delivery is much higher in a tumor with a high degree of 
microvessels compared to a tumor with low MVD, especially 
in a chemotherapy-sensitive tumor, such as osteosarcoma. In 
contrast to other studies, patients in the present study received 
a standardized treatment with intensive pre- and post-operative 
chemotherapy, as well as intensive chemotherapy, delivering 
results consistent with Kreuter's results, suggesting that hyper-
vascularity might induce good response to chemotherapy, thus 
leading to better prognosis. The improvement of the distribu-
tion of hypovascular osteosarcoma is required.

Angiogenesis is one of the probable elements involved in 
the transformation and progression of neoplasia. It is particu-
larly significant in the progression of cartilage neoplasia, since  
cartilage neoplasia has some phenotypic links to cartilage, 

a vascular tissue. Several studies have demonstrated that 
cartilage tumors have microvessels in the development and 
progression, while the amount of vascularity correlates with 
tumor grade (20-22). To further elucidate angiogenesis in 
cartilage tumors, Kalinski et al  (23) used double-labeling 
immunohistochemistry, using von Willebrad factor and MIB-1 
aiming to show that the proliferating capillary index, better 
characterizing the angiogenic properties of a distinct tumor 
compared to MVD, was significantly higher in conventional 
chondrosarcoma grades II and III compared to enchondroma, 
chondrosarcoma grade I or de‑differentiated chondrosarcoma. 
Nakagawa et al (24) demonstrated that there was a signifi-
cant association of CD34 with histological grades, although 
not with overall prognosis. In the present study, high MVD 
was associated with histological grade and predicted poor 
prognosis in chondrosarcoma. Surgical treatment with wide 
resection was the mainstay of therapy for chondrosarcoma, 
whereas chemotherapy and radiotherapy were negligible in 
their treatment. At present, there is no widely adopted adju-
vant therapy (25). Results drawn from this study seem to be 
of value for the development of antiangiogenic chemotherapy, 
for patients with chondrosarcoma.

MVD was significantly associated with age in both osteo-
sarcomas and chondrosarcomas and was higher in patients aged 
<20 years with osteosarcoma and patients aged <40 years with 
chondrosarcoma. These interesting findings have never been 
described before, however, the present study was limited to a 
small sample size and the multivariate model did not converge. 
Therefore, to confirm the conclusion, additional investigations 
involving a larger number of patients is required.

In conclusion, the present study showed that there 
was diversity of angiogenesis in malignant bone tumors. 
Osteosarcomas and Ewing's sarcomas were hypervascular, 
compared to chondrosarcoma. In osteosarcomas, hypervascu-
larity induced good chemotherapy response, leading to better 
prognosis, while in hypovascular osteosarcoma a better drug 
distribution in tumors is needed. In chondrosarcomas, high 
MVD was associated with histological grade and predicted 
poor prognosis, suggesting the development of antiangiogenic 
chemotherapy for patients with chondrosarcoma. These 
encouraging data should lead to additional studies involving 
larger sample size, to exclude the possibility that these diver-
gences are caused by differences in patients' characteristics 
and methodology in staining and analysis.
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