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  Purpose: In this study, we investigated the clinical char-
acteristics and treatment results of osteosarcoma during 
the past 7 years, and evaluated the role of high dose che-
motherapy (HDCT) with autologous stem cell trans-
plantation (ASCT). 
  Materials and Methods: We retrospectively analyzed 
the clinical data of patients who were diagnosed as os-
teosarcoma at our center from January, 2000 to 
December, 2007.
  Results: The 5-year overall survival and event-free sur-
vival of the patients were 72.6% and 55.9%, respectively. 
Seventeen (41.5%) patients showed disease pro-
gression during treatment or relapse after the end of 
treatment. The patients who had metastasis at diagnosis 

or who had a lower grade of necrosis after neoadjuvant 
chemotherapy showed decreased overall and event-free  
survival. Four patients received ASCT after HDCT, and 3  
of them are alive without disease.
  Conclusions: The patients who relapsed or had re -
fractory osteosarcoma or who had metastasis at diag-
nosis or a lower grade of necrosis after neoadjuvant che-
motherapy showed poor prognosis. HDCT with ASCT 
could be an alternative treatment option for these  
patients. (Cancer Res Treat. 2008;40:172-177)
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INTRODUCTION

  Osteosarcoma is the most common primary bone tumor in 
childhood and adolescence. It occurs preferentially in male, and 
develops primarily during the puberty undergoing rapid growth. 
In the past, when surgery was the only treatment, most patients 
showed relapse after amputation, and the 5-year survival rate 
was less than 10% (1). With the introduction of neoadjuvant 
chemotherapy, the 5-year survival increased up to 70% and 
limb-salvage operation became possible improving the quality 
of life (2-5). However, treatment outcomes are still poor in 
cases of relapse or refractory osteosarcoma or cases showing 
metastasis at the time of diagnosis.
  We analyzed the clinical characteristics, prognostic factors, 
and treatment outcomes of patients treated for osteosarcoma, 

and evaluated the role of autologous hematopoietic stem cell 
transplantation (ASCT) following high dose chemotherapy 
(HDCT) to improve the treatment outcome of osteosarcoma. 

MATERIALS AND METHODS

  We retrospectively analyzed the medical record of 41 
patients who were diagnosed and treated as osteosarcoma at 
Seoul National University Children’s Hospital from January, 
2000 to December, 2007.
  For diagnosis, simple radiography and magnetic resonance 
imaging (MRI) were taken on the primary site, and chest 
radiography, chest computed tomography (CT) and bone scan 
were taken to assess metastasis. Biopsy of primary site was 
done for pathologic diagnosis.
  Neoadjuvant chemotherapy was administered to all cases 
except 3 cases which were suspected to be benign tumors such 
as chondroma or meningioma and thus surgical resections were 
performed. Neoadjuvant chemotherapy was administered by 
two methods largely depending on whether intra-arterial chemo-
therapy was feasible or not. For patients for whom intra-arterial 
chemotherapy was feasible with primary sites at the distal 
femur or the proximal tibia, 130 mg/m2 cisplatin was admini-
stered for 2 hours through an intra-arterial catheter, and 60 
mg/m

2 doxorubicin was infused continuously for 72 hours intra-
venously, which was repeated 4 times at 3 weeks interval. For 
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Table 1. Patient characteristics

Median age in years (range)
Sex (%)
  Male
  Female
Primary site (%)
  Distal femur
  Proximal tibia
  Proximal femur
  Proximal humerus 
  Distal tibia
  Others
Metastasis at diagnosis (%)
  Lung metastasis
  Bone metastasis 
Pathology (%)
  Osteoblastic type
  Chondroblastic type
  Giant cell-rich osteosarcoma
  Unclassifiable
Neoadjuvant chemotherapy* (%)
  IA§ cisplatin＋IV∥ doxorubicin
  IV∥ chemotherapy
Operation (%)
  Limb salvage operation
  Tumor excision 
  Amputation 
  Not done†

Necrosis (%)‡

  N¶≥90%
  50%≤N¶＜90%
  10%≤N¶＜50%
  N¶＜10%
  Unknown

11.5 (6∼15)

28 (68.3)
13 (31.7)

22 (53.7)
 5 (12.2)
4 (9.8)
3 (7.3)
2 (4.9)

 5 (12.2)

 9 (22.0)
2 (4.9)

30 (73.2)
 7 (17.1)
1 (2.4)
3 (7.3)

21 (55.3)
17 (44.7)

33 (80.5)
4 (9.8)
3 (7.3)
1 (2.4)

20 (54.1)
10 (27.0)
 4 (10.8)
2 (5.4)
1 (2.7)

*Four patients underwent tumor excision first suspecting benign 
or other diseases. 

†One patient could not receive an operation 
because rapid progression before surgery. ‡This included only the 
patients who received neoadjuvant chemotherapy and surgery. 
§intraarterial, ∥intravenous, ¶necrosis.

cases with tumors in the site where the intra-arterial approach 
was not possible or intra-arterial chemotherapy was no longer 
feasible because of lesions in the skin or muscles, chemothe-
rapy was administered through the vein. In such cases, cisplatin 
(120 mg/m

2, d0), doxorubicin (25 mg/m2, d1-3), and high dose 
methotrexate (12 g/m2, d21, d28) were administered two times 
at 5 weeks interval. After the neoadjuvant chemotherapy, for 
cases that prosthesis required for surgery was not ready, chemo-
therapy was administered one cycle more than the planned 
cycle. Depending on the clinical features after neoadjuvant 
chemotherapy, limb salvage operation or amputation was 
conducted. As postoperative adjuvant chemotherapy, cisplatin 
(120 mg/m2, d0), doxorubicin (25 mg/m2, d1-3), and high dose 
methotrexate (12 g/m

2, d21, d28) were administered 4 times at 
5 weeks interval, or cisplatin (120 mg/m2

, d0) and ifosfamide 
(1,800 mg/m2, d0-4) were administered alternately at 5 weeks 
interval. For some patients, chemotherapy using bleomycin, 
cyclophosphamide, and dactinomycin was administered 
additionally 3∼6 times. Chest radiography was taken in each 
cycle to assess cardiomegaly and echocardiography was done 
when the accumulated dose of doxorubicin exceeded 100 
mg/m2, 200 mg/m2 or 300 mg/m2. For cases showing the 
impairment of cardiac function, chemotherapy was switched to 
the regimen containing ifosfamide, carboplatin, and etoposide.
  For recurred patients, cyclophosphamide, topotecan, etoposide, 
and high dose methotrexate were used primarily, and surgical 
treatment for the recurred area was carried out before or after 
the chemotherapy. From 2006, ASCT with HDCT were per-
formed in patients recurred or patients with pulmonary meta-
stasis at diagnosis. 
  In all patients, during the treatment, simple radiography on 
the primary site and chest CT were taken to assess the disease 
progression at 3 months interval. Survival time was obtained 
based on the date of diagnosis, and event was defined as dis-
ease progression, relapse, or death. Kaplan-Meier analysis and 
log-rank univariate comparisons were used to evaluate overall 
survival and event-free survival.

RESULTS

1) Clinical characteristics

  During the study period, 42 patients were diagnosed as osteo-
sarcoma. Among them, one patient was diagnosed as periosteal 
osteosarcoma and thus excluded from the analysis, and total 41 
patients were analyzed. The clinical characteristics of patients 
were summarized in Table 1. The median age of patients was 
11.5 years (range: 6∼15 years), and 28 patients (68.3%) were 
male. Distal femur was the most common primary site with 22 
cases (53.7%). Nine patients (22.0%) had pulmonary metastasis 
at the time of diagnosis and two patients (4.9%) had bone 
metastasis. Osteoblastic type was the most prevalent pathologic 
type with 30 cases (73.2%), chondroblastic type was observed 
in 7 cases (17.1%), and in 1 patient, giant cell-rich osteosar-
coma which is rare variant was observed. Pathologic subtypes 
were not classifiable in 3 patients because tissues obtained by 
biopsy prior to chemotherapy were not sufficient for the classi-
fication and tissues after surgery showed extensive necrosis in 
2 patients and severe tissue deformity in 1 patient. 

  Total 38 patients received neoadjuvant chemotherapy, and 3 
patients were suspected to have benign tumors initially and thus 
tumor resections were carried out without neoadjuvant chemo-
therapy. Among the 38 patients, 21 patients received intra-arterial 
cisplatin. Two patients developed dermatitis and myositis after 
receiving intra-arterial chemotherapy, hence, chemotherapy was 
switched to intravenous injection. Amputations were carried out 
on 3 patients, and 2 of them underwent amputation at a later 
time after limb salvage operation because of poor blood 
circulation or non-union. 
 The degree of necrosis level is shown in Table 1. The pro-
portion of patients who showed more than 90% necrosis was 
higher in the intra-arterial chemotherapy group (66.7%) than in 
the intravenous group (40%), but the difference was not signi-
ficant (p=0.175).
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Fig. 2. The 5-year overall survival (51.6%) and event-free survival (29.2%) of patients who showed necrosis less than 90% after the 
neoadjuvant chemotherapy were lower than the overall survival (94.7%) and event free survival (84.4%) of the other patients (p=0.012 
and p=0.002).

Fig. 1. The 5-year overall survival (43.8%) and event-free survival (11.1%) of patients with metastasis at diagnosis were lower than the 
overall survival (80.0%) and event free survival (69.7%) of the other patients (p=0.014 and p=0.000).

2) Recurrent cases or patients with disease progression 
during treatments

  Seventeen patients (41.5%) showed disease progression during 
the treatments or relapse after the completion of treatments 
(Table 2). Excluding 3 patients whose follow up observations 
were ceased, 9 patients of 14 patients (64.3%) died because of 
the progression of disease, and 1 of them showed recurrence 
of disease after ASCT. Among the remaining 5 patients, 3 
patients are alive without disease after receiving ASCT, 1 
patient is alive after pulmonary metastectomy and secondary 
chemotherapy, and the remaining 1 patient is currently under 
secondary chemotherapy. 

3) ASCT following HDCT 

  The HDCT followed by ASCT was performed on 4 patients 
(Table 3). The ASCT was done because of relapse in 2 patients, 
disease progression in 1 patient and metastasis at diagnosis in 
1 patient. Three patients received melphalan (140 mg/m2

, d-7 
and 70 mg/m2, d-6), etoposide (200 mg/m2, d-8∼d-5), and 
carboplatin (400 mg/m2, d-8∼d-5) as HDCT, and 1 patient 

received melphalan (140 mg/m2, d-7 and 70 mg/m2, d-6), 
topotecan (2 mg/m

2, d-8∼d-4), and carboplatin (500 mg/m2, 
d-5∼d-3). During the HDCT, one patient (No. 16) showed 
acute renal failure with 5.8 mg/dL of serum creatinine level and 
15.24 ml/min/m2 of glomerular filtration rate, but the patient 
improved after supportive treatment without dialysis. Other 
severe side effects such as veno-occlusive disease or sepsis 
were not shown. In all four patients, transplants engrafted well, 
and 3 patients are under the follow up observation without the 
evidence of recurrence. In one patient, the disease recurred 3 
months after ASCT and the patient died because of the disease 
progression. 

4) Survival 

  The follow up duration of the entire patients was average 46 
months (4∼98 months). The 5-year overall survival was 72.6 
% and event-free survival was 55.9%. The 5-year overall sur-
vival and event-free survival of the group treated with intra- 
arterial chemotherapy were 82.0% and 63.8%, respectively, 
which were higher than the survival rates of the intravenous 
chemotherapy group (63.5% and 50.2%, respectively), but the 
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differences were not significant (p=0.208, p=0.385). The 5-year 
overall survival (43.8%) and event-free survival (11.1%) of 
patients with metastasis at diagnosis were lower than the overall 
survival (80.0%) and event free survival (69.7%) of the patients 
without metastasis (p=0.014 and p=0.000) (Fig. 1). Also, the 
5-year overall survival (51.6%) and event-free survival (29.2%) 
of patients who showed necrosis less than 90% after the 
neoadjuvant chemotherapy were lower than the overall survival 
(94.7%) and event free survival (84.4%) of the patients whose 
necrosis rates were over 90% (p=0.012 and p=0.002) (Fig. 2). 

DISCUSSION

  The use of chemotherapy has significantly changed the 
treatment outcome of osteosarcoma. The long term survival rate 
was less than 20% when patients received surgery only (1), but 
the survival rate reached 50∼70% after the introduction of 
chemotherapy in the 1970s (2-5). Particularly, by the admini-
stration of neoadjuvant chemotherapy, limb salvage surgery 
became feasible, and the response to neoadjuvant chemotherapy 
was able to be used as a good marker to predict the long term 
survival rate (6,7). Drugs that are shown to be effective on 
osteosarcoma are cisplatin, methotrexate, doxorubicin and ifos-
famide, and present chemotherapy is based on these four drugs 
(8,9). However, established treatment protocols are absent for 
recurrent cases or refractory osteosarcoma unresponsive to 
conventional therapies, and various clinical trials are ongoing. 
  In our study, the 5-year survival rate of the entire patients 
did not differ from the survival rate reported previously. But 
the rate of recurrence or progression during the treatment with 
conventional drugs was 41.5%, and the mortality rate was high 
in these patients. In addition, the long term prognosis was poor 
in patients with metastasis at the time of diagnosis and patients 
poorly responded to neoadjuvant chemotherapy. Therefore, for 
the improvement of the treatment outcome of osteosarcoma, 
alternative therapeutic options are required for relapsed patients, 
unresponsive patients, patients with metastasis at the time of 
diagnosis, and patients with poor response to neoadjuvant che-
motherapy.  
  We performed ASCT following HDCT from the year of 
2006 for patients with recurred osteosarcoma or patients with 
metastasis at the time of diagnosis. Until now, 4 patients 
received ASCT, and 3 of them are alive without disease. Two 
of them are alive with long term disease-free survival of longer 
than 2 years and 6 months. For osteosarcoma, ASCT following 
HDCT has been attempted by several groups previously, and 
it has been reported that many patients showed disease 
remission after HDCT and their survival time was prolonged 
(10,11). However, one study reported that patients who showed 
remission after ASCT relapsed ultimately in many cases, and 
thus the 3-year survival rate was approximately 20% (10). We 
performed HDCT using melphalan, carboplatin, and etoposide 
(or topotecan). Although the follow up duration is not sufficient 
yet, based on the present results, ASCT with HDCT could be 
an alternative treatment option in recurrent patients, refractory 
patients, patients with metastasis at the time of diagnosis and 
patients poorly responded to neoadjuvant chemotherapy. Long 
term follow ups on a larger number of patients are required 

in the future. 
  We administered intra-arterial cisplatin in cases intra-arterial 
chemotherapy was feasible. From the 1990s, intra-arterial 
chemotherapy with cisplatin has been attempted, and the effect 
on the long term survival rate is controversial in comparison 
with the intravenous administration. But, the tumor necrosis 
rate was found to be superior to the intravenous injection 
(12,13). It has been also reported that the treatment could be 
done readily, and the treatment response was also good (14). 
In our study, although it was not statistically significant, the 
necrosis rate and survival rate were higher in the intra-arterial 
chemotherapy group compared to the intravenous group. 
Therefore, it is required to analyze the long term prognosis of 
the intra-arterial administration of cisplatin in a larger number 
of patients. 

CONCLUSION

  With the introduction of chemotherapy, treatment outcome of 
osteosarcoma showed a remarkable improvement. However, the 
long term survival rate is still low in the recurrent patients, 
refractory patients, patients with metastasis at the time of 
diagnosis, and patients with poor response to neoadjuvant che-
motherapy. Therefore, to improve the treatment outcome of 
osteosarcoma, more aggressive treatments for such patients are 
required, and HDCT with ASCT could be one of the alternative 
approaches.
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