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Background

Ewing sarcoma (ES) is the second most frequent bone sarco-
mas and usually occurs in children and adolescents [1,2]. The 
demographic, prognostic, and outcome data of ES in children 
and young adults, or patients of all ages, are well documented. 
Current treatment strategies of ES include systemic chemo-
therapy, and local control such as surgical resection and radi-
ation treatment [3]. The 10-year cancer-specific survival rate 
for patients with non-metastatic ES is about 70%, while it is 
less than 30% for patients with metastasis [4]. Age, tumor 
size, tumor site, metastasis at presentation, surgery, and sys-
temic chemotherapy are all associated with the prognosis of 
ES [4–7]. ES is radiosensitive, and radiotherapy is an effect 
adjuvant treatment for local control. However, Wan et al. [5] 
recently reported that patients with ES showed poor survival 
when receiving radiotherapy alone. Thus, the prognostic role 
of radiotherapy in elderly EW patients should be assessed.

Unlike osteosarcoma, ES does not have the second incidence 
peak in the elderly; therefore, ES patients aged over 40 years 
are extremely rare. Elderly ES patients often have a poorer 
prognosis than younger patients. Recently, Cesari et al. [8] re-
ported poor outcomes in 31 elderly ES patients, with a 5-year 
overall survival rate of 54%, but they did not explore the risk 
factors for survival of elderly ES patients. To obtain deeper in-
sight into elderly ES patients, we analyzed ES patients aged 
over 40 years from 1973 to 2015 based on the National Cancer 
Institute’s Surveillance, Epidemiology, and End Results (SEER) 

database. This is the largest investigation of elderly ES patients 
that aimed to confirm the predictors of survival.

Material and Methods

Patient population

From 1973 to 2015, a total of 2436 patients diagnosed with 
ES of bone were identified from the SEER database. The da-
tabase is publicly available and does not include unique pa-
tient identifiers. This study was carried out in accordance 
with standard guidelines and was approved by the local 
Ethics Committee.

First, data on ES of bone was retrieved based on the 
International Classification of Diseases for Oncology, third edi-
tion (ICD-O-3; histologic type: 9260 and site code: C40.0-40.3, 
C40.8-41.4, C41.8-41.9), using the case-listing procedure. Only 
patients aged over 40 years were enrolled, by reference to the 
age at diagnosis. All patient diagnoses were confirmed histolog-
ically, based either on biopsy results or the surgical specimen. 
Twenty-three patients diagnosed only on the basis of the clini-
cal presentation, or according to the radiography, or unknown, 
were excluded. Seven patients with unknown therapy were 
excluded. Fourteen patients with unknown stage were also 
excluded. The inclusion criteria are shown in Figure 1. Data 
extracted from the SEER database included age, sex, location, 
tumor stage, tumor type, tumor size, surgical treatment, radia-
tion treatment, chemotherapy, cause of death, and survival time. 

Excluded
Patients aged <40

N=2230

Patients diagnosed not from histopatology
or unknow

N=23

Therapy unknown (N=7)
Stage unknown (N=14)

Patients diagnosed from histopatology
N=183

Patients aged ≥40
N=206

SEER program database (1973–2015)
Ewing sarcoma of bone (ICD-O-3 histologic type: 9260; ICD-O-3

site code: C40.0–40.3, C40.8–41.4, C41.8–41.9)
N=2436

Excluded

Excluded

Patients included in this study
N=162

Figure 1. �Flow chart for selection of the study 
population. SEER – surveillance, 
epidemiology, and end results; 
ICD-O-3 – international classification 
of diseases for oncology, 3rd edition; 
ES – Ewing sarcoma.
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Surgery or radiation treatment for tumors in our study refers 
to treatment for local primary tumors. We divided the location 
into 3 categories: (1) appendicular (long and short bones of 
the upper and lower extremities), (2) axial (pelvis and spine), 
and (3) other locations (mandible, skull, rib, sternum, clavicle, 
and other atypical locations).

Statistical methods

The Microsoft Excel 2016 (Microsoft Corp., Redmond, WA, USA) 
and SPSS software (ver. 22.0; SPSS Inc., Chicago, IL, USA) were 
used for statistical analyses. Overall survival (OS) was de-
fined as the time from diagnosis to death from any cause, and 
cancer-specific survival (CSS) was regarded as the time from 
diagnosis to death due specifically to cancer. Univariate anal-
ysis was performed to select possible risk factors associated 
with survival using the Kaplan-Meier method. The indepen-
dent predictors of OS and CSS were determined using mul-
tivariate analysis with a Cox proportional hazard regression. 
Statistical significance was set at P£0.05.

Results

Demographic and clinical characteristics of ES patients 
aged over 40 years

From 1973 to 2015, data for a total of 162 patients with ES 
who met the inclusion criteria were collected from the SEER 
database. Demographic and clinical characteristics of patients 
are listed in Table 1. The median patient age at diagnosis was 
51 years (ranging from 41 to 87 years). In terms of location, 
34.0% of tumors were located in the extremities, 38.3% in the 
axial skeleton, and 27.8% in other sites. Information on tumor 
size was available in 65.4% cases, and was categorized into 
3 groups. Half of the patients (50.6%) received local surgery, 
half of the patients (48.8%) received radiation treatment, and 
most of the patients (82.7%) had chemotherapy. Ultimately, 

Category Value

Median age (range) 	 51	 (41–87)

Sex

	 Female 	 71	 (43.8%)

	 Male 	 91	 (56.2%)

Location

	 Appendicular 	 55	 (34.0%)

	 Axial 	 62	 (38.3%)

	 Other locations 	 45	 (27.8%)

Tumor stage

	 Localized 	 37	 (22.8%)

	 Regional 	 58	 (35.8%)

	 Distant 	 67	 (41.4%)

Tumor size

	 Mean (cm) 	 8

		  <8 cm 	 67	 (41.4%)

		  ³8 cm 	 39	 (24.1%)

		  Unknown 	 56	 (34.6%)

Surgery

	 Yes 	 82	 (50.6%)

	 No 	 80	 (49.4%)

Radiation treatment

	 Yes 	 79	 (48.8%)

	 No 	 83	 (51.2%)

Chemotherapy

	 Yes 	 134	 (82.7%)

	 No 	 28	 (17.3%)

Dead

	 Yes 	 92	 (56.8%)

	 No 	 70	 (43.2%)

5-year OS rate 	 43.7%

5-year CSS rate 	 47.9%

10-year OS rate 	 31.8%

10-year CSS rate 	 39.9%

Table 1. �Demographic and clinical characteristics of 162 elderly 
patients with Ewing sarcoma identified in the SEER 
database from 1973 to 2015.

OS – overall survival; CSS – cancer-specific survival.

Category
OS (log-rank 

p value)
CSS (log-rank 

p value)

Sex 0.378 0.145

Location 0.428 0.977

Tumor stage 0.000 0.000

	 Distant vs. localized 0.000 0.000

	 Distant vs. regional 0.000 0.000

	 Regional vs. localized 0.985 0.960

Tumor size (<8 cm vs. ³8 cm) 0.098 0.071

Surgery 0.000 0.000

Radiation treatment 0.183 0.296

Chemotherapy 0.000 0.005

Table 2. �Univariate analysis of variables in elderly patients with 
Ewing sarcoma using Kaplan-Meier method.

OS – overall survival; CSS – cancer-specific survival.
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92 patients (56.8%) died, of whom 67 died of cancer. The 
5-year OS and CSS rates of the study population were 43.7% 
and 47.9%, respectively. The 10-year OS and CSS rates of the 
study population were 31.8% and 39.9%, respectively (Table 1).

Univariate analyses of variables associated with OS or CSS 
in ES patients aged over 40 years

Univariate analyses revealed that sex, tumor location, tumor 
size, and radiation treatment were not associated with OS 
or CSS (Table 2). Tumor stage was associated with signifi-
cant differences in OS and CSS (Table 2), with metastasis pre-
dicting a worse prognosis (Figures 2A, 3A). Both OS and CSS 
showed a significant difference based on surgery or chemo-
therapy (Table 2). Patients who underwent surgical treatment 
(Figures 2B, 3B) or received chemotherapy (Figures 2C, 3C) had 
better OS and CSS than those who did not.

Multivariate analysis of independent predictors of OS or 
CSS in ES patients aged over 40 years

On multivariate analysis of all patients, tumor stage, surgery 
for primary tumors, and chemotherapy were determined to be 
independent risk factors of OS and CSS (Table 3).

Discussion

Ewing sarcoma is a highly aggressive sarcoma of bone, and oc-
curs predominantly in children and young adults [9]. It is the 
second most frequent primary bone sarcoma, and accounts for 
about 34% of all primary bone tumors [10]. However, outcomes 
for ES patients aged over 40 remain poor. Because cases of 
ES patients aged over 40 are very rare, no previous study has 
determined the prognostic factors of this special cohort. Our 
study is the largest to describe the clinical features of such 
patients and to explore possible predictors of survival using 
the SEER program database.
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Figure 2. �Kaplan-Meier method estimated OS in elderly patients with Ewing sarcoma of bone stratified by: (A) tumor stage, (B) surgery, 
and (C) chemotherapy.
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Figure 3. �Kaplan-Meier method estimated CSS in elderly patients with Ewing sarcoma of bone stratified by: (A) tumor stage, 
(B) surgery, and (C) chemotherapy.
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Patients with ES over age 40 exhibit different clinical char-
acteristics compared with children and young adults. This 
study found that 41.4% of the patients in our study presented 
metastatic disease at diagnosis, which was more frequent 
than in younger patients (21.0%, 217/1031) [11]. However, 
Cesari et al. [8] reported that 15.8% (3/19) of skeletal ES pa-
tients aged over 40 years presented metastatic disease. The 
small sample size of their study may explain this difference. 
Previous studies reported that axial osteosarcoma occurred 
more frequently in the elder than younger patients [12–14], 
but our study revealed that the incidence of axial ES in elderly 
persons was similar to that of young persons [4,7,11,15]. 
Bivas et al. [6] reported that ES patients with metastasis pre-
sented a larger mean tumor size (11.6 cm versus 9.4 cm; 
p=0.02), but our study showed that the mean tumor size was 
8 cm. It is possible that one-third of patients in our study had 
unknown tumor size. Previous studies indicated that older ES 
patients experienced a survival disadvantage [5,11,16]. The 
5-year OS rate of elderly ES patients in this study was 43.7%, 
and was similar to those with metastasis [9,11], suggesting a 
very poor prognosis. Thus, it is necessary to explore prognostic 
factors to better guide the management of such patients.

Many studies found that sex was not a prognostic factor 
for ES [5,7,17,18], consistent with our findings. However, 
Miller et al. [11] identified male sex (HR=1.33, 95%CI 1.04–1.70) 
as an independent negative prognostic factor at 5 years. 
Duchman et al. [4] found that male sex was associated with 
decreased CSS at 10 years, but it was not an independent 
prognostic factor. Further studies will need to clarify the 
reasons for sex differences in survival. Duchman et al. [4] 
and Wan et al. [5] analyzed ES patients identified in the 
SEER program database and found that axial tumor location 

was associated with a poorer outcome compared with an 
appendicular location. However, by multivariate analyses, 
Miller et al. [11] reported that tumor site was not associated 
with survival. In our study, tumor location was not associated 
with the prognosis of elderly ES patients. Tumor stage is gener-
ally recognized as a very important predictor of ES [6,7,11,18]. 
Uyeturk et al. [18] reported that tumor stage was an indepen-
dent prognostic factor of ES in adults, which was similar to 
our study. Many studies have reported that larger tumor size 
is associated with poorer prognosis and decreased survival 
rate of ES patients [5,7,11]. However, in our cohort, tumor size 
was not associated with either OS or CSS. The fact that one-
third of the patients had unknown tumor size may explain this 
difference in our results.

Surgery, radiotherapy, and chemotherapy are the current stan-
dard treatments of ES patients [19]. However, the appro-
priate treatment for elderly ES patients remains unknown. 
Chemotherapy-related toxicity was generally higher than in 
younger patients [20,21]. Therefore, treatment for elderly 
sarcoma patients remains a challenge. The majority of patients 
(134, 82.7%) received chemotherapy, and only 28 (17.3%) did 
not. Our study also suggests that chemotherapy can offer a fa-
vorable outcome for elderly ES patients. Cesari et al. [8] found 
that the chemotherapy toxicity of elderly ES patients was similar 
to that of younger patients and recommended aggressive che-
motherapy in this age group. Moreover, surgical resection signif-
icantly prolonged the survival of our elderly ES patients, similar 
to other studies [5,6,11]. Thus, surgical excision in combination 
with chemotherapy should be recommended to this age group.

As ES is a radiosensitive tumor, radiotherapy can offer effec-
tive local control and reduce local recurrence [22]. However, 

Variable
OS CSS

Hazard ratio (95% CI) P value Hazard ratio (95% CI) P value

Tumor stage

	 Localized 1 1

	 Regional 1.389 (0.734–2.628) 0.313 1.373 (0.614–3.067) 0.440

	 Distant 2.629 (1.494–4.626) 0.001 2.976 (1.470–6.023) 0.002

Surgery

	 Yes 1 1

	 No 2.269 (1.429–3.601) 0.001 2.099 (1.209–3.646) 0.008

Chemotherapy

	 Yes 1 1

	 No 3.785 (2.252–6.360) 0.000 2.481 (1.292–4.762) 0.006

Table 3. Multivariate analysis for OS and CSS for elderly patients with Ewing sarcoma.

OS – overall survival; CSS – cancer-specific survival.
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there have been few studies on the effects of radiotherapy 
on survival of elderly ES patients. Elderly ES patients may re-
ceive radiotherapy due to its lower toxicity compared with 
systemic chemotherapy. Miller et al. [11] revealed that ES pa-
tients receiving radiotherapy alone were associated with shorter 
5-year survival, but Ning et al. [15] reported that radiotherapy 
did not appear to be inferior to surgery alone for most ES pa-
tients in regard to survival. Arshi et al. [17] found that radia-
tion treatment increased survival of spinal ES patients but did 
not reach statistical significance for both OS and CSS. Similarly, 
our study showed that about half of patients (48.8%) received 
radiotherapy, but this treatment was not associated with sur-
vival. The role of radiation treatment for elderly ES patients 
needs to be clarified in the future.

There are several limitations of this investigation. First, data 
on local recurrence or metastatic spread during the follow-up 
period were not recorded in the SEER database. Second, this 
database does not provide data on other prognostic factors in 
cancer survival, such as chemotherapy procedure and surgical 
method. Despite these shortcomings, the SEER database is of 
great value in the study of elderly patients with ES.

Conclusions

This is the largest investigation to determine the optimal man-
agement of elderly ES patients. OS and CSS rates of the study 
population at 5 years were 43.7% and 47.9%, respectively. 
Tumor stage, surgery, and chemotherapy were determined to 
be independent predictors of both OS and CSS. Elderly ES pa-
tients should receive chemotherapy and surgery if at all pos-
sible to achieve a good survival rate. Our study explored OS 
and CSS and their risk factors in this special cohort and lays 
a solid foundation for future research on standard therapy.
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