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Abstract 

Background: The role of high-dose chemotherapy followed by autologous stem-cell transplantation 
(HDCT–ASCT) in advanced Ewing sarcoma remains uncertain, with mixed prospective data and 
heterogeneous retrospective findings. Materials and Methods: We performed a single-center, 
retrospective cohort study of consecutive patients with histologically confirmed ES who received 
HDCT–ASCT after ≥1 prior systemic therapy line (N=46). Conditioning was ICE. Prespecified 
endpoints were overall survival (OS; diagnosis→death), post-transplant overall survival OS-2 
(ASCT→death), and progression-free survival PFS (ASCT→progression/death). Survival was 
estimated by Kaplan–Meier and compared by log-rank. Prognostic factors (age at diagnosis, primary 
tumor site, metastatic organ involvement) were evaluated using Cox models. Results: Median age at 
diagnosis was 23.5 years (14–55); 69.6% were male and 21.7% had metastatic disease at presentation. 
Median OS was 42.0 months, median PFS and OS-2 after HDCT–ASCT were 5.0 months and 8.0 
months, respectively. Younger age (≤23 years) was associated with longer OS (50.0 vs 34.0 months; 
p=0.027). Primary tumor site was not independently associated with PFS, OS-2, or OS. Metastatic site 
showed endpoint-specific effects: liver metastasis independently predicted worse OS (HR 5.411; 
p=0.006), while lung metastasis was associated with shorter PFS (HR 6.037; p=0.016) and OS-2 (HR 
2.672; p=0.025). Post-transplant best responses were CR 8.7%, PR 17.4%, SD 15.2%, and PD 58.7%. 
Grade 3–4 hematologic toxicities were universal (febrile neutropenia, neutropenia, thrombocytopenia 
100%; anemia 86.9%); common non-hematologic events included nausea/vomiting (82.6%), diarrhea 
(78.2%), and mucositis/stomatitis (65.2%). Treatment-related mortality was 2.1% (1/46). Conclusions: 
In this young-adult–predominant cohort, HDCT–ASCT achieved limited disease control with 
substantial but manageable toxicity. Prognosis was driven more by age and metastatic organ 
involvement than by primary site, with liver metastasis portending inferior OS and lung metastasis 
adversely affecting PFS/OS-2. These data support risk-adapted patient selection and exploration of 
post-transplant maintenance strategies in future prospective studies. 

Keywords: Ewing Sarcoma; high-dose chemotherapy; autologous stem cell transplantation; 
prognostic factors 
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Introduction 

Ewing sarcoma (ES) is the second most common primary bone malignancy in children and 
adolescents after osteosarcoma [1,2]. Approximately 25% of patients present with metastatic disease 
at diagnosis, and despite advances in multimodality therapy, outcomes remain suboptimal: disease-
related mortality occurs in 30–40% of patients with localized disease and up to 80% in those with 
metastatic disease [3]. Interval-compressed VDC/IE administered every 14 days has improved 
frontline management of metastatic ES [4,5]; however, relapse remains common within the first two 
years, and late recurrences are also observed [6–8]. These challenges underscore the need for more 
effective consolidation strategies to improve long-term outcomes. 

High-dose chemotherapy followed by autologous stem-cell transplantation (HDCT–ASCT) has 
been explored as a potential approach for high-risk and relapsed/refractory ES. While prospective 
trials, such as EWING 99 and EWING 2008, have reported mixed results with limited evidence for 
improved overall survival (OS) or event-free survival (EFS) and substantial treatment-related toxicity 
[9–11], retrospective series have suggested that some patients may derive benefit from HDCT–ASCT, 
though findings are heterogeneous [12–15]. As a result, there remains uncertainty regarding which 
patients may truly benefit from this intensive but infrequently employed modality. 

To address this knowledge gap, we conducted a single-center, retrospective study of patients 
with advanced ES who received HDCT–ASCT following at least one prior line of therapy. Our 
objectives were to characterize survival outcomes—including progression-free survival (PFS), post-
transplant overall survival (OS-2), and OS—and to identify pragmatic prognostic factors such as age 
at diagnosis, primary tumor site, and metastatic organ involvement. By clarifying the impact of these 
clinical factors, our study aims to inform patient selection and optimize the use of HDCT–ASCT 
within current ES treatment paradigms. 

Materials and Methods 

Study Design and Setting 

We conducted a single-center, retrospective cohort study of patients with Ewing sarcoma who 
underwent high-dose chemotherapy followed by HDCT–ASCT. The analysis included all 
consecutive eligible patients with complete baseline and outcome data (N = 46). Eligibility criteria 
Inclusion criteria were: (i) histologically confirmed disease; (ii) receipt of HDCT–ASCT per 
institutional protocol; and (iii) available demographics, disease characteristics, and follow-up 
sufficient to evaluate survival endpoints. Patients with missing key covariates or inadequate follow-
up were excluded. 

Data Collection and Covariates 

From electronic records we abstracted age at diagnosis, sex, stage at presentation (locally 
advanced vs metastatic), primary tumor site (upper extremity, lower extremity, vertebra, pelvis, soft 
tissue), baseline metastatic involvement (lung, liver, bone, brain; coded as binary variables), and 
number of prior systemic therapy lines before HDCT–ASCT (≤2 vs >2). Transplant-related parameters 
included collected stem-cell count and engraftment/recovery metrics. 

Transplant Procedures and Definitions 

All patients received high-dose ICE (ifosfamide, carboplatin, etoposide) as the conditioning 
regimen prior to ASCT, per institutional practice. Supportive care was delivered according to 
institutional standards; regimens were not uniform across ancillary measures and were not 
compared. Engraftment was defined as the first of three consecutive days on which either the absolute 
neutrophil count (ANC) exceeded 2,000/µL or the platelet count exceeded 20,000/µL, in the absence 
of exogenous support (i.e., without G-CSF administration or platelet transfusion). Engraftment 
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duration was calculated as the number of days from ASCT to that first qualifying day. The collected 
stem-cell dose was recorded as the total product collected prior to ASCT. 

Endpoints 

Three time-to-event outcomes were prespecified: Overall survival (OS): time from diagnosis to 
death from any cause; survivors were censored at last follow-up. Post-transplant overall survival 
(OS-2): time from ASCT to death. Progression-free survival (PFS): time from ASCT to first objective 
progression/relapse or death, whichever occurred first. 

Statistical Analysis 

Baseline characteristics are summarized as counts/percentages or medians with ranges. Survival 
curves were estimated using the Kaplan–Meier method and compared by log-rank tests. To evaluate 
prognostic factors, we fitted Cox proportional hazards models for each endpoint. For models 
assessing primary tumor site, upper extremity served as the reference category; for models assessing 
metastatic site, each organ site (lung, liver, bone, brain) was entered as a binary covariate. 
Proportional-hazards assumptions were checked by visual inspection of log–log plots and 
Schoenfeld-type diagnostics. Correlations among age at diagnosis, collected stem-cell count, and 
recovery time were examined using Spearman’s rank correlation (one-tailed p-values reflecting 
directional hypotheses). All other tests were two-sided with α = 0.05. Analyses were performed with 
IBM SPSS Statistics v27. 

Results 

Among 46 patients, the median age at diagnosis was 23.5 years (range 14–55); 32 (69.6%) were 
male. At presentation, 36 (78.3%) had locally advanced and 10 (21.7%) had metastatic disease. 
Primary sites were soft tissue in 16 (34.8%), lower extremity in 13 (28.3%), vertebra in 7 (15.2%), and 
pelvis or upper extremity in 5 (10.9%) each. Baseline metastases most frequently involved the lung 
(35; 76.1%) and bone (30; 65.2%), with less frequent liver (5; 10.9%) and brain (3; 6.5%) involvement. 
Before HDCT–ASCT, 37 (80.4%) had received ≤2 prior therapy lines (Table 1). 

Table 1. Patient demographics and clinical characteristics. 

Variable n % 

Sex   

Male 32 69.6 

Female 14 30.4 

Stage at Diagnosis   

Locally advanced 36 78.3 

Metastatic  10 21.7 

Tumor Localization   

Upper Extremity 5 10.9 

Lower Extremity 13 28.3 

Vertebra 7 15.2 

Pelvis 5 10.9 

Soft Tissue 16 34.8 

Metastas status   

Lung 35 76.1 

Liver 5 10.9 
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Bone 30 65.2 

Brain 3 6.5 

Number of Therapy Lines Before 

HDC-ASCT 

  

≤ 2 37 80.4 

> 2 9 19.6 

Median OS from diagnosis was 42.0 months (95% CI, 28.89–55.10), median progressioPFS after 
HDCT–ASCT was 5.0 months (95% CI, 2.89–7.11), and post-transplant OS-2 was 8.0 months (Figure 
1). 

Age at diagnosis showed endpoint-specific differences: patients ≤23 years had longer PFS (14.0 
vs 4.0 months; p=0.144) and OS-2 (10.0 vs 5.0 months; p=0.145) without statistical significance, but 
significantly longer OS (50.0 vs 34.0 months; 95% CI: 43.11–56.89 vs 16.70–51.30; p=0.027) (Figure 2). 

Primary tumor site was not associated with survival in multivariable Cox models using the 
upper extremity as reference: all hazard ratios for lower extremity, vertebra, pelvis, and soft tissue 
were near unity with non-significant p-values across PFS (HRs 0.316–1.137; p=0.213–0.981), OS (HRs 
0.710–1.602; p=0.477–0.985), and OS-2 (HRs 0.818–1.799; p=0.313–0.884) (Figure 3). 

By contrast, metastatic site showed endpoint-specific effects. For OS, the model was significant 
overall (score χ²=12.182, df=4, p=0.016) and liver metastasis independently predicted worse survival 
(HR=5.411, 95% CI: 1.610–18.182; p=0.006), whereas lung, bone, and brain metastases were not 
significant. For OS-2, the overall model was not significant (χ²=6.779, p=0.148), but lung metastasis 
was associated with increased risk (HR=2.672, 95% CI: 1.131–6.311; p=0.025). For PFS, the score test 
approached significance (χ²=9.409, p=0.052) and the change-from-block test was significant 
(χ²=11.078, p=0.026); lung metastasis was the only significant covariate (HR=6.037, 95% CI: 1.390–
26.230; p=0.016), while other sites were non-significant (Table 2). 

Spearman correlations showed no significant relationships among age at diagnosis, collected 
stem cell count, and recovery time: age vs stem cells (ρ=−0.056, p=0.355), age vs recovery (ρ=0.137, 
p=0.182), and stem cells vs recovery (ρ=−0.214, p=0.077) (Figure 4). 

Table 2. Hazard ratios and p-values by metastatic site for OS, OS-2, and PFS. 

Metastasis site OS HR OS p OS-2 HR OS-2 p PFS HR PFS p 

Lung 1,175 0,71 2,672 0,025 6,037 0,016 

Liver 5,411 0,006 1,683 0,351 1,896 0,261 

Bone 1,226 0,587 0,861 0,688 0,705 0,413 

Brain 2,602 0,142 1,353 0,628 0,717 0,665 
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Figure 1. Kaplan–Meier Survival Curves (A) Progression free survival, (B) Post-transplant overall survival (OS-
2), and (C) Overall survival from diagnosis. 

 

Figure 2. Age-stratified Kaplan–Meier survival curves: (A) Progression-free survival, (B) Overall survival-2 (OS-
2), and (C) Overall survival. 
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Figure 3. Kaplan–Meier survival curves stratified by primary tumor site. (A) Overall survival-2, (B) progression-
free survival, and (C) overall survival. 

 

Figure 4. Engraftment duration versus (A) age, (B) collected stem cell count with linear trend lines, (C) presents 
the summary of Spearman correlations and one-tailed significance. 

Safety 

The median recovery time after HDCT–ASCT was 11.5 months. Hematologic toxicities were 
universal, with febrile neutropenia, neutropenia, and thrombocytopenia occurring in 100% of 
patients, and anemia observed in 86.9%. Non-hematologic toxicities were also common, including 
mucositis/stomatitis in 65.2%, nausea/vomiting in 82.6%, and diarrhea in 78.2% of patients. Liver and 
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renal toxicities were less frequent, affecting 21.7% and 17.3% of patients, respectively. Despite the 
high rate of treatment-related adverse events, the mortality rate was low, with only one patient (2.1%) 
succumbing to treatment-related complications (Table 2) 

Toxicity n % 

Febrile neutropenia 46 %100 

Neutropenia 46 %100 

Anemia 40 %86.9 

Thrombocytopenia 46 %100 

Mucositis/stomatitis 30 %65.2 

Nausea/vomiting 38 %82.6 

Diarrhea 36 %78.2 

Liver toxicity 10 %21.7 

Renal toxicity 8 %17.3 

Death 1 %2.1 

Discussion 

ES is a rare, biologically aggressive tumor that predominantly affects children and adolescents. 
In our cohort, the median age was 23 years, reflecting a young-adult population. Despite therapeutic 
advances, outcomes—particularly for patients with metastatic disease—remain suboptimal. We 
conducted a single-center, retrospective analysis of 46 patients with locally advanced or metastatic 
ES treated with high-dose chemotherapy followed by HDCT–ASCT, evaluating survival endpoints 
and examining clinicopathologic factors associated with OS and PFS. 

Based on the Euro-EWING 99 and EWING 2008 results (≈287 patients across relevant cohorts), 
HDCT/ASCT did not improve survival in patients with isolated pulmonary metastases and was 
associated with greater acute toxicity; accordingly, this strategy has not been adopted as routine in 
that subgroup. By contrast, in localized high-risk ES, busulfan–melphalan (BuMel)–based 
HDCT/ASCT demonstrated clinically meaningful benefit in EFS/OS over standard consolidation, 
albeit with increased toxicity, and is therefore considered for carefully selected, fit patients in 
experienced centers rather than as universal standard therapy [9]. In the EWING 2008 R3 trial (n=109), 
high-dose treosulfan–melphalan followed by HDCT/ASCT did not confer a significant improvement 
in EFS or OS and was associated with greater acute toxicity, although a prespecified subgroup signal 
suggested a 3-year EFS advantage in patients <14 years of age [10]. 

For relapsed or refractory ES, several retrospective trials reported improved outcomes with 
HDCT-ASCT compared to conventional chemotherapy [12–15]. In a multicenter cohort by Rasper et 
al. (n = 239), HDCT/ASCT as consolidation was associated with higher 2-year EFS among 
chemosensitive patients; however, early relapse remained a strong adverse prognostic factor [12]. In 
a cohort of 196 patients with refractory or recurrent Ewing sarcoma, Windsor et al. showed that 
HDCT–ASCT conferred a significantly longer median post-relapse survival than non–high-dose 
salvage therapy (standard-dose, transplant-free regimens): 76.0 vs 10.5 months. [13]. Ferrari et al. 
demonstrated that achieving a second complete remission (CR2) was strongly prognostic for post-
relapse survival [14]. Shankar et al. found that disease-free interval (DFI) >2 years was the only 
independent predictor of improved survival [15]. These studies collectively highlight that 
HDCT/ASCT may benefit carefully selected, chemosensitive patients, although heterogeneity in 
regimens and potential selection bias limit definitive conclusions. 

In our cohort, median OS after diagnosis was 42 months, and post-transplant OS and PFS were 
8 and 5 months, respectively, underscoring the aggressive nature of ES and the limited impact of 
HDCT–ASCT in altering disease trajectory. Younger age at diagnosis (≤23 years) was associated with 
significantly longer OS (50 months), suggesting better outcomes in younger patients, potentially due 
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to comorbidities and treatment tolerance (9,10,16). Liver metastasis emerged as a critical prognostic 
factor for OS, whereas lung metastasis significantly affected PFS. Post-transplant radiologic 
evaluations showed complete response in 8.7%, partial response in 17.4%, stable disease in 15.2%, 
and progressive disease in 58.7%, indicating that HDCT–ASCT alone may be insufficient to control 
advanced ES (12–15,17). 

Compared to other studies, our cohort exhibited a higher rate of disease progression, likely due 
to high tumor burden and multiple prior treatment lines. Literature reviews show that patients with 
high tumor burden and age >15 years have generally poorer outcomes, regardless of treatment 
approach (3,18–23). These findings emphasize the need for innovative strategies to improve post-
transplant disease control, such as novel agents, immunotherapies, or maintenance therapies. 

Highligts 

Median OS after diagnosis: 42 months; post-transplant OS and PFS: 8 and 5 months, respectively. 
Younger age (≤23 years) associated with longer survival. Liver metastasis negatively affected OS; 
lung metastasis significantly affected PFS. Post-transplant radiologic response rates were low, with 
progressive disease observed in the majority of patients. Results emphasize the aggressive nature of 
ES and the limited impact of HDCT–ASCT in heavily pretreated or high tumor burden patients. 

 

Limitations 

Retrospective, single-center design limits generalizability and introduces potential selection 
bias. Small, heterogeneous patient population may affect the robustness of survival outcomes. 
Treatment regimens and prior therapies were not standardized, potentially influencing post-
transplant outcomes. Lack of a control group limits causal inference regarding HDCT–ASCT efficacy. 
Long-term follow-up on late toxicities and quality of life was not systematically collected. 
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Future Perspectives 

Future studies should clarify when HDCT–ASCT offers meaningful benefit in advanced ES 
through pragmatic, multicenter, risk-adapted designs that stratify by age (≤23 vs >23 years), 
metastatic pattern (especially liver vs lung), and chemosensitivity. Standardized conditioning and 
supportive care should be used across arms, with randomized or response-adapted comparisons of 
transplant versus non-transplant consolidation and evaluation of simple post-transplant 
maintenance approaches to prolong PFS/OS-2. Development and external validation of a 
parsimonious clinical risk score (age + organ involvement ± treatment response) and uniform 
reporting of toxicity and quality of life will be essential to guide patient selection and shared decision-
making. 
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