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Metastatic Ewing’s sarcoma (ES) of bone has a poor prognosis. Because there have been few previous studies
on the prognostic factors and clinical outcome in patients with ES who have metastases at presentation, the
aim of this study was to use the Surveillance, Epidemiology, and End Results (SEER) database to compare the
clinical outcome following single and combined radiation treatment and surgery.

The SEER database was used to identify patients with ES who presented with bone involvement and metas-
tasis between 1973 to 2015. Prognostic analysis was performed using the Kaplan-Meier method and the Cox
proportional hazards regression model.

There were 643 patients identified from the SEER database. The 5-year overall survival (OS) and cancer-spe-
cific survival (CSS) rates were 33.1% and 34.3%, respectively and the median OS and CSS were 29.0+1.9 and
29.0+2.1 months, respectively. Multivariate analysis identified age <20 years and surgical resection of the pri-
mary tumor to be significantly associated with improved OS. Radiation therapy was not an independent pre-
dictor of OS or CSS. Radiation therapy alone resulted in a significantly reduced the OS and CSS compared with
surgical resection alone. Combined surgery and radiation therapy of the primary tumor did not significantly
improve the OS or CSS of patients with ES and metastatic disease when compared with surgery alone.

Age <20 years and surgical resection of the primary tumor were significantly associated with improved OS in
patients with primary ES of bone who presented with metastasis.
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Background

Ewing’s sarcoma (ES) is the second most common primary
malignancy of bone in children and adolescents [1,2].
Approximately one-third of patients with ES present with meta-
static disease [3,4]. The demographic, prognostic, and outcome
data for ES are well documented. Patient age, primary tumor
site, size, grade, and stage, treatment with chemotherapy, sur-
gery, and radiation therapy are all prognostic factors in patients
with ES [3,5-10]. It has previously been reported that systemic
chemotherapy combined with surgery and/or radiation ther-
apy for local control of ES was associated with a 5-year sur-
vival rate of approximately 70% [11]. However, patients with
primary ES of bone who presented with metastasis usually
have a poor prognosis, with a 5-year event-free survival rate
from presentation of between 20-30% [1,11]. A previously
reported study that used patient data from the Surveillance,
Epidemiology, and End Results (SEER) database showed that
the 10-year survival was 28.1% when patients with osseous
ES presented with metastasis, tumor size >10 cm, patient age
>20 years, and axial primary tumor location [3].

Current standard localized or regional treatment for patients
with ES includes systemic chemotherapy and surgery and/or
radiation therapy for local control. However, the treatment
for metastatic ES remains a challenge and chemotherapy has
been the accepted treatment [12]. Whether surgical excision
of the primary bone tumor improves the survival of patients
who present with metastatic ES is unknown. ES is considered
to be a radiosensitive tumor and radiation therapy may provide
a survival benefit [6]. However, Arshi et al. [8] reported that ra-
diation therapy did not improve the survival of patients with
ES arising in the spine. Therefore, the role of radiation therapy
on the prognosis of patients who present with primary osse-
ous ES with metastases requires further study.

Because there have been few previous studies on prognostic
factors and clinical outcome in patients with ES who have me-
tastases at presentation, the aim of this large-scale study was
to use the Surveillance, Epidemiology, and End Results (SEER)
program database of the National Cancer Institute (NCI) to com-
pare the clinical outcome following single and combined radi-
ation treatment and surgery to identify predictors of survival.

Material and Methods

Patient population

Data on patients with primary Ewing’s sarcoma (ES) of bone
with metastasis at diagnosis were obtained using the case-
listing session procedure from the Surveillance, Epidemiology,
and End Results (SEER) program. The SEER database is publicly
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SEER program database (1973-2015)
Ewing sarcoma of bone (ICD-0-3 histologic type: 9260: 1(D-0-3
site code: (40.0-40.3, (40.8—41.4, (41.8-41.9)
N=2436

Excluded Localized or regional Ewing

sarcoma N=1694

Metastatic Ewing sarcoma

N=742
Excluded Patients diagnosed not from
histopathology or unknown
N=37
Patients diagnosed from

histopathology N=705

No chemotherapy N=41
Therapy unknown N=17
Survival time <1 month N=4

Excluded

Patients included in this
study N=643

Figure 1. Study flowchart of the selection of the study
population. ES — Ewing’s sarcoma; SEER — Surveillance,
Epidemiology, and End Results; ICD-O-3 — International
Classification of Diseases for Oncology, 3 Edition.

available, confidential, and does not contain patient identifica-
tion data. This study was approved by the Ethics Committee of
Yuyao Peoples’ Hospital of Zhejiang Province, China.

A total of 2,436 patients were identified who were diagnosed
between 1973 and 2015 with primary ES of bone with metas-
tasis at initial presentation. The International Classification of
Diseases for Oncology, 3rd edition (ICD-O-3) was used to iden-
tify patients with ES (ICD-O-3 histologic type: 9260; ICD-0-3
site code: C40.0-40.3, C40.8-41.4, C41.8-41.9), using the case-
listing procedure. Only patients with metastatic disease were
enrolled, based on tumor stage at diagnosis. Patients with ES
arising from the extra-skeletal locations were excluded. The
diagnosis in all cases was confirmed histologically, based ei-
ther on biopsy results or from the surgical resection specimen.
Thirty-seven patients were excluded who were diagnosed
only by clinical presentation, radiography, or identified as un-
known. Forty-one patients who did not receive chemotherapy,
17 patients with unknown therapy, and four patients with a
survival time of less than one month were also excluded from
the study (Figure 1).

Data extracted from the SEER database included patient
age, gender, race, year of diagnosis, tumor location, grade,
stage, type, size, surgical treatment, radiation treatment,
chemotherapy, the cause of death, and survival time. In this
study, surgery or radiation treatment referred to treatment for
the local primary bone tumor. Tumor location was identified

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS]

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)




CLINICAL RESEARCH

Ren X. et al.:
Surgical resection of Ewing’s sarcoma
© Med Sci Monit, 2019; 25: 1254-1262

Table 1. Demographic and clinical characteristics of 643 patients with primary Ewing’s sarcoma of bone and metastatic disease at
presentation identified in the Surveillance, Epidemiology, and End Results (SEER) database from 1973 to 2015.

Category Value

Mean age (years) 20

<20 411 (63.9%)
s 232 (36.1%)
Ncerder
~ Femae 236 (36.7%)
C oMae 407 (633%)
B
R 222 (345%)
oAl 267 (415%)
R e e S o1 (142%)
~ Otherlocations 63 (08%)
e
"""" Mean@m) 10
"""" Median@m) 9o
- aoem 181 (28.1%)
- s0m 166 (25.8%)
~ Unknown 206 (46%)

by four categories: axial (pelvis and spine; appendicular (long
and short bones of the upper and lower extremities); rib, ster-
num, and clavicle, and; other locations (mandible, skull, and
other atypical locations).

Statistical analysis

Statistical analysis was performed using Microsoft Excel 2016
(Microsoft Corp., Redmond, WA, USA) and SPSS software ver-
sion 21.0 (SPSS Inc., Chicago, IL, USA). Overall survival (OS) was
defined as the time from diagnosis to death from any cause
and cancer-specific survival (CSS) was defined as the time
from diagnosis to death due specifically to ES. The Kaplan-
Meier method was used to draw the OS and CSS curves and
calculate the median survival. Observations were statistically
censored if the patient was alive at the time of the last fol-
low-up. Univariate analysis was performed using the Kaplan-
Meier method with the log-rank test. Variables with a P-value
<0.05 from the univariate analysis were included from multi-
variate analysis. Multivariate analysis was used to determine

Surgery

e 23 (78%)
SN 400 (622%)
Radiation treatment
e 395 (614%)
N 28 (38.6%)
localtreatment
© Sugery+radiation 147 (2.9%)
© sugeyony 9% 14.9%)
© Radatononly 28 (386%)
 Notheapy 152 (23.6%)
CAive
N a2 (641%)
e 231 (359%)
3yearOState . 134%
3yearcssrate . 7%
syearOState 31%
syearcssrate 3%

0S - overall survival; CSS — cancer-specific survival;
SEER — Surveillance, Epidemiology, and End Results.

the independent predictors of OS and CSS with a Cox pro-
portional hazards regression model. The hazard ratios (HR)
and corresponding 95% confidence interval (Cl) were used to
show the effect of patient factors on OS and CSS. Differences
were deemed statistically significant if the P-value was <0.05.

Results

Clinical characteristics of 643 patients with metastatic
Ewing’s sarcoma (ES)

In total, 643 patients with metastatic Ewing’s sarcoma (ES)
identified from the Surveillance, Epidemiology, and End Results
(SEER) database were eligible for the study. In terms of primary
tumor location, 34.5% of primary tumors were located in the
extremities, 41.5% in the axial skeleton, and 14.2% in the rib,
sternum, or clavicle. Information on the tumor size was avail-
able in 54% of the cases and was categorized based on the
mean tumor size (10 cm). All patients underwent chemotherapy.
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Table 2. Median survival data (in months) of patients with Ewing’s sarcoma of bone and metastatic disease at presentation.

Overall

Cancer-specific

Category S 95% CI survival 95% CI
Overall 29.0£1.9 25.2-32.8 29.0+2.1 24.9-33.1
CAgelyears)
"""" @ 330827  277-383 340827  286-394
"""" >0  210¢19  172-248 220432 157-283
CGender
"""" Female  340s46 250430 360s54 255-465
"""" Male 280419 242-318  280s22  236-324
Clecation
"""" Appendicular 320431  260-380 320432  258-382
"""" Akial  250£20  210-200  260#21 219301
"""" Rib, sternum and clavicle ~~ 57.04109 357783 5704117 342-798
"""" Other locations ~ 210s49 114306  260s61 141379
CTumorsize
"""" doem  430s81 272588 470s143 189751
"""" >loem 30434 254386 330439  254-406
Cswrgery
"""" Yo 400467  270-530 430476  281-57.9
"""" N 220s17 186254 220s19 184256
 Radiation treatment
"""" Y. 30823 276364 340824  293-387
"""" N 23024 183277 260823 214306
localtreatment
"""" Surgery + radiation  410s81  251-569 410480 254-566
"""" Sugeryonly  300s147 102678 500+163 180-820
"""" Radiationonly ~ 280s30 221339  280s33 215345
"""" Notherapy ~ 180+¢19 143217 180s19 142218

Cl - confidence interval.

About one-third of the patients (37.8%) received local sur-
gery and more than half (61.4%) received radiation treatment.
There were 412 (64.1%) patients who died, and 387 patients
died from metastatic ES. The 3-year and 5-year OS rates for
the entire cohort were 43.4% and 33.1%, respectively. The
3-year and 5-year CSS rates were 44.7% and 34.3%, respec-
tively (Table 1). The median OS and CSS were 29.0+1.9 and
29.0+2.1 months, respectively, indicating a poor prognosis for
this cohort (Table 2).

Univariate analysis of variables associated with OS and
CSS for patients with metastatic ES

Table 2 summarizes the median survival data, in months, for pa-
tients with ES of bone and metastatic disease at presentation.

Table 3 shows the results of Kaplan-Meier univariate survival
analysis. Univariate analysis showed that gender and tumor
size were not associated with OS or CSS. Younger patients had
a significantly better outcome, with a longer median survival
time, compared with older patients (Figures 2A, 3A). Patients
with axial tumors had poorer outcomes than those with ap-
pendicular, rib, sternum, or clavicle tumors.

In terms of treatment, patients who underwent surgical
treatment had a better OS and CSS than those who did not
(Figures 2B, 3B). Radiation treatment significantly prolonged
the OS of patients with ES who presented with metastasis.
However, radiation treatment had no significant effect on
CSS and the addition of radiation treatment did not signif-
icantly improve the OS and CSS of patients who underwent
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Table 3. Univariate analysis of variables in patients with Ewing’s sarcoma of bone and metastatic disease at presentation using the
Kaplan-Meier method.

Overall survival

Cancer-specific survival

Category (log-rank p-value) (log-rank p-value)
Age at diagnosis 0.000 0.000
CGender oos0 0065
Clocaion 0003 0008
"""" Axialvs. appendiclr o019 o000
"""" Axial vs.rib, sternum, and clavide o001 0003
"""" Axial vs. other locations ~ oe% o072
"""" Appendicular vs. rib, sternum and clavicle 0222 o018
"""" Appendicular vs. other locations 0055 ou3
"""" Rib, sternum and clavicle vs. other locations 0008 0018
Tumorsize (<10 cmvs. 210cm) 0095 0124
Csugery 0000 0000
Radiation treatment 0048 0067
localtreatment 0000 0000
"""" Surgery + radiation vs. surgeryonly o706 096
"""" Surgery + radiation vs. radiationonly o004 0008
"""" Surgery + radiation vs. no therapy 0000 0000
"""" Surgery only vs. radiationonly o004 o024
"""" Surgery only vs. no theapy 000 0000
"""" Radiation only vs. no therapy 0013 oo0l0

surgery (Figures 2C, 3C). The group treated with surgery or ra-
diation therapy alone had considerably better outcomes when
compared with the non-treated group (Figures 2C, 3C).

Multivariate analysis of independent predictors of OS and
CSS for patients with metastatic ES

Multivariate analysis of all patients identified age at diagno-
sis and surgery for primary tumors to be independent predic-
tors of OS and CSS. Multivariate analysis identified no signif-
icant difference in either OS or CSS based on tumor location
and showed that radiation treatment was not an independent
prognostic factor for OS (Table 4).

Discussion

In childhood and adolescence, Ewing’s sarcoma (ES) is the
second most common primary sarcoma of bone and this tu-
mor metastasizes to the lungs, bones, and other organs at an
early stage [1,2]. Despite intensive treatment, patients with
ES of bone and metastasis usually have a poor prognosis, with

a 5-year OS rate <30% [13-15]. The findings of the present
study showed that the 5-year OS and CSS rates for the entire
cohort were 30.9% and 37.6%, respectively. Therefore, there
is a significant need to improve these clinical outcomes. Few
studies have documented the prognosis of patients with met-
astatic primary ES of bone. To our knowledge, this study is the
first to assess the demographic information with surgical and
radiation treatment information of patients with metastatic
primary ES of bone and to explore possible predictors of sur-
vival using the Surveillance, Epidemiology, and End Results
(SEER) database.

The mean and median age at diagnosis of this cohort was 20
and 17 years, respectively, with a male predominance (1.7: 1.0),
which was similar to previously reported findings [3]. Univariate
analysis of the cohort of patients studied showed that gen-
der was not associated with significant differences in either
0S or CSS, which was also supported by the findings of pre-
vious studies [3,8,16-18]. However, Bacci et al. [19] reported
that female gender was an independent favorable prognostic
factor for patients with non-metastatic ES. Several previously
published studies have shown that young age at diagnosis
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Figure 2. Kaplan-Meier plots of the overall survival (OS) in patients with primary Ewing’s sarcoma of the bone and metastatic disease
at presentation stratified by age, surgery, and radiation therapy. (A) OS in patients with primary Ewing’s sarcoma of the
bone and metastatic disease at presentation stratified by age (years) at diagnosis. (B) OS in patients with primary Ewing’s
sarcoma of the bone and metastatic disease at presentation stratified by treatment with surgery alone. (C) OS in patients
with primary Ewing’s sarcoma of the bone and metastatic disease at presentation stratified by treatment with surgery and

radiation therapy.

was associated with improved patient prognosis [3,16-19].
Bacci et al. [19] reported that an age <14 years was an inde-
pendent predictor of positive outcomes for patients with non-
metastatic ES. The findings of the present study also showed
that patient age >20 years was independently associated with
decreased OS and CSS in patients with primary ES of bone with
metastasis. Although age is an important prognostic factor for
patients with ES, with or without metastasis at presentation,
some recent studies have found age not to be a predictor of
outcome for patients with ES, which has been attributed to
the similar treatment of adults and children [20-22].

ES frequently presents as an axial mass, which was also the
case for the cohort of patients in the present study [13,14]. An
appendicular location of ES has previously been shown to be
associated with a better outcome compared with an axial loca-
tion [3]. In the present study, tumor location was significantly
associated with both OS and CSS but was not an independent
prognostic factor. Tumor size has been shown to be an im-
portant predictor of outcome in patients with ES [3,9,18,23].
Although the findings of the present study showed that tumor
size was not associated with either OS or CSS, trends toward
increased OS and CSS were observed for patients with tumor
size <10 cm compared with patients with a tumor size 210 cm.
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Figure 3. Kaplan-Meier plots of the cancer-specific survival (CSS) in patients with primary Ewing’s sarcoma of the bone and metastatic
disease at presentation stratified by age, surgery, and radiation therapy. (A) CSS in patients with primary Ewing’s sarcoma
of the bone and metastatic disease at presentation stratified by age (years) at diagnosis. (B) CSS in patients with primary
Ewing’s sarcoma of the bone and metastatic disease at presentation stratified by treatment with surgery alone. (C) CSS
in patients with primary Ewing’s sarcoma of the bone and metastatic disease at presentation stratified by treatment with

surgery and radiation therapy.

Current treatment for ES arising in bone consists of systemic
chemotherapy in addition to local control with surgical exci-
sion and/or radiation therapy. However, little is known about
the optimal standard treatment for patients with ES of bone
who have metastasis at presentation. Surgical resection is the
main local treatment for patients with ES and can prolong sur-
vival [24]. In the cohort in the present study, surgical resection
of the primary tumors also prolonged the survival of patients
with ES who presented with metastasis. Also, in patients with
metastasis, removing the primary tumor can reduce pain, im-
prove quality of life, and prolong survival. Therefore, local sur-
gery is an appropriate treatment for patients with metastatic ES.
Raciborska et al. [25] reported that treatment of isolated lung

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

metastases may have a role in improving prognosis in patients
with ES. Letourneau et al. [26] reported that resection of pul-
monary metastases in pediatric patients with ES improved sur-
vival. Liu et al. [27] reported that radiation therapy for local
control of metastatic sites was effective and tolerable in chil-
dren with metastatic ES. Therefore, for these patients, both
primary and metastatic lesions should be actively treated in
order to maximize survival time.

Although ES is considered to be a radiosensitive tumor, radia-
tion therapy is favored for central or unresectable tumors [28].
The effect of radiation therapy on the prognosis for metastatic
ES is unclear. Previous studies have shown that patients with
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Table 4. Multivariate analysis of overall survival (OS) and cancer-specific survival (CSS) for patients with primary Ewing’s sarco-

ma of bone and metastatic disease at presentation.

Overall survival

Cancer-specific survival

Variable
Age (years) 0.001 0.001

"""" N T T
"""" >0 1396 (1138-171 0001 1416 (L149-1.744) 0001
Cloation o117 0197
"""" Appendicular 1
"""" Aial  1214(097-1524) 0095 1180 (0.936-1488) 0162
"""" Rib, sternum and clavicle ~ 0.890 (0.642-1.233) 0482 0871(0618-1227) 0428
"""" Otherlocations ~ 1284(0904-1822) 0162 1240 (0.861-1785) 0248
Csurgery 0000 0000
"""" Yes 1 e
"""" N  1477(1192-1829) 0000 1501(1.203-1873) 0000
 Radiation treatment 005 -
"""" Yes o
"""" N  1187(0970-1453 0095 - -
ES who received only radiation therapy as the local treatment, Conclusions

had significantly reduced OS and CSS compared with patients
who underwent surgery alone [24,29,30], which is consistent
with the findings of the present study. However, some stud-
ies have reported that radiation therapy alone improved local
control and survival that was comparable to surgery [31-33].
In the present study, radiation therapy was not an independent
predictor of OS and was not associated with CSS and patients
who received local radiation therapy alone or no local treat-
ment had the worst outcomes (Table 2) (Figures 2C, 3C). Also,
the combination of surgery and radiation therapy appeared to
be unnecessary as the addition of radiation treatment did not
significantly improve the OS and CSS of patients with meta-
static ES who underwent surgery (Table 3).

This study had several limitations. Data on other known prog-
nostic factors for cancer survival, including the surgical method
used and the use of neoadjuvant chemotherapy were not avail-
able in the database. Also, data indicating whether surgery
was performed before or after chemotherapy was not avail-
able, and tumor size was only available for 54% of the patients.
Despite these limitations, the SEER database provides impor-
tant insights into rare cancers, including ES, and was an im-
portant resource for data on patients with primary ES of bone
who presented with late-stage disease and tumor metastasis.

To our knowledge, this was the largest population-based study
that included patient demographics, clinical presentation, treat-
ment, and clinical outcome to analyze the prognostic factors
in patients with primary Ewing’s sarcoma (ES) of bone and
metastatic disease at diagnosis. The study included for 643
patients, and the 5-year overall survival (OS) and cancer-spe-
cific survival (CSS) rates were 33.1% and 34.3%, respectively.
The median OS and CSS were 29.0+1.9 and 29.0+2.1 months,
respectively. The independent predictors of both OS and CSS
were age at diagnosis and surgical excision of the primary tu-
mors. It is hoped that the findings for this study on the OS, CSS,
and risk factors for patients with primary ES of bone who pres-
ent with metastasis, will provide the basis for future research
on ES and for the development of standardized treatment.
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