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Abstract
The dismal prognosis of patients with disseminated Ewing sarcoma necessitates the development of novel treatment strate-
gies. Pazopanib is an oral multi-targeted tyrosine kinase inhibitor that is active against advanced soft tissue sarcoma. However, 
the clinical activity and feasibility of pazopanib for treating Ewing sarcoma remain poorly understood. Moreover, clinical 
information on the use of tandem high-dose chemotherapy for Ewing sarcoma is limited. A 14-year-old boy with Ewing 
sarcoma was transferred to our hospital for treatment. Magnetic resonance imaging, computed tomography scans, and bone 
scintigraphy revealed multiple lesions in the pubis, ilium, ischium, femur, rib, cranial bone, thoracic vertebrae, sacrum, 
obturator muscle, adductor magnus muscle, testicular cord, and lungs. Bone scintigraphy after intensive chemotherapies 
confirmed that multiple abnormal accumulations were still present in the cranial bone and pubis. Subsequently, the patient 
received tandem high-dose chemotherapy including topotecan, and radiotherapy. Abnormal accumulations have disappeared 
in bone scintigraphy. Subsequently, pazopanib maintenance therapy was initiated. Despite the presence of innumerable 
lesions at diagnosis, the patient has been in near-complete remission for the past 1 year with pazopanib administration. This 
confirms that adding pazopanib maintenance therapy after tandem high-dose chemotherapy is a therapeutic option for cases 
with disseminated Ewing sarcoma.
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Introduction

The prognosis of patients with disseminated Ewing sarcoma 
is dismal with a survival rate in the range of 0–30% despite 
the administration of intensive cytotoxic chemotherapy 
including high-dose chemotherapy [1–5]. Accordingly, 
novel treatment strategies are urgently needed for treating 
these patients. Pazopanib is an oral multi-targeted tyros-
ine kinase inhibitor that has been demonstrated to prolong 

progression-free survival of patients with advanced soft tis-
sue sarcoma [6]. However, the clinical activity and feasibil-
ity of pazopanib for treating patients with Ewing sarcoma 
remains poorly understood. Moreover, the clinical experi-
ence of using tandem high-dose chemotherapy for Ewing 
sarcoma is limited. Here, we describe the case of a patient 
with disseminated Ewing sarcoma who underwent pazo-
panib maintenance therapy after tandem high-dose chemo-
therapy including topotecan. Despite having innumerable 
lesions at diagnosis, the patient remains in near-complete 
remission for the past 1 year.

Methods

We obtained informed consent from the patient’s guardians 
regarding the off-label use of topotecan, melphalan, and 
cyclophosphamide (TMC) conditioning high-dose chemo-
therapy and pazopanib maintenance therapy for Ewing 
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sarcoma, both of which were approved by the Institutional 
Review Board of the Kobe Children’s Hospital.

Toxicity was graded according to the Common Termi-
nology Criteria for Adverse Events (CTCAE), version 5.0.

Case report

A previously healthy 14-year-old boy visited his family phy-
sician clinic complaining of pain in the left hip. A computed 
tomography (CT) scan revealed a tumor in the pelvis. He 
was referred to the local hospital and underwent a biopsy of 
the left pubis. A pathological examination revealed a small 
round cell tumor, which was immunohistochemically posi-
tive for CD99 and NKX2-2 (Fig. 1a–c). FISH indicated rear-
rangement of EWSR1 (Fig. 1d). Based on these findings, he 
was diagnosed with Ewing sarcoma and transferred to Kobe 
Children’s Hospital (Kobe, Japan) for treatment. Magnetic 
resonance imaging (MRI) and CT scans revealed innumer-
able lesions in the pubis, ilium, ischium, femur, rib, cranial 
bone, thoracic vertebra, sacrum, obturator muscle, adductor 
magnus muscle, testicular cord, and lungs (Fig. 2a–f). Bone 
scintigraphy showed multiple abnormal accumulations in the 
pelvis, cranial bone, thoracic vertebrae, and left rib (Fig. 2g), 
although the bone marrow was not involved. He received six 
courses of vincristine, ifosfamide, doxorubicin, and etopo-
side (VIDE) at 3-week-intervals, according to the European 

Ewing Tumor Working Initiative of National Groups (Euro-
EWING 99) trial [1, 7], without major side effects. Bone 
scintigraphy after six cycles of VIDE showed that multiple 
abnormal accumulations were still present, albeit slightly 
reduced in size and number. Subsequently, he received two 
courses of vincristine, actinomycin-D, and ifosfamide (VAI). 
Surgical indication was not an option because of persistent 
disseminated lesions. Alternatively, two courses (3-week 
interval) of salvage chemotherapy consisting of temozolo-
mide (100 mg/m2/day; day 1–5) and irinotecan (20 mg/m2/
day; day 1–5 and day 8–12) (TMZ/CPT-11) were admin-
istered [8]. MRI after chemotherapy (6 cycles of VIDE, 2 
cycles of VAI, and 2 cycles of TMZ/CPT-11) revealed mul-
tiple lesions still present in the pubis, ilium, ischium, femur, 
rib, cranial bone, thoracic vertebra, and sacrum (Fig. 3a, b). 
Bone scintigraphy confirmed that multiple abnormal accu-
mulations were still present in the cranial bone and pubis, 
although in a reduced size and number (Fig. 3c). The patient 
received the initial high-dose chemotherapy with autolo-
gous stem cell rescue. The conditioning regimen consisted 
of topotecan (3.5 mg/m2/day × 5 days), melphalan (70 mg/
m2/day × 2 days), and cyclophosphamide (1000 mg/m2/
day × 3 days). No major adverse event other than hematolog-
ical toxicity was observed (white blood cell count decreased, 
grade 4; lymphocyte count decreased, grade 4; neutrophil 
count decreased, grade 4; platelet count decreased, grade 
4; febrile neutropenia, grade 3; anemia, grade 2; nausea, 

Fig. 1  Histological and fluorescence in  situ hybridization (FISH) 
findings of the tumor at diagnosis. Boxed images in the right upper 
corner are the magnification of each image. Hematoxylin–eosin 
(H–E) stain showed small round tumor cells (a). Immunohistochemi-

cal analysis demonstrated positivity for CD99 and NKX 2.2 (b, c). 
FISH demonstrated EWSR1 split signal pattern with a pair of fused 
yellow signals and split red (5′ EWSR1) and green (3′ EWSR1) signals 
(d)
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grade2). Two months after the first high-dose chemotherapy, 
he underwent the second high-dose chemotherapy; no major 
side effects other than hematological toxicity were observed. 
The conditioning regimen consisted of busulfan (12.8 mg/
kg) and melphalan (180 mg/m2). Subsequently, he received 
intensity-modulated radiation therapy (IMRT) to the pelvis 

and cranial bone at doses of 50.4 and 30.6 Gy, respectively. 
The dose of radiotherapy to the cranial bone was limited 
because of anticipated neurotoxicity following high-dose 
chemotherapy that included busulfan.

After the radiotherapy, MRI revealed that multiple lesions 
in the pubis, ilium, and cranial bone were reduced in a size, 

Fig. 2  Representative images of contrast-enhanced T1-weighted 
magnetic resonance imaging (a–d), computed tomography (e, f), and 
bone scintigraphy (g) at diagnosis. Disseminated tumors in the pel-

vis (a–c, and g), left femur (b), thoracic vertebrae (d and g), cranial 
bone (e and g), and bilateral lungs (f) are shown. Arrowheads indicate 
lesions (a–f) and abnormal accumulations (g)
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Fig. 3  Contrast-enhanced T1-weighted magnetic resonance imaging 
and bone scintigraphy before the high-dose chemotherapy (HDCT) 
(a–c), after HDCT and radiotherapy (d–f), and 1 year after initiating 
pazopanib (g–i). Abnormal accumulations were noted in the cranial 
bone and pubis before HDCT (c). Abnormal accumulations in bone 
scintigraphy have diminished after HDCT and radiotherapy (f) and 
remained undetectable  1  year after initiating pazopanib (i). Lesions 

in the pubis have reduced in size, with almost negligible contrast 
enhancement during the treatment (a, d, and g). Remaining contrast 
enhancement in the thoracic vertebrae before HDCT (b) has dimin-
ished after HDCT and radiotherapy (e) and remained undetected 
1 year after initiating pazopanib (h). Arrowheads indicate lesions (a, 
b, d, e, g, and h) and abnormal accumulations (c)
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number, and contrast enhancement (Fig. 3d). Abnormal 
accumulations diminished in bone scintigraphy as well as 
the contrast enhancement in the thoracic vertebrae in MRI 
(Fig. 3e, f). Based on these findings, we concluded that the 
patient achieved near-complete remission. Subsequently, 
pazopanib maintenance therapy was initiated at 400 mg/day, 
which was eventually increased to 800 mg/day. At the last 
follow-up (1 year after initiating pazopanib), MRI revealed 
that multiple lesions were reduced in size, showing almost 
negligible contrast enhancement (Fig. 3g, h). In addition, 
abnormal accumulations remain undetected in bone scintig-
raphy (Fig. 3i). In this case, whitening of hair (grade 1), mild 
exfoliative dermatitis (grade 1), and mildly elevated thyroid 
stimulating hormone (grade 1) were observed, but did not 
require intervention. After continuing pazopanib therapy, he 
has been in near-complete remission for 1 year without the 
presence of abnormal accumulations (based on bone scin-
tigraphy findings).

Discussion

Here, we report on a novel treatment strategy of pazopanib 
maintenance therapy after tandem high-dose chemotherapy 
for disseminated Ewing sarcoma (Fig. 4). Despite having 
innumerable lesions at diagnosis, our patient remains in a 
state of near-complete remission.

Previous clinical trials incorporating tandem high-dose 
chemotherapy, including high-dose thiotepa, have failed 
to improve outcomes of high-risk Ewing sarcoma [4, 9]. 
Based on these findings, our aim was to develop a novel 
conditioning regimen that would achieve treatment suc-
cess. High-dose topotecan, melphalan, and cyclophospha-
mide (TMC) with autologous stem cell support is reported 
to be a safe and effective regimen for adult patients with 
ovarian cancer and multiple myeloma [10, 11]. To the 
best of our knowledge, our case is the first report on the 

feasibility of tandem high-dose chemotherapy incorporat-
ing the TMC regimen for treating Ewing sarcoma. The 
commonly used busulfan and melphalan conditioning regi-
men was chosen for the second high-dose chemotherapy 
[1].

To date, only four case reports have shown efficacy of 
pazopanib in treating Ewing sarcoma. However, in three 
out of four cases, the duration of the effect was limited 
to several months [12–15]. Furthermore, the patients in 
these studies did not receive high-dose chemotherapy. 
To the best of our knowledge, this is the first to report 
on the feasibility of pazopanib after tandem high-dose 
chemotherapy. There is a possibility that the near complete 
remission status induced by HDCT and radiotherapy was 
maintained regardless of pazopanib treatment. Despite the 
limitation, given that the estimated survival rate of similar 
patients (aged > 14 years, > 5 bone metastases, primary 
tumor volume > 200 ml, and lung metastases) is less than 
10% [1], this novel treatment strategy was well tolerated 
and has potential efficacy.

Our findings indicate that pazopanib maintenance ther-
apy after tandem high-dose chemotherapy is a therapeu-
tic option for disseminated Ewing sarcoma. Based on the 
outcome of this case, we recommend that large prospec-
tive clinical trials are undertaken to assess the efficacy of 
pazopanib maintenance therapy after tandem high-dose 
chemotherapy for disseminated Ewing sarcoma.
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Fig. 4  Schematic overview of the treatment strategy for disseminated 
Ewing sarcoma. Bu busulfan, CPT-11 irinotecan, HDCT high-dose 
chemotherapy, IMRT intensity-modulated radiation therapy, Mel mel-

phalan, SC stem cell, TMC topotecan, melphalan, and cyclophospha-
mide, TMZ temozolomide, VAI vincristine, actinomycin-D, and ifos-
famide, VIDE vincristine, ifosfamide, doxorubicin, and etoposide
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