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Background: Ewing sarcoma (ES) of bone is accounting for the second most common type of primary
bone cancer in children and adolescents. However, the patterns of distant metastasis (DM) and the effect
of the sites of DM on survival outcomes were not investigated.
Aims: This study aimed to investigate the patterns of DM and the prognostic factors related to outcomes
in primary metastatic ES of the bone.
Methods: Patients who were diagnosed with primary metastatic ES between 2010 and 2018 were iden-
tified from the Surveillance, Epidemiology, and End Results database. Kaplan–Meier analysis, log-rank
tests, and Cox proportional-hazards regression models were used for statistical analyses.
Results: We identified 277 patients in this study and 95.3% of them (n = 264) receiving chemotherapy. A
total of 371 sites of DM were observed. Lung was the most common distant metastatic site (n = 182,
49.1%), followed by bone (n = 139, 37.5%), distant lymph node (n = 26, 7.0%), liver (n = 14, 3.8%), and brain
(n = 10, 2.7%). Three-year cause-specific survival (CSS) was 56.1% in the entire cohort. Older age (hazard
ratio [HR] 2.210, P < 0.001) and bone metastasis (HR 1.903, P = 0.002) were the independent prognostic
factors associated with inferior CSS. Similar results were found in those with bone-only metastasis
(n = 80) or lung-only metastasis (n = 117), which showed that patients with bone-only metastasis had
an inferior CSS compared to those with metastases only to the lung (HR 1.926, P = 0.005).
Conclusions: Lung and bone are the most frequently distant metastatic sites in patients with primary
metastatic ES of bone. Bone metastasis is an independent risk factor for inferior survival.
� 2021 The Author(s). Published by Elsevier GmbH. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Ewing sarcoma (ES) of bone is accounting for the second most
common type of primary bone cancer in children and adolescents
[1,2]. It was observed more frequently in Asians and Whites than
in Blacks [2]. Despite the application of multidisciplinary treat-
ment improves survival outcomes substantially [3], 30%-40% of
patients will eventually develop local or distant failure after treat-
ment [4]. In addition, approximately 20%–30% of the ES patients
presenting with de novo stage IV metastatic disease [5], which
would modify the survival outcomes with a poor prognosis [6].
Previous studies from the Several Surveillance, Epidemiology,
and End Results (SEER) studies had found several predictive indica-
tors related to the increased risk of detectable metastatic disease in
ES, including older age, larger tumor diameter, and axial tumor
location [7,8]. Moreover, the prognostic factors affecting the prog-
nosis of metastatic ES have been identified in several studies,
including older age, larger tumor volume, axial tumor location,
and the rise of serum lactate dehydrogenase [9–11]. However,
the patterns of distant metastasis (DM) and the effect of the sites
of DM on survival outcomes were not investigated. The current
staging of ES was based on the American Joint Committee on Can-
cer staging system. However, the risk stratification for ES patients
with primary metastatic disease is limited. There were heteroge-
neous survival outcomes in patients with DM, with a survival rate
of 22%-62% [12–15]. Therefore, the reasonable classification of the
patients with metastatic disease must be investigated to better
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Table 1
Patient’s baseline characteristics.

Variables Number (%)

Age (years)
<25 195 (70.4)
�25 82 (29.6)

Gender
Male 172 (62.1)
Female 105 (37.9)

Race/ethnicity
White 232 (83.8)
Black 14 (5.1)
Other 31 (11.2)

Tumor location
Axial 161 (58.1)

L. Zhang, L. Xiong, Li-Mei Wu et al. Journal of Bone Oncology 30 (2021) 100385
risk-stratify patients for subsequent surveillance and guide appro-
priate treatment.

In recent years, the patterns of DM as prognostic indicators in de
novo stage IV metastatic cancers have been investigated increas-
ingly, which provided additional information for clinical practice
[16–18]. However, the progression of understanding the epidemi-
ology of primary metastatic ES is limited. In addition, whether
the prognostic factors in ES patients who occur distant failure after
multidisciplinary treatment can be applied to patients who present
with primary metastatic disease remains unclear. In light of this,
our study aimed to conduct a retrospective analysis to determine
the patterns of DM and the prognostic factors in patients with pri-
mary metastatic ES of the bone.
Extremity 116 (41.9)
Tumor size
�5 cm 18 (6.5)
>5–10 cm 95 (34.3)
>10 cm 98 (35.4)
Unknown 66 (23.8)

Regional nodal status
Negative 184 (66.4)
Positive 42 (15.2)
Unknown 51 (18.4)

Distant lymph node metastasis
No 251 (90.6)
Yes 26 (9.4)

Bone metastasis
No 13 8(49.8)
Yes 139 (50.2)

Lung metastasis
No 95 (34.3)
Yes 182 (65.7)
2. Materials and methods

2.1. Study population

Patients data were identified from the SEER program [19]. The
SEER program includes 18 cancer registries, which represent
approximately 35% of the United States population. Patients diag-
nosed with primary metastatic (de novo stage IV) ES of the bone
between 2010 and 2018 were identified. Patients with available
patterns of DM were identified in this study, including bone, lung,
liver, brain, and distant lymph node metastasis. Because of the de-
identified information of patient data in the SEER program,
informed consent or ethical approval was no requirement of this
study.
Liver metastasis
No 263 (94.9)
Yes 14 (5.1)

Brain metastasis
No 267 (96.4)
Yes 10 (3.6)

Primary surgery
No 198 (71.5)
Yes 79 (28.5)

Radiation therapy
No 94 (33.9)
Yes 183 (66.1)

Chemotherapy
No 13 (4.7)
Yes 264 (95.3)

Number of metastatic sites
2.2. Variables

We investigated the effect of the following variables, including
age, race/ethnicity, gender, tumor size, tumor location, regional
nodal status, specific sites of DM, and clinical management, upon
the survival of primary metastatic ES patients. Age was classified
into two categories: <25 years and �25 years. Tumor location
was divided into axial and extremity. The sites of DM comprised
lung, brain, bone, liver, and distant lymph nodes. The primary end-
point of this study was cause-specific survival (CSS), which was
determined by the time of diagnosis of ES to death from malig-
nancy of bones and joints.
1 204 (73.6)
2 54 (19.5)
3 17 (6.1)
4 2 (0.7)
5 0 (0)
2.3. Statistical analyses

CSS were estimated using Kaplan-Meier methods, and log-rank
tests were carried to compare survival differences among sub-
groups. Cox proportional hazards models were performed to deter-
mine the independent prognostic factors related to CSS.
Multivariate analyses were performed including the variables pos-
itively associated with prognosis in univariate analysis (P<0.05 as a
cutoff). SPSS 21.0 (IBM Corporation, Armonk, NY) and MedCalc Sta-
tistical Software version 18.2.1 (MedCalc Software bvba, Ostend,
Belgium) were used for statistical analyses, and P<0.05 was consid-
ered statistically significant.
3. Results

3.1. Patient characteristics

We identified 277 patients in this study with a median age of 17
years (range, 0-87 years). Table 1 lists the details of patient’s base-
line characteristics. In patients with available tumor size (n=211)
or regional nodal status (n=226), 91.5% (n=193) were tumor size
>5cm and 81.4% (n=184) were regional node-negative. Regarding
2

the tumor location, 58.1% (n=161) and 51.9% (n=116) of patients
were tumor located in axial and extremity, respectively.

Regarding the treatment at the diagnosis of de novo stage IV dis-
ease, most patients (n=264, 95.3%) received chemotherapy. In addi-
tion, 28.5% (n=79) and 66.1% (n=183) of them were treated with
primary surgery and primary radiotherapy, respectively.
3.2. The patterns of DM

The distributions of DM sites are shown in Table 2. Among the
277 patients, a total of 371 sites of DM were observed. Lung was
the most common site of DM (n=182, 49.1%), followed by bone
(n=139, 37.5%), distant lymph node (n=26, 7.0%), liver (n=14,
3.8%), and brain (n=10, 2.7%). In addition, 204 (73.6%), 54 (19.5%),
17 (6.1%), and 2 (0.7%) patients had one, two, three, and four sites
of DM, respectively. No patients had five sites of DM.



Table 2
The distribution of distant metastases sites.

The specific site of distant metastasis Number (%)

Lung alone 117 (42.2)
Bone alone 80 (28.9)
Distant lymph node alone 5 (1.8)
Liver alone 1 (0.4)
Brain alone 1 (0.4)
Bone + Lung 35 (12.6)
Lung + Distant lymph node 9 (3.2)
Liver + Lung 3 (1.1)
Bone + Brain 3 (1.1)
Bone + Distant lymph node 2 (0.7)
Brain + Distant lymph node 1 (0.4)
Brain + Lung 1 (0.4)
Bone + Lung + Distant lymph node 6 (2.2)
Bone + Lung + Liver 6 (2.2)
Bone + Brain + Lung 3 (1.1)
Bone + Liver + Distant lymph node 1 (0.4)
Bone + Brain + Liver 1 (0.4)
Bone + Liver + Lung + Distant lymph node 2 (0.7)
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3.3. Survival

The median follow-up was 20 months (range, 0-107 months). In
the entire cohort, 137 death were observed, including 111 patients
were cancer-specific death. The 5-year CSS was 56.1% in the entire
cohort. In the Kaplan–Meier survival analysis, bone metastasis was
associated with inferior CSS (P<0.001), the 3-year CSS was 44.4%
and 67.7% in patients with and without bone metastasis, respec-
tively. Liver metastasis was also related to lower CSS (P=0.022),
the 3-year CSS was 43.9% and 56.7% in patients with and without
liver metastasis, respectively. Moreover, the number of metastatic
sites had significantly impact CSS (P<0.001), the 3-year CSS was
60.3% and 42.3% in patients with single and two or more sites of
DM, respectively. However, lung (P=0.346), brain (P=0.865), and
distant lymph node metastases (P=0.687) had no significant effect
on CSS. Figure 1 displays the survival curves for CSS after stratifica-
tion by the specific site of DM. In patients with bone-only metasta-
sis (n=80) or lung-only metastasis (n=117), the 3-year CSS was
47.1% and 69.1%, respectively (P=0.002) (Figure 2).
3.4. Prognostic analyses

The results of prognostic analyses in the entire cohort are
shown in Table 3. The univariate analysis showed that age, race/
ethnicity, tumor size, bone metastasis, liver metastasis, and the
number of DM sites were the prognostic factors related to CSS
(all P<0.05). Next, we conducted multivariate analysis after adjust-
ment for the aforementioned prognostic factors, older age (hazard
ratio [HR] 2.210, 95% confidence interval [CI] 1.490-3.279, P<0.001)
and bone metastasis (HR 1.903, 95%CI 1.254-2.887, P=0.002)
remained the independent prognostic factors for inferior CSS.
However, race/ethnicity, liver metastasis, and the number of DM
sites were not associated with CSS in the multivariate analysis.

Moreover, we conducted univariate and multivariate prognostic
analyses among those with bone-only metastasis or lung-only
metastasis (Table 4). The results of the univariate analysis showed
that age, tumor size, and the sites of DM were the prognostic fac-
tors related to CSS (all P<0.05). Multivariate analysis was con-
ducted with adjustment for the aforementioned prognostic
factors. The results showed that older age (HR 2.372, 95%CI
1.453-3.871, P=0.001) and bone-only metastasis (HR 1.926, 95%CI
1.216-3.048, P=0.005) were the independent prognostic factors
associated with inferior CSS.
3

4. Discussion

In the present study, we sought to determine the patterns of
DM and the prognostic factors associated with survival in primary
metastatic ES using a population-based cohort in recent years. Our
results showed that lung and bone were the most common sites of
DM in patients with primary metastatic ES. However, only bone
metastasis was associated with inferior survival for this popula-
tion. Our study could help clinicians to improve patient counseling,
‘‘tailor” subsequent surveillance, better risk stratification in staging
study, and guide appropriate treatment for this patient subset.

A previous study from the SEER program showed that tumor
size >5cm and tumor located in the pelvic were the independent
prognostic factors for DM [7]. In this study, we also found that
91.5% of patients were tumor size >5cm. Moreover, in patients with
available regional lymph node status, only 18.6% of them had
node-positive disease. Several previous studies also showed a
lower risk of regional lymph node metastasis in non-metastatic
ES patients [20,21]. These results indicated that the presence of
regional lymph node metastasis may not be associated with a
higher risk of hematogenous dissemination, which may prove use-
ful in risk stratification for this patient subset.

The incidence of ES is very low, reaching a peak in adolescence
[22]. It is challenging to include a large cohort to investigate the
patterns of DM for this patient subset. Several studies from the
SEER program have investigated the survival outcome of primary
metastatic ES [7,8,23]. However, the patterns of DM were not ana-
lyzed in these studies [7,8,23]. A study from Paulino et al. included
30 patients with primary metastatic ES, a total of 52 sites of DM
were observed. Of these patients, 19 (36.5%), 18 (34.6%), 2 (3.8%),
and 2 (3.8%) patients were presented with lung, bone, liver, and
brain metastases, respectively [15]. Another study from Children’s
Oncology Group included 110 patients with primary metastatic ES,
38.5%, 38.5%, and 23.1% of patients had lung metastasis, bones/
bone marrow metastases, and combinations or others, respectively
[24]. Moreover, Paulussen et al. included 171 primary metastatic ES
patients from the European Intergroup Cooperative Ewing Sarcoma
Studies (EICESS), 35.7%, 37.4%, and 21.1% of patients had lung,
bone, and lung+bone metastases. However, only 5 (2.9%), 2
(1.2%), and 0 patients had distant lymph node, brain, and liver
metastases, respectively [25]. In our study, 49.1%, 37.5%, 7.0%,
3.8%, and 2.7% of patients presented with lung, bone, distant lymph
node, liver, and brain metastases, which were similar to the previ-
ous studies [15,24,25]. In patients with distant metastatic disease
after definitive treatment, lung (48.7%) and bone (33.3%) were
the most frequent metastatic sites [26]. These results suggest that
ES is a heterogeneous subtype and more prone to have lung and
bone metastases, and less potential for liver and brain metastases
compared to the epithelial tumor.

Due to the different number of patients in various studies
[15,24,27], the role of metastatic sites for survival in ES remains
controversial. Similar to our results, several studies have found
that bone metastasis portended a particularly inferior survival out-
come than those with lung metastasis [25,28–30]. The results from
EICESS studies also showed that patients with bone metastasis had
inferior outcomes than those with lung metastasis (P=0.0087) [25].
In addition, the findings from Euro-EWING 99 trial showed that
bone metastasis confer a poorer 5-year relapse-free survival than
those with lung/pleural metastases (<21% vs. 55%) [31]. In our
study, lung metastasis was also not related to inferior survival,
while patients with bone-only metastasis had significantly lower
CSS compared to those with lung-only metastasis.

As part of the curative treatment in stage IV ES, whole lung
radiotherapy has been routinely used to treat lung metastasis,
and it has significantly improved the long-term outcomes



Fig. 1. The cancer-specific survival curves stratified by the sites of distant metastasis and the number of metastatic sites (A, bone metastasis; B, brain metastasis; C, liver
metastasis; D, lung metastasis; E, distant lymph node metastasis; F, the number of metastatic sites).

Fig. 2. The cancer-specific survival curves between those with bone-only metastasis and lung-only metastasis.
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[12,32–34]. The better prognosis for patients with lung metastasis
may reflect the unique biological characteristics or the distinctive
microenvironment of the cancer cells. Tumor cells that located in
the bone may have a higher malignant potential compared to
tumor cells that merely settled in the first capillary bed after
detachment from the primary tumor [25]. The study from the
EICESS also showed an inferior relapse-free survival in those with
bone metastasis compared to those with lung metastasis, with a
5-year relapse-free survival was 19% and 29%, respectively [14].
In ES patients with relapsed disease after local treatment and sys-
4

temic chemotherapy, the 5-year event-free survival was also sig-
nificantly related to the site of first DM, the 5-year event-free
survival was 1.5% for those with bone metastasis and was 11.5%
for those with lung metastasis [35]. This phenomenon has impor-
tant implications for the treatment of specific organ metastasis and
the prediction of the prognosis with primary metastatic ES.

In patients with non-metastatic ES after definitive treatment,
older age was an independent prognostic factor for survival out-
comes [21,36–39]. In patients with primary metastatic ES, our
study also found that older age was associated with a higher risk



Table 3
Univariate and multivariable Cox regression analyses for independent prognostic factors affecting cause-specific survival in the entire cohort (n = 277).

Variables Unadjusted Adjusted
HR 95%CI P HR 95%CI P

Age (years)
<25 1 1
�25 2.305 1.558–3.411 <0.001 2.210 1.490–3.279 <0.001

Gender
Male 1 —
Female 1.013 0.687–1.493 0.948 — — —

Race/ethnicity
White 1 1
Black 2.184 1.058–4.506 0.035 1.595 0.734–3.467 0.238
Other 1.199 0.656–2.192 0.554 0.862 0.458–1.622 0.645

Tumor location
Axial 1 —
Extremity 0.989 0.679–1.440 0.952 — — —

Tumor size
�5 cm 1 1
>5–10 cm 0.386 0.177–0.844 0.017 0.420 0.186–0.944 0.036
>10 cm 0.555 0.259–1.192 0.131 0.586 0.263–1.306 0.191
Unknown 0.743 0.342–1.612 0.452 0.568 0.250–1.290 0.176

Regional nodal status
Negative 1 —
Positive 1.105 0.678–1.802 0.688 — — —
Unknown 0.920 0.441–1.919 0.824 — — —

The sites of distant metastases
Bone yes vs. no 2.183 1.482–3.216 <0.001 1.903 1.254–2.887 0.002
Lung yes vs. no 0.833 0.567–1.223 0.351
Liver yes vs. no 2.531 1.102–5.814 0.029 1.436 0.582–3.541 0.433
Brain yes vs. no 0.906 0.288–2.855 0.866
Distant lymph node yes vs. no 1.142 0.596–2.189 0.69

The number of distant metastases
1 1 1
�2 2.063 1.376–3.095 <0.001 1.458 0.943–2.255 0.090

CI, confidence interval; HR, hazard ratio.

Table 4
Univariate and multivariable Cox regression analyses for independent prognostic factors affecting cause-specific survival in those with bone-only metastasis or lung-only
metastasis (n = 197).

Variables Unadjusted Adjusted
HR 95%CI P HR 95%CI P

Age (years)
<25 1 1
�25 2.472 1.519–4.023 <0.001 2.372 1.453–3.871 0.001

Gender
Male 1 —
Female 0.969 0.607–1.547 0.896 — — —

Race/ethnicity
White 1 —
Black 1.890 0.685–5.214 0.219 — — —
Other 1.340 0.665–2.701 0.414 — — —

Tumor location
Axial 1 —
Extremity 1.020 0.644–1.613 0.934 — — —

Tumor size
�5 cm 1 1
>5–10 cm 0.385 0.165–0.899 0.027 0.510 0.216–1.201 0.123
>10 cm 0.481 0.206–1.121 0.090 0.623 0.266–1.460 0.276
Unknown 0.638 0.267–1.524 0.312 0.716 0.298–1.718 0.455

Regional nodal status
Negative 1 —
Positive 1.035 0.529–2.024 0.920 — — —
Unknown 0.929 0.369–2.338 0.876 — — —

The sites of distant metastases
Lung-only 1 1
Bone-only 2.009 1.272–3.175 0.003 1.926 1.216–3.048 0.005

CI, confidence interval; HR, hazard ratio.
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of death. The underlying reason for this phenomenon is the efficacy
of native tumor suppression pathways in the pediatric immune
system, which can inhibit tumor growth and delay DM [40,41].
Moreover, older ES has a special biological behavior than younger
5

patients, thereby leading to a high tendency to DM by different
host immune system evasion mechanisms [36].

Several limitations should be acknowledged in our study. First,
inherently biased in any retrospective studies. Second, although
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most patients (95.3%) received chemotherapy in this study, the
specific chemotherapeutic agents and intensity of chemotherapy
used in the treatment for this patient subset were not recorded
in the SEER program. Moreover, radiotherapy dose, Radiotherapy
target volume definition, and detailed surgical information were
also missing in the SEER database. Finally, the response to treat-
ment and the treatment after disease progression are also not
available in the SEER program. Despite these shortcomings, the
SEER program can be an unparalleled resource when studying rare
cancers such as ES. Moreover, we included patients diagnosed after
2010, which was more representative of contemporary multidisci-
plinary treatment of ES.

5. Conclusion

In conclusion, lung and bone are the most frequently dis-
tant metastatic sites in patients with primary metastatic ES of
bone. Bone metastasis is an independent risk factor for inferior sur-
vival. The findings from our study would provide additional infor-
mation for follow-up strategies, patient counseling, risk
stratification, and treatment decision-making for this patient
subset.
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