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High-Dose Chemotherapy and Autologous Stem Cell 
Transplantation in Children with High-Risk or Recurrent Bone 
and Soft Tissue Sarcomas

Despite increasing evidence that high-dose chemotherapy and autologous stem cell 
transplantation (HDCT/auto-SCT) might improve the survival of patients with high-risk or 
recurrent solid tumors, therapy effectiveness for bone and soft tissue sarcoma treatment 
remains unclear. This study retrospectively investigated the feasibility and effectiveness of 
HDCT/auto-SCT for high-risk or recurrent bone and soft tissue sarcoma. A total of 28 
patients (18 high-risk and 10 recurrent) underwent single or tandem HDCT/auto-SCT 
between October 2004 and September 2014. During follow-up of a median 15.3 months, 
18 patients exhibited disease progression and 2 died of treatment-related toxicities (1 
veno-occlusive disease and 1 sepsis). Overall, 8 patients remained alive and progression-
free. The 3-year overall survival (OS) and event-free survival (EFS) rates for all 28 patients 
were 28.7% and 26.3%, respectively. In the subgroup analysis, OS and EFS rates were 
higher in patients with complete or partial remission prior to HDCT/auto-SCT than in those 
with worse responses (OS, 39.1% vs. 0.0%, P = 0.002; EFS, 36.8% vs. 0.0%, P < 0.001). 
Therefore, careful selection of patients who can benefit from HDCT/auto-SCT and maximal 
effort to reduce tumor burden prior to treatment will be important to achieve favorable 
outcomes in patients with high-risk or recurrent bone and soft tissue sarcomas.
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INTRODUCTION

Pediatric bone and soft tissue sarcomas are heterogeneous tu-
mors of mesenchymal origin that make up approximately 10%-
15% of all childhood malignancies (1). The prognosis for chil-
dren with bone and soft tissue sarcomas has significantly im-
proved with the introduction of effective multi-agent chemo-
therapy, more accurate radiotherapy delivery, and aggressive 
surgery for local disease. However, a proportion of children 
with advanced or recurrent sarcomas still have poor prognoses 
with conventional therapy (2-4). To improve the outcome of 
these patients, various efforts have been made, such as intensi-
fication of chemotherapy by interval compression or adding 
active agents to the standard therapy, which provided some 
improvements (5); however, the prognosis of high-risk and re-
current sarcoma remains poor.
 High-dose chemotherapy and autologous stem cell trans-
plantation (HDCT/auto-SCT) has been used as consolidation 
therapy for children with a variety of high-risk or recurrent solid 
tumors (6,7). The rationale for this treatment is that many of 
these tumors are sensitive to chemotherapy and radiation, but 
because of steep dose-response curves to both treatment mo-

dalities, relatively small dose reductions can result in sharp de-
creases in log tumor cell kill (8). Despite increasing evidence 
that HDCT/auto-SCT might improve the survival of patients 
with high-risk or recurrent solid tumors, HDCT/auto-SCT effi-
cacy for bone and soft tissue sarcoma treatment is uncertain (9-
11). Many previous studies investigating HDCT/auto-SCT ef-
fectiveness for various advanced bone and soft tissue sarcomas 
yielded inconclusive results (12-14). 
 With the hypothesis that dose escalation might have benefit 
in high-risk or relapsed bone and soft tissue sarcomas, HDCT/
auto-SCT was performed in a subset of patients. In this study, 
we retrospectively analyzed the feasibility and effectiveness of 
HDCT/auto-SCT in children with high-risk or recurrent bone 
and soft tissue sarcomas.
 

MATERIALS AND METHODS

Twenty-eight patients with bone and soft tissue sarcomas who 
received HDCT/auto-SCT between October 2004 and Septem-
ber 2014 at the Pediatric Stem Cell Transplantation Unit of Sam-
sung Medical Center were retrospectively studied. 
 High-risk sarcomas were defined as those in patients with 
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metastatic disease at diagnosis or for which there was incom-
plete tumor excision. For Ewing sarcomas, centrally located tu-
mors were considered as high-risk.
 Tumor response was categorized according to the Response 
Evaluation Criteria in Solid Tumors, version 1.1. Toxicities were 
graded according to the National Cancer Institute’s Common 
Terminology Criteria for Adverse Events, version 4.03.
 Overall survival (OS) and event-free survival (EFS) were as-
sessed from the date of first HDCT/auto-SCT. Events were pro-
gression of disease, relapse, and death. Survival curves were 
generated according to the Kaplan-Meier method, and com-
parisons between survival curves were performed using the 
log-rank test. P values less than 0.05 were considered statistical-
ly significant.

Ethics statement
The study protocol was approved by the institutional review 
board at Samsung Medical Center, Seoul, Korea (IRB No. 2016-
01-053). The need for informed consent was waived by the board.
 

RESULTS

Patients
Patient characteristics are summarized in Table 1. A total of 28 
patients (18 high-risk and 10 recurrent) received single or tan-
dem HDCT/auto-SCT. Eight patients were diagnosed with sar-

comas of bone origin, and 20 patients were diagnosed with soft 
tissue sarcomas. Ewing sarcoma family of tumor was the most 
common diagnosis followed by osteosarcoma, synovial sarco-
ma, and desmoplastic small round cell tumor. Of the 18 patients 
with high-risk sarcomas, 16 had metastases at diagnosis, and 
the remaining 2 patients had incomplete excision of their pri-
mary tumors. 

HDCT/auto-SCT
Patients received multimodal treatment, including chemother-
apy, radiotherapy, and surgical resection, before receiving HDCT/ 
auto-SCT as a consolidation treatment (Table 1). Single and 
tandem HDCT/auto-SCT were initially planned for 5 and 23 
patients, respectively. Among the 23 patients intended to have 
tandem HDCT/auto-SCT, only 14 patients underwent the sec-
ond HDCT/auto-SCT, and the remaining 9 did not have the 
second HDCT/auto-SCT due to tumor progression after the 
first HDCT/auto-SCT (n = 3), parent refusal (n = 3), poor gen-
eral condition (n = 2), and toxic death during the first HDCT/
auto-SCT (n = 1).
 A variety of HDCT regimens were employed (Table 2). We al-
lowed a 12-week interval between the first and second HDCT/
auto-SCT to prevent toxic deaths in the second HDCT/auto-SCT. 

Hematologic recovery
For tandem HDCT/auto-SCT, roughly half of the collected stem 
cells were infused for marrow rescue during each HDCT/auto-
SCT. A median of 2.4 × 106 CD34+ cells/kg (range, 1.1-17.0) were 
infused for the first HDCT/auto-SCT, and the median times re-
quired to reach an absolute neutrophil count (ANC) of 0.5 × 109/
L and a platelet count of 20 × 109/L without transfusion over the 
previous 7 days were 10 days (range, 8-13) and 23 days (range, 
14-48), respectively. For the second HDCT/auto-SCT, a median 
of 3.2 × 106 CD34+ cells/kg (range, 1.1-17.0) were infused, and 
the median times required to reach an absolute neutrophil count 
(ANC) of 0.5 × 109/L and a platelet count of 20 × 109/L was 10 
days (range, 9-13) and 23 days (range, 16-251), respectively. For 
the 14 patients who received tandem HDCT/auto-SCT, there 
was no statistical difference of time to engraftment of either 
neutrophils or platelets between the first and second HDCT/
auto-SCT (ANC: 10.0 vs. 10.5 days, P = 0.541; platelet: 21.0 vs. 
26.0 days, P = 0.438, respectively).

Toxicities
Acute grade 3-4 toxicities during HDCT/auto-SCT are summa-
rized in Table 3. Frequent toxicities were fever, stomatitis, hypo-
kalemia, elevated liver enzymes, and diarrhea. Two treatment-
related mortalities (7.1%) were noted during the first HDCT/
auto-SCT, and those deaths were attributed to hepatic veno-oc-
clusive disease (n = 1) and sepsis (n = 1). There were no toxic 
deaths during the second HDCT/auto-SCT. 

Table 1. Patient characteristics 

Characteristics n = 28

Sex
   Male/female 18/10
Median age at transplant, yr (range) 16.3 (1.3-21.4)
Diagnoses, No. (%)
   Ewing sarcoma family
   Osteosarcoma
   Synovial sarcoma
   Desmoplastic small round cell tumor
   Rhabdomyosarcoma
   Others*

11 (39.3)
6 (21.4)
3 (10.7)
3 (10.7)
2 (7.1)
3 (10.7)

Treatment prior to transplant, No. (%)
   Chemotherapy alone
   Chemotherapy + Surgery
   Chemotherapy + Radiotherapy
   Chemotherapy + Surgery + Radiotherapy

8 (28.6)
10 (35.7)
6 (21.4)
4 (14.3)

Primary site of tumor, No. (%)
   Soft tissue origin
   Bone origin

20 (71.4)
8 (28.6)

Cause of HDCT/auto-SCT, No. (%)
   High-risk tumor
   Recurrent tumor

18 (64.3)
10 (35.7)

Tumor status prior to HDCT/auto-SCT, No. (%)
   Complete response
   Partial response
   Stable disease
   Progressive disease

15 (53.6)
5 (17.9)
2 (7.1)
6 (21.4)

HDCT/auto-SCT, high-dose chemotherapy and autologous stem cell transplantation.
*Others included malignant peripheral nerve sheath tumor (n = 1), epithelioid inflam-
matory myofibroblastic sarcoma (n = 1), and epithelioid sarcoma (n = 1).
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Tumor response 
Tumor responses before and after HDCT/auto-SCT were sum-
marized in Table 4. Among the 15 patients who achieved com-
plete remission (CR) to prior therapy, all evaluable patients ex-
cept 1 (patient #17) who showed progressive disease (PD) after 
first HDCT/auto-SCT remained CR shortly after the HDCT/au-
to-SCT, and 5 of them still alive without disease. 
 Five patients achieved partial remission (PR) before HSCT/
auto-SCT, and 2 of them (patient #6 and #23) showed stable 
disease (SD) after the HDCT and both of them are alive without 
tumor progression with 57 and 24 months of follow up dura-
tion, respectively. One patient (patient #21) with malignant pe-
ripheral nerve sheath tumor (MPNST) in the brain showed in-
creased enhancing lesion after the HDCT/auto-SCT and seemed 
to have PD, but the lesion decreased without any treatment 
showing long-term survival of the patient. The increased en-
hancing lesion in the brain was retrospectively suspected as ra-
diotherapy related change. Overall, 3 of 5 who showed PR to 
prior therapy remained alive without progression after HDCT/

auto-SCT. Among the 8 patients showed SD or PD after prior 
therapy, 3 patients showed SD during HDCT but finally all of 
them showed disease progression.

Events and survival
Summary of treatment flow and outcome was illustrated in Fig. 
1. The median follow-up duration from the first HDCT/auto-
SCT for all patients was 15.3 months (range, 0.0-66.3 months). 
Eighteen patients exhibited disease progression and 2 patients 
died of treatment-related toxicities. Overall, 8 patients remained 
alive without disease. By disease category, 3 of 11 patients with 
Ewing sarcoma family of tumor, 2 of 6 with osteosarcoma, 1 of 3 
with synovial sarcoma, 1 of 3 with desmoplastic small round 
cell tumor, and 1 of 3 with other sarcomas were alive without 
disease. Of them, 1 patient (patient #16), who was diagnosed 
with desmoplastic small round cell tumor, had a huge pelvic 
mass with multiple peritoneal seedings and received chemo-
therapy, surgery, and whole abdominal radiotherapy followed 
by single HDCT/auto-SCT. One patient (patient #28) with syno-
vial sarcoma relapsed with lung metastases 18 months after 
previous treatment and received salvage chemotherapy and 
surgery followed by tandem HDCT/auto-SCT. Detailed patient 
information is shown in Table 4. 
 The 3-year OS and EFS rates for all patients were 28.7% (95% 
confidence interval [CI], 23.1%-45.7%) and 26.3% (95% CI, 13.4%-
34.5%), respectively (Fig. 2A). There were no differences in OS 
and EFS between patients with tumors of bone origin or those 
with soft tissue sarcomas (OS: 50.0% vs. 28.3%, P = 0.776; EFS: 
37.5% vs. 20.6%, P = 0.578). There were also no differences in 
OS and EFS between high-risk and recurrent tumors (OS: 23.6% 
vs. 60.0%, P = 0.586; EFS: 20.0% vs. 40.0%, P = 0.329) (Fig. 2B). 
However, tumor status prior to HDCT/auto-SCT was a signifi-
cant predictor of outcomes after HDCT/auto-SCT. The OS and 
EFS rates were significantly higher for patients who achieved 
CR or PR to prior therapy compared to those for patients with 

Table 2. High-dose chemotherapy regimens

Regimens Drugs Dose Schedule Total dose

First HDCT regimens
CTE Carboplatin   500 mg/m2/day Days -8, -7, and -6 1,500 mg/m2

Thiotepa   300 mg/m2/day Days -5, -4, and -3    900 mg/m2

Etoposide   250 mg/m2/day Days -5, -4, and -3    750 mg/m2

MEC Melphalan     35 mg/m2/day Days -7, -6, -5, and -4    140 mg/m2

Etoposide     60 mg/kg/day Day -3      60 mg/kg
Carboplatin    500 mg/m2/day Days -4, -3, and -2 1,500 mg/m2

CEC Carboplatin    650 mg/m2/day Days -7, -6, and -5 1,950 mg/m2

Etoposide    650 mg/m2/day Days -7, -6, and -5 1,950 mg/m2

Cyclophosphamide 1,800 mg/m2/day Days -4, -3, and -2 5,400 mg/m2

Second HDCT regimens
CM Cyclophosphamide 1,500 mg/m2/day Days -8, -7, -6, and -5 6,000 mg/m2

Melphalan      60 mg/m2/day Days -4, -3, and -2    180 mg/m2

TBI-CM Total body irradiation   3.33 Gy/day Days -9, -8, and -7   9.99 Gy
Cyclophosphamide 1,000 mg/m2/day Days -6, -5, and -4 3,000 mg/m2

Melphalan      60 mg/m2/day Days -3, and -2    120 mg/m2

Table 3. Acute grade 3-4 toxicities during HDCT/auto-SCT

Parameters
First HDCT/auto-

SCT (n = 28)
Second HDCT/auto-

SCT (n = 14)

≥ 1 episode of fever ( ≥ 38.0°C) 27 (96.4%) 10 (71.4%)
Days of fever ( ≥ 38.0°C), median (range) 5.5 (1-18) 2 (0-8)
Positive blood culture 3 (10.7%) 1 (7.1%)
Stomatitis 18 (64.3%) 3 (21.4%)
Vomiting 6 (21.4%) 2 (14.3%)
Diarrhea 9 (32.1%) 3 (21.4%)
Liver enzyme elevation 12 (42.9%) 1 (7.1%)
Hyperbilirubinemia 5 (17.9%) 1 (7.1%)
Renal insufficiency 0 (0%) 0 (0%)
Hypokalemia 13 (46.4%) 5 (35.7%)
Hyperkalemia 0 (0%) 0 (0%)
Hepatic veno-occlusive disease 1 (3.6%) 0 (0%)
Treatment-related mortality 2 (7.1%) 0 (0%)

HDCT/auto-SCT, high-dose chemotherapy and autologous stem cell transplantation.
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SD or PD after previous treatment (OS: 39.1% vs. 0.0%, P = 0.002; 
EFS: 36.8% vs. 0.0%, P < 0.001) (Fig. 2C).
 

DISCUSSION

The HDCT/auto-SCT treatment strategy is based on the hypo-
thesis that dose escalation might improve survival of children 
with high-risk or recurrent/refractory solid tumors. This strate-
gy has shown clinical benefit in some children with high-risk or 
recurrent solid tumors. Neuroblastoma is the model disease for 
which patients benefit from HDCT/auto-SCT. With the intro-
duction of HDCT/auto-SCT, neuroblastoma patient outcomes 
significantly improved in many studies (15-18). Our institute 
also has reported several studies using HDCT/auto-SCT in pa-
tients with neuroblastoma and brain tumors, and these studies 
showed feasible outcomes and tolerable treatment-related tox-
icities (19-21). 
 The clinical and biologic characteristics of bone and soft tis-
sue sarcoma are different from those of neuroblastoma or pedi-
atric brain tumor, and therefore, the success of HDCT/autoSCT 
in these tumors would not guarantee the usefulness of HDCT/
autoSCT in bone and soft tissue sarcoma. However, the options 
available in the setting of high-risk or recurrent sarcoma are quite 
limited. For this reason, HDCT/auto-SCT was used to treat pa-
tients with high-risk or recurrent bone and soft tissue sarcoma, 

expecting improved survival, and the clinical outcomes from 
this treatment were reviewed in this study. In our study, the tox-
icities of single or tandem HDCT/auto-SCT were tolerable show-
ing 7.1% of treatment-related mortality. The 3-year OS and EFS 
rates for all patients were 28.7% and 26.3%, respectively, and 
patients who achieved CR or PR prior to HDCT/auto-SCT had 
better outcomes. 
 Many previous studies investigated HDCT/auto-SCT effec-
tiveness for various advanced bone and soft tissue sarcomas 
but yielded inconclusive results (12-14), and there were studies 
that showed promising results for HDCT/auto-SCT. Matsubara 
et al. (22) reported the results of HDCT/auto-SCT in 22 patients 
with advanced rhabdomyosarcoma, and 8 (36.4%) were alive 
without evidence of disease. The 5-year OS rate was 70% for the 
14 patients who were in CR at the time of HDCT/auto-SCT. In 
another study of patients with Ewing tumors (23), tandem (n =  
13) or single (n = 7) HDCT/auto-SCT was performed in 20 pa-
tients, yielding OS and EFS rates of 45% and 47%, respectively. 
For osteosarcoma, Hong et al. (24) reported the result of HDCT/ 
auto-SCT in 19 patients with high-risk osteosarcoma, and the 
OS and EFS were 78.3% and 67.4%, at a median follow-up of 31 
months from HDCT/auto-SCT. In a study of 36 patients with 
desmoplastic small round cell tumors treated with HDCT/auto-
SCT (25), the 3-year OS was 57% in patients who achieved CR 
before HDCT/auto-SCT. 

Fig. 1. Overview of treatment flow and outcome. Treatment flow and outcome of all patients were illustrated. Overall, 8 patients (4 high-risk and 4 recurrent tumor) who 
achieved complete remission to prior therapy remained progression-free after high dose chemotherapy. 
CR, complete remission; PR, partial remission; SD, stable disease; PD, progressive disease; HDCT, high-dose chemotherapy; NED, no evidence of disease; DOD, died of dis-
ease; TRM, treatment-related mortality; AWD, alive with disease.
*This patient showed increased enhancing lesion after the HDCT/auto-SCT and seemed to have PD, but the lesion decreased without any treatment. The increased enhancing 
lesion was retrospectively suspected as radiotherapy related change.
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 In our cohort, patients with CR or PR prior to transplant had 
better outcomes from HDCT/auto-SCT. Similarly, the data from 
the French group showed significantly better outcomes for adult 
patients with advanced soft tissue sarcomas who achieved CR 
before HDCT/auto-SCT (26). In addition, Kasper et al. (27) re-
ported that patients with advanced sarcoma who had no evi-
dence of disease before HDCT/auto-SCT gained survival bene-
fits. Therefore, pre-HDCT/auto-SCT disease status may be one 
of the most important factors in predicting outcomes for pa-
tients with advanced stage or recurrent sarcomas. In our study, 
some patients proceeded to HDCT/auto-SCT despite progres-
sive disease after prior therapy because there was no further 

option for the patients. However, since patients achieving a CR 
or PR prior to transplant had better outcomes after HDCT/au-
toSCT in our study, it would be better to attempt to decrease tu-
mor burden before HDCT/auto-SCT. HDCT/auto-SCT can be 
carefully employed as consolidation therapy for patients who 
achieved CR or PR with prior therapy. A new therapeutic ap-
proach to decrease tumor burden, such as targeted therapy, 
could be considered in patients who cannot achieve a CR or PR 
with conventional treatment.
 The frequent toxicities during the HDCT/auto-SCT in this 
study were mucositis-related toxicity, isolated elevated liver en-
zymes and fever, which were manageable without complica-

Fig. 2. Survival graph of all patients. The overall survival (OS) and event-free survival (EFS) rates, which were calculated from the date of transplantation, for all 28 patients are 
28.7% (95% confidence interval [CI], 23.1%-45.7%) and 26.3% (95% CI, 13.4%-34.5%), respectively (A). There are no differences in OS and EFS between high-risk and re-
current tumors (B). The OS and EFS rates are significantly higher in patients who achieved complete remission (CR) or partial remission (PR) to prior therapy compared with 
those in patients who had stable disease (SD) or progressive disease (PD) after prior therapy (C).
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tions. Toxic death occurred in 2 patients during the first HDCT/
auto-SCT showing 7.1% of toxic death rate. This data suggests 
the feasibility of HDCT/auto-SCT with tolerable toxicities. Half 
of our patients underwent tandem HDCT/auto-SCT. Definite 
conclusions regarding tandem HDCT could not be made be-
cause of the small number of patients, but toxicities were toler-
able during the second HDCT/auto-SCT, yielding no treatment-
related mortality.
 Our study has the inherent limitations of being a retrospec-
tive study with small patient number. High-risk patients showed 
similar outcome with recurrent patients, but it can be partly be-
cause of the limitation of retrospective study in that high-risk 
patients who showed poor response to prior therapy could be 
selectively preceded to HDCT/auto-SCT in practical clinical 
setting. A prospective study with specific criteria for enrollment 
and larger patient number is needed to confirm the effective-
ness of HDCT/auto-SCT in patients with bone and soft tissue 
sarcomas.
 In conclusion, HDCT/auto-SCT in patients with high-risk or 
recurrent bone and soft tissue sarcomas was feasible, and pa-
tients might benefit from tandem HDCT/auto-SCT if they can 
achieve CR or PR prior to HDCT/auto-SCT. Therefore, careful 
selection of patients who can benefit from HDCT/auto-SCT 
with maximal effort to reduce tumor burden prior to HDCT/
auto-SCT will be required to improve outcomes for patients with 
high-risk or recurrent bone and soft tissue sarcomas.
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