
R E S E A R C H Open Access

© The Author(s) 2025. Open Access  This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, 
sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and 
the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included 
in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a copy of this licence, visit ​h​t​t​p​:​​​/​​/​c​r​e​a​t​i​​v​e​c​​o​m​m​​o​n​​s​​.​o​​r​​g​/​l​i​c​e​n​s​​e​s​/​​b​​y​/​4​.​0​/.

Bayram et al. Molecular and Cellular Pediatrics           (2025) 12:25 
https://doi.org/10.1186/s40348-025-00213-0

Molecular and Cellular 
Pediatrics

*Correspondence:
Nihan Bayram
drnihanbayram@gmail.com
1Department of Pediatric Hematology and Oncology, Bezmi Alem 
University, Istanbul, Turkey
2Department of Pediatric Hematology and Oncology, Istanbul Medipol 
University, Istanbul, Turkey
3Department of Medical Biology, Istanbul Medipol University, Istanbul, 
Turkey
4Department of Radiation Oncology, Istanbul Medipol University, 
Istanbul, Turkey
5Department of Orthopedic Surgery, Acıbadem University Hospital, 
Istanbul, Turkey

Abstract
Introduction  Ewing sarcoma (ES) is an aggressive pediatric bone and soft tissue malignancy. Despite advances in 
multimodal therapy, outcomes remain suboptimal for patients with high-risk features such as large tumor volume, 
poor histologic response, disseminated disease, or relapse. Maintenance strategies have gained interest in pediatric 
sarcomas, but evidence in ES is limited. Pazopanib, an oral multi-targeted tyrosine kinase inhibitor, has shown activity 
in adult soft tissue sarcomas; however, data on its use as maintenance therapy in pediatric ES are scarce.

Methods  We retrospectively analyzed six pediatric ES patients who received pazopanib as maintenance therapy 
following consolidation treatment or, when applicable, after high-dose chemotherapy with autologous stem cell 
transplantation. Indications included poor-risk localized disease, relapse, or stable residual disease after frontline 
therapy. Pazopanib dosing, duration, toxicity, and clinical outcomes were reviewed.

Results  Pazopanib was administered at doses of 400–800 mg in five patients and 200 mg twice daily in one 
patient. Hair depigmentation occurred in all patients, and one patient developed reversible hepatotoxicity requiring 
temporary interruption and dose reduction. At a median follow-up of 47 months (range, 18–53 months), five patients 
remained in complete remission. One patient with disseminated disease at diagnosis developed intracranial relapse 
18 months post-transplant while still receiving pazopanib.

Conclusions  In this retrospective cohort, pazopanib was generally well tolerated and may have a potential role as 
maintenance therapy in selected high-risk pediatric ES patients. However, efficacy cannot be determined from this 
limited series, and prospective studies are needed to better define its clinical utility in ES.
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Introduction
Ewing sarcoma (ES) and primitive neuroectodermal 
tumors (PNET) are rare malignancies characterized by 
small round cells, typically arising in bone or soft tissue, 
and predominantly affecting children and young adults 
[1].

Patients with ES are currently treated with multimodal 
therapy consisting of induction chemotherapy, local con-
trol, and risk-adapted consolidation, most commonly 
based on VDC/IE (vincristine, doxorubicin, ifosfamide, 
etoposide) or VIDE (vincristine, ifosfamide, doxorubicin, 
etoposide) protocols [2, 3]. Risk stratification integrates 
disease extent, tumor burden, and histological response. 
At diagnosis, patients are categorized as having localized 
disease, lung-only metastases, or disseminated disease 
(including extrapulmonary metastases or bone marrow 
involvement). Among patients with localized disease, 
those with a favorable histological response and smaller 
tumor volume are considered standard-risk, whereas 
those with adverse features—including poor response 
(>10% viable tumor) or large tumor volume (>200 mL)—
are classified as high-risk [4].

Five-year event-free survival (EFS) is approximately 
60–70% in patients with localized disease but declines 
to 23–26% in those with lung-only metastases [2, 5–7]. 
Prognosis is particularly poor in very high-risk cases, 
including disseminated disease, where long-term survival 
may be as low as ~ 20% despite intensive multimodal 
therapy. These outcomes underscore the need for novel 
strategies to improve survival in high-risk ES [7].

First-line treatment typically consists of multi-agent 
chemotherapy, most commonly the VDC/IE or VIDE 
regimen, as established in the EURO-E.W.I.N.G. 99 [8, 9] 
and COG AEWS0031 trials [10]. In the relapsed setting, 
although multiple salvage regimens have been explored, 
no universally accepted standard treatment exists [3, 5, 
6].

Maintenance therapy has emerged as a strategy to sup-
press minimal residual disease (MRD) following intensive 
treatment, with promising evidence in other pediatric 
sarcomas such as rhabdomyosarcoma. By targeting resid-
ual tumor cells not detectable on conventional imaging, 
maintenance approaches aim to prolong remission and 
delay relapse [11].

Pazopanib, an oral multi-targeted tyrosine kinase 
inhibitor, has demonstrated efficacy in prolonging pro-
gression-free survival in patients with advanced soft tis-
sue sarcomas [12]. However, its role in ES, particularly 
in pediatric patients, remains unclear, and evidence sup-
porting its use as maintenance therapy is limited to iso-
lated reports [13, 14].

Herein, we describe six pediatric ES cases in which 
pazopanib was incorporated as maintenance therapy 

following consolidation or salvage treatment in carefully 
selected high-risk patients.

Patients and treatment
This retrospective analysis included patients diagnosed 
with Ewing sarcoma and treated at Istanbul Medipol Uni-
versity Pediatric Oncology Department between 2020 
and 2023. Maintenance therapy with pazopanib was 
considered for patients classified as high-risk, includ-
ing those with axial tumor location, incomplete surgical 
resection, relapse or other adverse prognostic features. 
Informed consent was obtained from all patients, and the 
study was approved by the institutional ethics committee.

Since there is no nationally established Ewing sarcoma 
protocol in Turkey, our induction chemotherapy for 
newly diagnosed patients was adapted from the Euro-
Ewing protocols: while the Euro-Ewing 2012 protocol 
recommends six cycles of VIDE (vincristine 1.5 mg/m2 
day1, ifosfamide 3  g/m2/d day 1–3, doxorubicin 20mg/
m2/d day 1–3, etoposide 150mg/m2/d d1-3) as induc-
tion, we administered four cycles of VIDE followed by 
two cycles of IE (ifosfamide 3  g/m2/d d 1–3, etoposide 
150mg/m2/d d 1–3) concurrently with radiotherapy. This 
approach minimized interruptions in systemic therapy 
while remaining aligned with Euro-Ewing treatment 
principles.

After the concurrent IE cycles administered with radio-
therapy, patients underwent surgical resection, and sub-
sequently, consolidation chemotherapy was administered 
according to their risk group, following the principles of 
the Euro-Ewing protocols. Patients with localized disease 
who remained classified as poor-risk following induction 
therapy and local control received high-dose chemother-
apy with busulfan and melphalan, followed by autologous 
stem cell transplantation as consolidation therapy. Busul-
fan was initiated at 0.8–1.2 mg/kg with pharmacokinetic-
guided adjustments over 16 doses, and melphalan was 
administered at 140 mg/m² on day − 2. In Case 1, how-
ever, a treosulfan–melphalan regimen (TreoMel) was 
used instead of BuMel because the patient relapsed with 
two pulmonary nodules and was scheduled to receive 
pulmonary radiotherapy. To minimize busulfan-associ-
ated pulmonary toxicity in the context of planned tho-
racic irradiation, treosulfan was administered at 14 g/m²/
day on days − 6 to − 4, followed by melphalan 140 mg/m².

Remission status was assessed using MRI and CT, 
with PET-CT performed when clinically indicated. For 
patients treated with curative intent, pazopanib main-
tenance was initiated only in the absence of radiologic 
evidence of active disease. In contrast, pazopanib was 
introduced in the setting of radiologically stable residual 
disease for the patient with disseminated disease at diag-
nosis, who also underwent incomplete surgical resection.
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Patient monitoring during pazopanib therapy was 
conducted at structured intervals: laboratory evalua-
tions were performed twice weekly during the initial 
two weeks, weekly for the subsequent eight weeks, and 
monthly thereafter, while blood pressure was monitored 
daily by the patient at home and recorded for review dur-
ing scheduled visits.

Pazopanib was initiated at 50% of the target dose and 
increased after two weeks, with maintenance dosing 
adjusted according to body weight (400–800  mg/day). 
Dose modifications were applied based on toxicity, and 
recurrence of symptoms or laboratory abnormalities was 
recorded after drug discontinuation.

Relapsed and refractory patients were treated with 
individualized salvage regimens. Pazopanib was initiated 
either after achieving complete remission following sal-
vage therapy or, in the setting of stable residual disease.

Case report 1
A 15-year-old girl presented with a swelling on her back 
and was diagnosed with ES localized to the scapula. 
Staging workup revealed no evidence of metastatic dis-
ease. She received four cycles of VIDE (vincristine, ifos-
famide, doxorubicin, etoposide), followed by two cycles 
of IE (ifosfamide, etoposide) administered concurrently 
with radiotherapy, after which she underwent surgical 
resection and was classified as having localized, good-
risk disease. Subsequently, she received eight cycles of 
consolidation chemotherapy alternating between VAI 
(vincristine 1.5mg/m2 day 1, actinomycin D 0.75mg/m2 
day 1–2, ifosfamide 3  g/m2/d d 1–2) and VAC (vincris-
tine 1.5mg/m2 day 1, actinomycin D 0.75mg/m2/d d 1–2, 
cyclophosphamide 1500mg/m2 day 1) regimens.

Ten months after the completion of frontline therapy, 
she experienced a local recurrence accompanied by two 
pulmonary nodules. The lung lesions were surgically 
resected, and histopathological examination confirmed 
metastatic ES. Salvage therapy was initiated with six 
cycles of VIT (vincristine 1.5mg/m2 day 1, irinotecan 
50mg/m2 day 1–5, temozolomide 150mg/m2 day 1–5), 
followed by high-dose chemotherapy with treosulfan 
and melphalan, and autologous stem cell transplanta-
tion. Post-transplantation, she received pulmonary radio-
therapy and subsequently maintenance therapy with 
pazopanib at a dose of 400  mg twice daily for one year. 
She remains in complete remission 18 months following 
transplantation.

Case report 2
A 9-year-old girl presented with urinary and fecal incon-
tinence and was diagnosed with ES involving the sacrum. 
Staging workup revealed no evidence of metastatic dis-
ease. She received four cycles of VIDE, followed by two 
cycles of IE administered concurrently with radiotherapy, 

after which she underwent surgical resection. Surgical 
resection was incomplete due to the high risk of wors-
ening incontinence, and she was therefore classified as 
having localized, poor-risk disease. Subsequently, she 
received one cycle of VAI chemotherapy, followed by 
high-dose chemotherapy with busulfan and melphalan, 
and autologous stem cell transplantation.

Post-transplantation, she received maintenance ther-
apy with pazopanib (200  mg twice daily) for one year. 
She remains in complete remission 45 months after 
transplantation.

Case report 3
A 10-year-old girl presented with urinary retention and 
a palpable abdominal mass. She was diagnosed with pel-
vic ES originating from the ileum, and staging imaging 
revealed pulmonary metastases. She received four cycles 
of VIDE, followed by two cycles of IE administered con-
currently with radiotherapy, after which she underwent 
surgical resection. Subsequently, she received one cycle 
of VAI chemotherapy, followed by high-dose chemother-
apy with busulfan and melphalan, and autologous stem 
cell transplantation.

Post-transplantation, she received maintenance therapy 
with pazopanib (600 mg daily) for one year. She remains 
in complete remission 53 months after transplantation.

Case report 4
A 15-year-old girl presented with a very large mass (380 
mL, exceeding the > 200 mL high-risk threshold) in the 
right leg and was diagnosed with ES. Staging workup 
revealed no evidence of metastatic disease. She received 
four cycles of VIDE, followed by two cycles of IE admin-
istered concurrently with radiotherapy, after which she 
underwent surgical resection. She subsequently received 
eight cycles of consolidation chemotherapy alternating 
between VAI and IE regimens.

Following chemotherapy, maintenance treatment with 
pazopanib was initiated at a dose of 400 mg twice daily. 
During the third month of therapy, she developed hepa-
totoxicity, characterized by an elevation of liver trans-
aminases up to five times the upper limit of normal, 
prompting temporary discontinuation of the drug for 
three weeks. Once liver function normalized, treatment 
was resumed at a reduced dose of 200  mg twice daily, 
with no further toxicity observed thereafter. Maintenance 
therapy was completed over a total duration of one year. 
She remains in complete remission 52 months after com-
pletion of therapy.

Case report 5
A 13-year-old girl presented with a palpable very large 
abdominal mass (290 mL, exceeding the > 200 mL 
high-risk threshold) and was diagnosed with pelvic ES 
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originating from the ileum. Staging work-up revealed no 
evidence of metastatic disease. She received four cycles 
of VIDE, followed by two cycles of IE administered con-
currently with radiotherapy, after which she underwent 
surgery. She subsequently received eight cycles of con-
solidation chemotherapy alternating between VAI and IE 
regimens.

Following the completion of chemotherapy, mainte-
nance treatment with pazopanib was initiated at a dose 
of 400 mg twice daily and continued for one year. She has 
remained in complete remission for 43 months following 
the end of therapy.

Case report 6
An 8-year-old boy presented with a palpable abdominal 
mass and was diagnosed with pelvic Ewing sarcoma orig-
inating from the ileum. At the time of diagnosis, imag-
ing and bone marrow evaluation revealed pulmonary 
metastases and bone marrow involvement. He received 
six cycles of VIDE. After the fourth cycle, surgical resect-
ability was evaluated; however, after the sixth cycle, sur-
gical intervention was considered not feasible due to the 
extensive tumor involvement and the high risk of mor-
bidity associated with resection, resulting in the decision 
to proceed without surgical resection, leading to incom-
plete local control.

Subsequently, he received two cycles of IE administered 
concurrently with definitive radiotherapy to the primary 
site. He then received one cycle of VAI chemotherapy, 
followed by high-dose chemotherapy with busulfan and 
melphalan, and autologous stem cell transplantation.

Given the presence of residual but radiologically stable 
disease following transplant, maintenance therapy with 
pazopanib (200  mg twice daily) was initiated on day 30 
post-transplant.

Eighteen months after transplantation, while still 
receiving pazopanib, the patient experienced disease 
relapse with an intracranial mass.

Results
Six pediatric patients with ES who received pazopanib as 
maintenance were included in this case series. At diag-
nosis, four patients had localized disease, while one had 
pulmonary-only metastases and one had disseminated 

disease. All patients received multi-agent chemotherapy 
and local treatment consisting of surgery and/or radio-
therapy. Following induction and local therapy, four 
patients with localized poor-risk disease underwent high-
dose chemotherapy followed by autologous stem cell 
transplantation (HDCT + ASCT), whereas two patients 
with standard-risk localized disease completed treatment 
without transplantation.

Pazopanib was initiated as maintenance with the ratio-
nale of targeting minimal residual disease (MRD) and 
preventing relapse. Four patients received pazopanib as 
maintenance therapy during first remission, one patient 
received it following relapse, and one patient with dis-
seminated disease at diagnosis received pazopanib after 
completion of frontline therapy while maintaining stable 
disease.

Pazopanib was administered at doses ranging from 
400 to 800 mg per day, determined according to patient 
weight and age, following previously reported pediatric 
dosing strategies [10]. Notably, all patients developed 
hair depigmentation (white or gray hair), a previously 
reported but benign side effect of pazopanib. One patient 
required temporary treatment interruption for three 
weeks due to hepatotoxicity, after which liver function 
normalized and therapy was resumed at a reduced dose 
of 200 mg twice daily without further toxicity. We did not 
observe hypertension, another potential adverse effect of 
pazopanib, in any of the six patients.

Pazopanib was administered for one year in five 
patients, and for 18 months in one patient who was 
unable to undergo surgical resection. Five patients 
remain in complete remission at a median follow-up of 
47 months (range: 18–53 months). One patient relapsed 
with an intracranial mass while still receiving pazopanib.

A summary of clinical characteristics and outcomes is 
provided in Table 1.

Discussion
Ewing sarcoma (ES) is an aggressive pediatric bone 
and soft tissue malignancy [1], and despite substantial 
therapeutic advances, outcomes remain suboptimal for 
patients with high-risk features. Prognosis is particularly 
poor in those with large tumor volume, poor histologic 
response, disseminated disease, or relapse [1, 2, 5, 7]. 

Table 1  Clinical characteristics, treatment details, and outcomes of pediatric ewing sarcoma patients receiving pazopanib
Patient Age (y) Sex Stage at diagnosis Rationale for Maintenance Dose (mg/day) Duration (months) Follow-up, months
1 15 F Localized Relapse 800 12 CR, 18
2 9 F Localized Incomplete surgery 400 12 CR, 45
3 10 F Pulmonary-only metastasis Metastatic disease 600 12 CR, 53
4 15 F Localized >200 ml Tumor volume 800 400 12 CR, 52
5 13 F Localized > 200 ml Tumor volume 800 12 CR, 43
6 8 M Disseminated Dısseminated disease 400 18 Relapse (IC mass), 18
Abbreviations: IC Intracranial
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These unfavorable outcomes have prompted increasing 
interest in strategies aimed at reducing the risk of recur-
rence following intensive multimodal therapy, including 
high-dose chemotherapy and autologous stem cell trans-
plantation (ASCT) [7].

Pazopanib is a multi-targeted tyrosine kinase inhibi-
tor with anti-angiogenic properties that has been shown 
to improve progression-free survival in adults with 
advanced soft tissue sarcomas [12, 15]. Although it has 
not received regulatory approval for pediatric bone sar-
comas, its potential activity in osteosarcoma (OS) and ES 
has been suggested mainly through retrospective series 
and case reports [13, 16–21]. However, robust prospec-
tive data remain limited [13, 22].

A recent retrospective study included 19 patients with 
bone sarcomas (8 with OS, 3 with ES). The clinical ben-
efit rate was 68%, with a median progression-free survival 
of 5.45 months (95% CI: 2.7–7.7)16. Notable responses 
were observed in individual patients, including a 24-year-
old with metastatic, chemotherapy-refractory ES who 
achieved a partial response lasting 12 weeks [17]. Clini-
cal activity has also been reported in extra-osseous ES, 
with one patient showing temporary tumor shrinkage 
and another demonstrating a 70% reduction in a local 
lesion along with stabilization of liver metastases for two 
months [18, 19].

In pediatric populations, phase I and II trials have pri-
marily evaluated tolerability and pharmacokinetics, with 
limited efficacy data. Dose-limiting toxicities included 
elevated lipase, amylase, ALT, proteinuria, and hyperten-
sion, and the maximum tolerated dose was 450 mg/m² 
for the tablet formulation. Although objective responses 
were infrequent, several patients achieved prolonged 
stable disease, suggesting a potential clinical benefit in 
selected patients [13]. Furthermore, a recent multicenter, 
real-world retrospective study of 19 pediatric and young 
adult patients with solid tumors, including bone and soft 
tissue sarcomas, reported disease stabilization in 52.6% 
at 8 weeks, with a 6-month disease control rate of 26.3% 
20 Although earlier initiation of pazopanib appeared 
to correlate with improved short-term stabilization in 
that cohort, the small sample size limits the interpret-
ability of this observation. A remarkable case involved a 
17-year-old patient with metastatic ES who achieved sus-
tained disease control on pazopanib monotherapy for 26 
months [21].

Interest in maintenance therapy for sarcomas has 
increased following the positive results of the European 
rhabdomyosarcoma trial demonstrating the benefit of 
metronomic cyclophosphamide and vinorelbine [11]. In 
ES, the CWS-2002 protocol explored optional mainte-
nance therapy in extraskeletal disease, but interpretation 
is limited by small sample size and potential selection 
bias [23]. Other maintenance strategies, including 

trofosfamide and targeted agents such as ganitumab, 
have shown inconsistent benefit [24, 25]. Overall, main-
tenance therapy in ES remains investigational and is not 
considered standard of care.

Tamura et al. reported the first pediatric case using 
pazopanib as maintenance therapy following ASCT. A 
14-year-old boy with metastatic pelvic ES received tan-
dem high-dose chemotherapy and radiotherapy after 
poor responses to initial and salvage therapies. Pazopanib 
was initiated post-transplant, and radiological improve-
ment of residual disease was observed after one year [14].

Given the limitations of our small, retrospective, single-
center case series, our observations should be interpreted 
cautiously. Six pediatric patients with high-risk ES were 
treated with pazopanib; five achieved sustained complete 
remission, while one experienced relapse after prolonged 
stable disease. Detailed information regarding treatment 
initiation criteria, dose adjustments, laboratory moni-
toring, and adverse event management was limited and 
collected retrospectively. Although these findings may 
suggest a potential clinical benefit in selected patients, 
the small cohort size and lack of a comparative group 
limit generalizability.

Treatment was generally well tolerated: all patients 
experienced hair depigmentation, and only one devel-
oped reversible hepatotoxicity requiring dose adjust-
ment. These findings are consistent with previously 
reported pediatric safety data [11, 18].

To our knowledge, apart from the case reported by 
Tamura et al. 14, this is the first case series describing 
pazopanib as maintenance therapy in pediatric ES. While 
our results suggest a possible clinical benefit, larger pro-
spective and controlled studies are required to better 
define the efficacy, safety, and optimal clinical context for 
pazopanib use in ES.

Conclusions
In this retrospective case series, we describe our institu-
tional experience with pazopanib administered as main-
tenance therapy in high-risk pediatric patients with ES. 
Pazopanib was generally well tolerated in this cohort. 
Although several patients achieved prolonged remission, 
the small sample size and retrospective design limit the 
strength of any conclusions regarding efficacy.

These findings may support a potential role for pazo-
panib as a maintenance option in carefully selected 
patients; however, prospective studies are needed to 
more clearly define its efficacy, safety, and optimal clini-
cal context in ES.
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