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Objective: The aim of this study was to examine the survival rate of patients with different bone sarcomas and to
investigate homogenous and heterogenous prognostic factors for different types of bone sarcomas.

Methods: This is a retrospective analysis of records from the Surveillance, Epidemiology, and End Result (SEER) data-
base. Clear information on the distant metastasis of cancer is provided in the SEER database for patients diagnosed
between January 2010 and December 2016. Data for the four types of malignant bone sarcomas were extracted,
including osteosarcoma, chondrosarcoma, Ewing sarcoma, and chordoma. Patients with bone sarcomas originated
from other sites, diagnosed at autopsy, or indicated in death certification were excluded. The overall survival was cal-
culated for the entire cohort and across different bone sarcomas using the Kaplan–Meier method. A subgroup analysis
of the different survival rates of four types of bone sarcomas in various levels of each variable was conducted and the
differences were tested with the log-rank test. Cox proportional hazard regression analysis was performed to deter-
mine the prognostic factors. Variables with P < 0.05 in the univariate Cox regression analysis were further analyzed
using a multivariate Cox regression analysis. The prognostic factors in four groups of bone sarcomas were compared
to determine the homogenous and heterogenous factors.

Results: A total of 4732 patients were included with a follow up of 25 (0–83) months. The mean age of patients was
39.7 � 24.1 years. The 1-year, 3-year, and 5-year overall survival rate for the entire cohort was 86.2% (95% confi-
dence interval [CI]: 85.2%–87.2%), 70.5% (95% CI: 68.9%–72.1%), and 63.0% (95% CI: 61.2%–64.8%), respectively.
Factors including age older than 40 years, higher grade, regional and distant stage, tumor in the extremities, T2 stage,
bone and lung metastases, and non-surgery were significantly associated with the poor survival of the entire cohort.
The mean overall survival duration of patients with chordoma, chondrosarcoma, Ewing sarcoma, and osteosarcoma
was 66.86 (95% CI: 64.06–69.66), 63.53 (95% CI: 61.81–65.25), 58.06 (95% CI: 55.49–60.62) and 54.91 (95% CI:
53.14–56.69) months, respectively. Compared with chordoma, the hazard ratio (HR) and 95% CI for patients with
chondrosarcoma, Ewing sarcoma, and osteosarcoma were 1.30 (95% CI: 1.04–1.62; P = 0.023), 1.69 (95% CI:
1.33–2.14; P < 0.001), and 2.00 (95% CI: 1.61–2.48; P <0.001), respectively. Different bone sarcomas showed
homogenous and heterogenous prognostic factors.
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Conclusion: Different clinicopathological characteristics and prognoses were revealed in patients with osteosarcoma,
chondrosarcoma, Ewing sarcoma, and chordoma. The risk factors can potentially guide prognostic prediction and sar-
coma-specific treatment.
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Introduction

Compared with other common cancers, primary malig-
nant bone sarcomas are rare, with a reported incidence

of less than 1%1. Osteosarcoma, chondrosarcoma, Ewing sar-
coma, and chordoma are the most common types of bone
malignancies. Among these bone sarcomas, osteosarcoma is
the most common primary malignancy tumor. It has a
bimodal age distribution, with adolescent and elderly patients
showing dominant peaks2. With a similar incidence to osteo-
sarcoma, chondrosarcoma is the second most common bone
tumor and accounts for one-fifth of bone sarcomas, with a
high incidence in patients aged 30 to 60 years3. Another com-
mon bone tumor is Ewing sarcoma. It typically occurs in chil-
dren, adolescents, and young adults, with a median diagnostic
age of 15 years4. Different from other bone sarcomas, most
chordomas originate from the spine and skull base, with inci-
dence rates from 0.18 to 0.84 per million persons per year5.

As malignant tumors in the musculoskeletal system,
these bone sarcomas have significant influence on patients’
lifespan and quality of life. The survival rates of patients and
the related prognostic factors of these common bone sarco-
mas have been investigated over the past four decades. In a
single institution, the 5-year survival rate of 365 patients with
osteosarcoma was 65% and further analysis showed reduced
survival in patients with poor response to preoperative che-
motherapy and in patients with distant metastasis at the time
of diagnosis of osteosarcoma6. In a retrospective analysis of
127 pediatric patients with Ewing sarcoma, the 5-year survival
rate was 91.1% and no significant factors were identified for
long-term survival7. A retrospective analysis by the National
Cancer Registry in Norway included a total of 311 patients
with chondrosarcoma and the results showed that the subtype,
location, and grade had significant influence on the local
recurrence, metastasis, and disease-specific survival8. Being
female and of older age, and having increased tumor invasion,
non-total resection, recurrence and metastasis, and the
dedifferentiated histological subtype were demonstrated to
independently reduce the survival of patients with chordoma5.
All these studies provided us useful information for patients
with specific bone sarcomas. However, the separate results for
specific bone sarcomas limits their usefulness for medical
decision-makers in the overall management of bone sarcomas.

Comparisons among various bone sarcomas are needed
and have been previously attempted. A Japanese study investi-
gated 3457 patients with osteosarcoma, chondrosarcoma, and
Ewing sarcoma from 2006 to 2013 from a nationwide database
called the Bone and Soft Tissue Tumor Registry. The results
showed higher survival in adolescent and young adult patients

than in elderly patients (≥65 years), regardless of whether the
sarcoma was an osteosarcoma, chondrosarcoma, or Ewing sar-
coma9. A Swiss study found that the 5-year overall survival (OS)
was 74% � 6%, 85% � 7%, and 86% � 5% in patients with
osteosarcoma, Ewing sarcoma, and chondrosarcoma, respec-
tively10. No further comparison to determine related prognostic
factors was undertaken in that study. In Bohman et al., the 5-
year survival rate was 65% in patients with chordoma and 81.8%
in patients with chondrosarcoma in the skull11. Increasing age
and tumor size were independently associated with reduced sur-
vival of chordoma, while older age, earlier decade of diagnosis,
and mesenchymal subtype were significantly associated with
reduced survival in patients with chondrosarcoma11. More bone
malignancies were investigated in patients with non-metastatic
primary spinal osteosarcoma, chordoma, chondrosarcoma, or
Ewing sarcoma, and, using Cox analysis, surgical resection was
confirmed to be correlated with improved survival12.

These studies evaluated patient survival rates and
revealed the predictors for single or couples of bone sarco-
mas in certain sites, such as the spine, the extremities, or
the skull. However, no study has thoroughly investigated
and compared the aforementioned bone sarcomas in one
large population. Further understanding of their homoge-
nous and heterogenous clinicopathological features and
prognostic factors would assist clinicians in managing
these sarcomas and in making better use of limited medi-
cal resources.

The Surveillance, Epidemiology, and End Results
(SEER) database collects cancer incidence data from
population-based cancer registries across the USA. The data-
base covers approximately 34.6% of the US population. The
SEER database provides plentiful records of patients with
bone sarcomas, which can be used to form a large cohort to
investigate and compare these bone sarcomas. Thus, the pre-
sent study collected and analyzed information from the
SEER database with the three following purposes: (i) to eval-
uate the latest survival rates for osteosarcoma, Ewing sar-
coma, chondrosarcoma, and chordoma; (ii) to investigate the
homogenous and heterogenous prognostic factors for specific
bone sarcomas; and (iii) to assist the precise management of
these bone sarcomas based on the above findings.

Materials and Methods

Inclusion and Exclusion Criteria
The inclusion criteria were as follows: (i) patients with malig-
nant bone sarcomas, including osteosarcoma, chondrosarcoma,
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Ewing sarcoma, and chordoma; (ii) patients with clear infor-
mation on the metastatic sites and surgery treatments;
(iii) vital status was recorded and the survival time was pro-
vided; (iv) the related variables to be analyzed were complete;
and (v) the survival time and related prognostic factors were
retrospectively analyzed. The exclusion criteria were as fol-
lows: (i) bone sarcomas originated from other sites; and
(ii) bone sarcomas diagnosed at autopsy or indicated in death
certification.

Data Source and Cohort Selection
All the data were obtained from the SEER program and
organized using the SEER*Stat application (version 8.3.5).
The database, named Incidence-SEER 18 Regs Research Data
+ Hurricane Katrina Impacted Louisiana Cases, Nov 2018
Sub (1975–2016 varying), was released on April 2019. To
obtain enough detailed information about metastases, we col-
lected all patients with malignant bone sarcomas (AYA site
recode/WHO 2008 = 4 Osseous & Chondromatous Neo-
plasms) diagnosed between January 2010 and December
2016.

According to the inclusion criteria, the primary site was
restricted to “bones and joints” (the ICD-O-3 topographical
code: C40.0-C41.9) in the SEER program. A total of 5274
patients who were actively followed up were selected initially.
According to “AYA site recode/WHO 2008” in the SEER pro-
gram, “4.1 Osteosarcoma,” “4.2 Chondrosarcoma,” and “4.3
Ewing tumor,” presented osteosarcomas, chondrosarcomas,
and Ewing sarcomas, respectively, were selected from these
5274 patients. Because chordoma (defined using the Interna-
tional Classification of Diseases for Oncology, third edition
morphological code 9370/3) took up a large proportion of the
section “4.4 Other specified and unspecified bone tumors,”
patients with chordoma were also included in our final
cohort. A flowchart of the subjects’ selection is presented
in Fig. 1.

Outcome Measures

Overall Survival
The primary outcome of the survival analysis was the OS,
which was defined as the time from the diagnosis of bone
sarcomas to death by all causes. For subjects who had been
lost to follow up prior to death, the last follow-up time is
usually calculated as time of death. The OS was used to
reveal the survival condition of patients.

Survival Curve
The survival curve, which is a Kaplan–Meier curve, is the
curve describing the survival condition of patient on time. It
is important in the survival analysis and can be used to com-
pare the survival difference of various cohorts.

Prognostic Factor
Prognostic factors are factors related to the survival of
patients and can be used to predict the prognosis of patients.

They are determined using Cox proportional hazard regres-
sion analysis. They can be used in the prediction of survival
outcome and for clinical management.

Statistical Analysis
The survival time was described as mean � standard
deviation. The other variables included age, gender, mari-
tal status, race, insurance status, grade, location, stage,
metastases, and surgery. They are categorical data and
were presented as the number and the percentage (N, %).
The Pearson χ2-test was used to evaluate the difference
between categorical variables. Survival curves were gener-
ated using the Kaplan–Meier method for entire and dif-
ferent bone sarcomas. Subgroup analysis of OS was
conducted using the log-rank test to determine the signifi-
cance of differences among survival curves of the entire
cohort and four different groups of patients with
chordoma, chondrosarcoma, Ewing sarcoma, and osteosar-
coma. Cox proportional hazard regression analysis was
performed to determine the prognostic factors. Variables
with P < 0.05 in the univariate Cox regression analysis
were further analyzed using a multivariate Cox regression
analysis. The prognostic factors in four groups of bone
sarcomas were compared to determine the homogenous
and heterogenous factors. All statistical analyses were per-
formed using SPSS 22.0 (IBM Corporation, NY, USA)
and all charts on survival were prepared using MedCalc
18.11.3 (MedCalc Software, Ostend, Belgium). Two-sided
P < 0.05 was considered statistically significant.

Fig. 1 Flowchart of the patient selection for analyzing the prognostic

factors of patients with bone sarcomas.
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Results

Characteristics of the Patients
According to the inclusion criteria, a total of 4732 eligible
patients with bone sarcoma were included, with a follow-up
of 25 (0–83) months. Detailed information about the base-
line demographic and clinical characteristics for patients is
shown in Table 1. Significant difference existed in age, gen-
der, race, tumor grade, stage, location, TNM stage, and sur-
gery for patients in the entire cohort. Homogenous and
heterogenous performance was noticed in different types of
bone sarcomas.

The mean age of all patients was 39.7 � 24.1 years.
Approximately 78.5% of patients with chordoma and 76% of
patients with chondrosarcoma were diagnosed after 40 years
of age, while 87.6% of patients with Ewing sarcoma and
71.7% of patients with osteosarcoma were diagnosed before
40 years of age. The distribution of patients with these four
kinds of bone sarcoma presented in Fig. 2 is based on age at
diagnosis. Tumor grade information was not recorded in
many patients, especially those with chordoma (94.9%) and
Ewing sarcoma (79.7%). For sarcomas with clear information
regarding grade, chordoma and chondrosarcoma showed
higher percentages of grade I and II, while a higher propor-
tion of grade III and IV tumors were observed in Ewing sar-
coma and osteosarcoma. The most common primary sites
for chondrosarcoma, Ewing sarcoma, and osteosarcoma were
the trunk and extremities (over 85%), while around 98.5% of
chordoma was located in the region of the head, neck, and
trunk. Among the 4487 (94.8%) cases with SEER historic
stage records, 900 (19.0%) cases were diagnosed as “distant.”
Higher percentages of the distant stage were noticed in
Ewing sarcoma (35.3%) and osteosarcoma (22.7%). There
were 531 (11.2%), 218 (4.6%), 35 (0.7%), and 20 (0.4%)
patients who developed lung, bone, liver, and brain metasta-
ses, respectively. The incidence of metastasis was 17.8%,
28.2%, 6.9%, and 2.4% in osteosarcoma, Ewing sarcoma,
chondrosarcoma, and chordoma, respectively.

Survival and Prognostic Factors for the Total Cohort
By the time of the analysis, a total of 1271 patients had died.
The mean survival of the entire cohort was 59.72 months
(95% confidence interval [CI]: 58.67–60.76). The OS rate at
1, 3, and 5 years for the total cohort was 86.2% (95% CI:
85.2%–87.2%), 70.5% (95% CI: 68.9%–72.1%), and 63.0%
(95% CI: 61.2%–64.8%), respectively (Fig. 3).

In the univariate Cox regression analysis, age, gender,
marital status, race, grade, SEER historic stage, tumor loca-
tion, T stage, N stage, the presence of bone, brain, liver and
lung metastases, and surgical treatment had a statistically sig-
nificant influence on survival. Different bone sarcomas were
proven to be with distinct prognosis (P < 0.001). As
chordoma for reference, the HR and 95% CI for patients
with chondrosarcoma, Ewing sarcoma, and osteosarcoma
were 1.30 (95% CI: 1.04–1.62; P = 0.023), 1.69 (95% CI:

1.33–2.14; P < 0.001), and 2.00 (95% CI: 1.61–2.48;
P < 0.001), respectively.

The multivariate analysis identified the following vari-
ables as independent prognostic factors for bone sarcomas:
age older than 40 years, higher grade, regional and distant
stage, tumor in the extremities, T2 stage, the presence of
bone and lung metastases, and non-surgical treatment. The
type of sarcoma was not an independent prognostic factor in
the multivariate analysis. The aforementioned prognostic fac-
tors are shown in Table 2.

Survival and Prognostic Analysis in Patients with
Chordoma, Chondrosarcoma, Ewing Sarcoma, and
Osteosarcoma
The mean survival of patients with chordoma, chondro-
sarcoma, Ewing sarcoma, and osteosarcoma was 66.86 (95%
CI: 64.06–69.66), 63.53 (95% CI: 61.81–65.25), 58.06 (95% CI:
55.49–60.62), and 54.91 (95% CI: 53.14–56.69) months,
respectively (P < 0.001, Fig. 3).

The subgroup analysis of survival for four types of
bone sarcomas is summarized in Table 3. Significant differ-
ence was found in age, gender, marital status, White race,
insured status, grade IV, SEER stage, tumor location in head
and neck or trunk, T1 stage, N stage, distant metastases, and
surgery. Different bone sarcomas showed homogenous and
heterogenous prognostic factors (Fig. 4). Multivariate Cox
regression analysis confirmed that T2 stage, brain metastasis,
and non-surgery were independent prognostic factors in
patients with chordoma; higher grade, SEER historic stage,
T2 stage, bone metastasis, and non-surgery were indepen-
dent prognostic factors in patients with chondrosarcoma;
older age (>40 years old), T3 stage, and the presence of bone
metastasis were associated with the survival of patients with
Ewing sarcoma; older age, higher grade, SEER historic stage,
tumor location, higher T stage, the presence of bone and
lung metastases and non-surgery were significant prognostic
factors of patients with osteosarcoma. Detailed information
from the univariate and multivariate Cox regression analyses
for prognostic factors in four bone sarcomas are summarized
in Tables S1–S4.

Discussion

In the present study, based on a large population, we per-
formed a thorough investigation of the clinicopathological

characteristics and survival rates of four common bone sarco-
mas. Homogenous and heterogeneous performances were
found among the different bone sarcomas. In our study, the
mean survival rates of patients with chordoma,
chondrosarcoma, Ewing sarcoma, and osteosarcoma were
66.9, 63.5, 58.1, and 54.9 months, respectively. A similar
histology-specific survival trend was reported in a study on
non-metastatic primary osseous spinal neoplasms from 1973
to 200312. For the entire cohort, age older than 40 years,
higher tumor grade, regional and distant stage, tumor in the
truck, T2 stage, bone and lung metastasis, and non-surgery
were confirmed to be the significant factors of survival.
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TABLE 1 Demographic and clinicopathological characteristics of patients in the SEER database with malignant bone sarcomas diagnosed
between January 2010 and December 2016

Subject
characteristics

Total cohort Chordoma Chondrosarcoma Ewing sarcoma Osteosarcoma

N (%) P N (%) P N (%) P N (%) P N (%) P

Age (years)
<18 1284 (27.1) <0.001 22 (4.0) 0.003 49 (3.1) <0.001 440 (55.1) <0.001 773 (42.9) <0.001
18–40 1205 (25.5) 96 (17.5) 331 (20.9) 259 (32.5) 519 (28.8)
>40 2243 (47.4) 432 (78.5) 1202 (76.0) 99 (12.4) 510 (28.3)

Gender
Male 2674 (56.5) 0.002 310 (56.4) 0.529 886 (56.0) 0.002 478 (59.9) 0.993 1000 (55.5) 0.051
Female 2058 (43.5) 240 (43.6) 696 (44.0) 320 (40.1) 802 (44.5)

Marital status
Married 1680 (35.5) 0.120 306 (55.6) 0.361 847 (53.5) 0.737 107 (13.4) <0.001 420 (23.3) <0.001
Unmarried 2834 (59.9) 215 (39.1) 618 (39.1) 671 (84.1) 1330 (73.8)
Unknown 218 (4.6) 29 (5.3) 117 (7.4) 20 (2.5) 52 (2.9)

Race
White 3878 (82.0) 0.003 454 (82.5) 0.603 1368 (86.5) 0.642 700 (87.7) 0.306 1356 (75.2) 0.199
Black 432 (9.1) 22 (4.0) 112 (7.1) 28 (3.5) 270 (15.0)
Others 383 (8.1) 70 (12.7) 87 (5.5) 62 (7.8) 164 (9.1)
Unknown 39 (0.8) 4 (0.7) 15 (0.9) 8 (1.0) 12 (0.7)

Insurance recode
Insured 4425 (93.5) 0.849 518 (94.2) 0.940 1469 (92.9) 0.071 751 (94.1) 0.293 1687 (93.6) 0.258
Uninsured 152 (3.2) 17 (3.1) 51 (3.2) 24 (3.0) 60 (3.3)
Unknown 155 (3.3) 15 (2.7) 62 (3.9) 23 (2.9) 55 (3.1)

Grade
Grade I 538 (11.4) <0.001 14 (2.5) 0.562 458 (29.0) <0.001 0 (0) 0.752 66 (3.7) <0.001
Grade II 670 (14.2) 9 (1.6) 563 (35.6) 3 (0.4) 95 (5.3)
Grade III 664 (14.0) 2 (0.4) 189 (11.9) 42 (5.3) 431 (23.9)
Grade IV 999 (21.1) 3 (0.5) 125 (7.9) 117 (14.7) 754 (41.8)
Unknown 1861 (39.3) 522 (94.9) 247 (15.6) 636 (79.7) 456 (25.3)

Stage
Localized 2008 (42.4) <0.001 268 (48.7) <0.001 875 (55.3) <0.001 233 (29.2) <0.001 632 (35.1) <0.001
Regional 1579 (33.4) 205 (37.3) 461 (29.1) 242 (30.3) 671 (37.2)
Distant 900 (19.0) 45 (8.2) 164 (10.4) 282 (35.3) 409 (22.7)
Unknown 245 (5.2) 32 (5.8) 82 (5.2) 41 (5.1) 90 (5.0)

Location
Head and neck 608 (12.8) <0.001 209 (38) 0.091 159 (10.1) 0.002 53 (6.6) <0.001 187 (10.4) <0.001
Trunk 1628 (34.4) 333 (60.5) 628 (39.7) 380 (47.6) 287 (15.9)
Extremities 2390 (50.5) 3 (0.5) 761 (48.1) 333 (41.7) 1293 (71.8)
Unknown 106 (2.2) 5 (0.9) 34 (2.1) 32 (4.0) 35 (1.9)

T stage
T1 2084 (44.0) <0.001 338 (61.5) <0.001 821 (51.9) <0.001 299 (37.5) <0.001 626 (34.7) <0.001
T2 1692 (35.8) 95 (17.3) 484 (30.6) 283 (35.5) 830 (46.1)
T3 127 (2.7) 8 (1.5) 26 (1.6) 38 (4.8) 55 (3.1)
Unknown 829 (17.5) 109 (19.8) 251 (15.9) 178 (22.3) 291 (16.1)

N stage
N0 4258 (90.0) <0.001 505 (91.8) 0.009 1470 (92.9) <0.001 660 (82.7) <0.001 1623 (90.1) <0.001
N1 129 (2.7) 6 (1.1) 19 (1.2) 58 (7.3) 46 (2.6)
Unknown 345 (7.3) 39 (7.1) 93 (5.9) 80 (10.0) 133 (7.4)

Bone metastases
No 4349 (91.9) <0.001 527 (95.8) 0.002 1505 (95.1) <0.001 654 (82.0) <0.001 1663 (92.3) <0.001
Yes 218 (4.6) 4 (0.7) 28 (1.8) 112 (14.0) 74 (4.1)
Unknown 165 (3.5) 19 (3.5) 49 (3.1) 32 (4.0) 65 (3.6)

Brain metastases
No 4550 (96.2) <0.001 532 (96.7) <0.001 1530 (96.7) <0.001 756 (94.7) 0.030 1732 (96.1) <0.001
Yes 20 (0.4) 1 (0.2) 3 (0.2) 8 (1.0) 8 (0.4)
Unknown 162 (3.4) 17 (3.1) 49 (3.1) 34 (4.3) 62 (3.4)

Liver metastases
No 4536 (95.9) <0.001 530 (96.4) <0.001 1521 (96.1) <0.001 754 (94.5) <0.001 1731 (96.1) <0.001
Yes 35 (0.7) 3 (0.5) 12 (0.8) 9 (1.1) 11 (0.6)
Unknown 161 (3.4) 17 (3.1) 49 (3.1) 35 (4.4) 60 (3.3)

Lung metastases
No 4040 (85.4) <0.001 527 (95.8) 0.001 1443 (91.2) <0.001 612 (76.7) <0.001 1458 (80.9) <0.001
Yes 531 (11.2) 5 (0.9) 88 (5.6) 154 (19.3) 284 (15.8)
Unknown 161 (3.4) 18 (3.3) 51 (3.2) 32 (4.0) 60 (3.3)
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Sarcoma-specific factors were also identified for each bone
sarcoma.

Homogenous Factors for Different Bone Sarcomas and
Clinical Applications
The homogenous prognostic factors for the four bone sarco-
mas included metastasis, higher T stage, and non-surgery.
The metastasis in patients with bone sarcomas was reported
with an approximate incidence of 17.8% for chordoma13,
15% for chondrosarcoma8, 30% for Ewing sarcoma in
patients younger than 40 years, and 15% in osteosarcoma6,
14. In the present study, the incidence of metastasis was
2.4%, 8.3%, 35.5%, and 18.1% for patients with chordoma,
chondrosarcoma, Ewing sarcoma, and osteosarcoma, respec-
tively. The inconsistency between different studies may be
caused by different regions and special samples of patients.
Previous studies have shown that the presence of metastasis
is associated with significantly decreased survival15, 16. In the
present study, metastasis was also confirmed as an indepen-
dent factor of the reduced survival. Some studies have con-
firmed that the timing of occurrence of metastasis is an
important factor of survival, and that the worst survival rate

is found in patients with metastasis during chemotherapy17,
18. Thus, timely and routine radiographic tests should be per-
formed for patients with high risk to identify possible
metastasis.

As to different bone sarcomas, in our study, metastasis
to bone was found to be the homogenous predictive factor
for chondrosarcoma, Ewing sarcoma, and osteosarcoma.
Bone metastasis and its possible effect have been previously
studied. Metastasis to bone was reported to lead to the worse
prognosis in patients with chordoma13. Poor prognosis was
reported in osteosarcoma patients with bone metastasis19. To
our knowledge, this was the first time that the effect of bone
metastasis on the survival of patients with different bone sar-
comas has been thoroughly investigated in a large popula-
tion. Furthermore, lung metastasis was a significant
prognostic factor for osteosarcoma, while brain metastasis
was a significant prognostic factor for chordoma. Lung
metastasis and its negative influence on survival in osteosar-
coma have been confirmed in many studies17, 20, 21, 15, 18, 19.
Brain metastasis is rare and requires more attention in
patients with chordoma.

Timely diagnosis of bone sarcoma can limit the tumor
in the lower T stage and confine the extent of invasion,
which can improve the possibility of radical resection12. In
the present study, non-surgery on the primary lesion signifi-
cantly reduced the survival rate in chordoma,
chondrosarcoma, and osteosarcoma but not Ewing sarcoma.
However, in another study including non-metastatic primary
osseous spinal neoplasms (chordoma, chondrosarcoma,
Ewing sarcoma, and osteosarcoma), surgical re-
section significantly improved the OS rate12. The inconsis-
tent influence of surgery on Ewing sarcoma might be caused
by the high incidence of metastasis (28.2%) in the present
study.

Heterogenous Factors for Different Bone Sarcomas and
Clinical Applications
Older age was also found to be a significant prognostic factor
in osteosarcoma and Ewing sarcoma. A previous study on
primary osteosarcoma found more involvement in axial bone
and poor response to chemotherapy in older patients22,
which were considered the reason for worse survival rates in

TABLE 1 Continued

Subject
characteristics

Total cohort Chordoma Chondrosarcoma Ewing sarcoma Osteosarcoma

N (%) P N (%) P N (%) P N (%) P N (%) P

Surgery
Surgery 3674 (77.6) <0.001 418 (76.0) <0.001 1351 (85.4) <0.001 433 (54.3) <0.001 1472 (81.7) <0.001
No surgery 1027 (21.7) 128 (23.3) 224 (14.2) 359 (45.0) 316 (17.5)
Unknown 31 (0.7) 4 (0.7) 7 (0.4) 6 (0.8) 14 (0.8)

SEER, Surveillance, Epidemiology, and End Results program.

Fig. 2 The distribution of patients with various kinds of bone sarcoma

according to the age of diagnosis.
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TABLE 2 Univariate and multivariate Cox regression analysis of prognostic factors for patients in the SEER database with bone sarcomas
from January 2010 to December 2016

Variable

Univariate analysis Multivariate analysis

HR 95% CI P-value HR 95% CI P-value

Age (years)
<18 1.00 Reference 1.00 Reference
18–40 1.14 0.96–1.35 0.148 1.75 1.33–2.31 <0.001
>40 1.87 1.62–2.15 <0.001 5.02 3.78–6.68 <0.001

Gender
Female 1.00 Reference 1.00 Reference
Male 1.19 1.06–1.33 0.003 1.18 0.99–1.4 0.062

Marital status
Married 1.00 Reference 1.00 Reference
Unmarried 0.89 0.79–1.00 0.041 1.22 0.99–1.49 0.058

Race
White 1.00 Reference 1.00 Reference
Black 1.30 1.09–1.55 0.004 1.14 0.88–1.48 0.316
Others 0.98 0.80–1.22 0.878 0.83 0.59–1.16 0.280

Insurance recode
Insured 1.00 Reference —

Uninsured 1.05 0.76–1.44 0.769 — — —

Sarcoma type
Chordoma 1.00 Reference 1.00 Reference
Chondrosarcoma 1.30 1.04–1.62 0.023 1.55 0.49–4.89 0.455
Ewing sarcoma 1.69 1.33–2.14 <0.001 0.97 0.29–3.25 0.954
Osteosarcoma 2.00 1.61–2.48 <0.001 1.89 0.59–6.06 0.282

Grade
Grade I 1.00 Reference 1.00 Reference
Grade II 2.20 1.56–3.12 <0.001 1.87 1.22–2.85 0.004
Grade III 5.78 4.19–8.00 <0.001 5.40 3.58–8.13 <0.001
Grade IV 5.83 4.26–7.98 <0.001 6.02 3.96–9.17 <0.001

Stage
Localized 1.00 Reference 1.00 Reference
Regional 1.76 1.52–2.05 <0.001 1.55 1.24–1.93 <0.001
Distant 5.42 4.69–6.27 <0.001 2.94 2.09–4.13 <0.001

Location
Head and neck 1.00 Reference 1.00 Reference
Trunk 1.66 1.37–2.02 <0.001 0.94 0.67–1.31 0.700
Extremities 1.18 0.98–1.44 0.089 1.24 1.02–1.53 0.035

T stage
T1 1.00 Reference 1.00 Reference
T2 2.08 1.82–2.38 <0.001 1.28 1.06–1.55 0.012
T3 3.48 2.62–4.62 <0.001 1.30 0.84–2.01 0.244

N stage
N0 1.00 Reference 1.00 Reference
N1 2.41 1.84–3.16 <0.001 1.16 0.75–1.78 0.511

Bone metastases
No 1.00 Reference 1.00 Reference
Yes 3.77 3.14–4.53 <0.001 1.72 1.19–2.48 0.004

Brain metastases
No 1.00 Reference 1.00 Reference
Yes 5.67 3.35–9.61 <0.001 1.33 0.47–3.72 0.593

Liver metastases
No 1.00 Reference 1.00 Reference
Yes 7.04 4.83–10.25 <0.001 2.02 0.78–5.25 0.151

Lung metastases
No 1.00 Reference 1.00 Reference
Yes 4.01 3.52–4.57 <0.001 1.47 1.07–2.03 0.019

Surgery
Surgery 1.00 Reference 1.00 Reference
No surgery 3.62 3.23–4.06 <0.001 2.37 1.87–3.00 <0.001

CI, confidence interval; HR, hazard ratio; SEER, Surveillance, Epidemiology, and End Results program.
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older patients. As to Ewing sarcoma, one study found more
axial tumors and metastatic disease at diagnosis in patients
older than 40 years23. The 5-year survival rate of these
patients was only 40.6%, compared with 54.3% for patients
younger than 40 years23. As to chondrosarcoma and
chordoma, no correlation was found with older age. A previ-
ous study found that age older than 50 years was a significant
factor leading to the reduced survival rate in patients with
chondrosarcoma and chordoma11. One study found more
metastatic disease in young patients with chordoma13. In the
present study, patients with chondrosarcoma and chordoma
were commonly diagnosed at an older age. The relatively
smaller proportion of metastasis in older patients with
chondrosarcoma and chordoma might balance the effect of
older age on survival.

Higher grade was found to be a independent factor for
the survival of patients with osteosarcoma and
chondrosarcoma. Most osteosarcomas are high grade andFig. 3 The overall survival of the entire cohort and the patients with

chordoma, chondrosarcoma, Ewing sarcoma and osteosarcoma.

TABLE 3 Log-rank test of the overall survival of patients in the SEER database with four types of malignant bone sarcomas diagnosed
between January 2010 and December 2016

Subject characteristics

Log-rank test

χ2 P-value

Age (years)
<18 10.423 0.015
18–40 89.278 <0.001
>40 202.313 <0.001

Gender
Male 36.825 <0.001
Female 36.124 <0.001

Marital status
Married 107.625 <0.001
Unmarried 10.781 0.013
Unknown 16.093 0.001
Race
White 51.734 <0.001
Black 7.137 0.068
Others 6.364 0.095
Unknown 2.998 0.392

Insurance recode
Insured 62.787 <0.001
Uninsured 3.073 0.381
Unknown 10.172 0.017

Grade
Grade I 0.820 0.664
Grade II 2.787 0.426
Grade III 1.753 0.625
Grade IV 69.810 <0.001
Unknown 40.452 <0.001

Stage
Localized 11.351 0.010
Regional 12.405 0.006
Distant 53.370 <0.001
Unknown 5.800 0.122

Location
Head and neck 38.553 <0.001
Trunk 190.682 <0.001
Extremities 4.495 0.213
Unknown 8.556 0.036
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need multi-principle treatments24. Accordingly, high-grade
osteosarcoma has been investigated in many studies. In a
study analyzing 247 pediatric chondrosarcoma patients,

higher tumor grade was found to be independently related to
reduced survival25. Similar results were shown in patients with
conventional chondrosarcoma26 and poorly differentiated
chordoma27. As to chordoma and Ewing sarcoma in the pre-
sent study, patients without complete records comprised
94.9% and 79.7% of patients, respectively, resulting in the
uncertain conclusion about the effect of high grade on sur-
vival in these bone sarcomas.

Although radical surgery is the foundational treatment
for bone sarcoma, a multidisciplinary approach is required
before and after radical and non-radical surgery to improve
survival. Under the methotrexate, doxorubicin, and cisplatin
(MAP) regimen, modern chemotherapy has achieved a
3-year event-free survival rate of 76% in osteosarcoma
patients with good histologic response28. Previous studies
confirmed that poor histologic response to chemotherapy
was associated with reduced survival29, 30. Radiation therapy
was also evaluated and no improved survival after the addi-
tion of radiation was found in patients with chordomas and
chondrosarcomas in skull11. Another study of pediatric
Ewing sarcoma did find significant difference in survival
rates for radiation or chemotherapy treatment7. The absence
in the SEER database of important information on

TABLE 3 Continued

Subject characteristics

Log-rank test

χ2 P-value

T stage
T1 36.512 <0.001
T2 5.211 0.157
T3 2.895 0.408
Unknown 31.982 <0.001

N stage
N0 55.241 <0.001
N1 14.394 0.002
Unknown 9.465 0.024

Bone metastases
No 54.132 <0.001
Yes 26.367 <0.001
Unknown 7.377 0.061

Brain metastases
No 65.411 <0.001
Yes 11.910 0.008
Unknown 4.803 0.187

Liver metastases
No 66.709 <0.001
Yes 6.975 0.073
Unknown 4.004 0.261

Lung metastases
No 35.504 <0.001
Yes 62.338 <0.001
Unknown 2.876 0.411

Surgery
Surgery 50.135 <0.001
No surgery 88.929 <0.001
Unknown 1.276 0.735

SEER, Surveillance, Epidemiology, and End Results program.

Fig. 4 Venn diagram for the homogenous and heterogenous prognostic

factors for different bone sarcomas.
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radiotherapy and chemotherapy was one of the limitations of
our study. The influence of these treatments on survival
should be further evaluated in future research.

Limitations
Several limitations should be stated. In the present study, we
conducted a thorough investigation of the survival and prog-
nostic factors of four common bone sarcomas. Other less
common types of bone sarcomas were not investigated in this
study. The interpretation of results should be based on this
background. Although we included a large sample of bone
sarcomas with metastasis, some patients at distant stage had
no clear records of the metastatic site, resulting in bias in the
analysis about the effect of metastases. The small number of
patients with brain and liver metastasis made the analysis on
survival difficult. Various pathological types can be found in
each bone sarcoma and we did not evaluate the effect on sur-
vival performance among different pathological types.
Corresponding investigations should be conducted in future
to draw clear conclusions.

Conclusion
The best survival was found in patients with chordoma,
followed by chondrosarcoma, Ewing sarcoma, and

osteosarcoma. Different bone sarcomas showed homogenous
and heterogenous prognostic factors, which can be used to
assist sarcoma-specific management.
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