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Abstract
Chest wall chondrosarcoma is a raremalignant tumor of the bone. This study is aimed to identify the prognostic determinants of chest
wall chondrosarcoma. We used the Surveillance, Epidemiology, and End Results (SEER) database to identify patients with chest wall
chondrosarcoma from 1973 to 2015. Statistical analyses were performed using Kaplan–Meier method and Cox regression
proportional hazards. A total of 779 patients were identified from the SEER database. The overall survival (OS) and cancer-specific
survival (CSS) rates of the entire group at 10 years were 66.2% and 77.2%, respectively. On multivariate Cox regression, age �40
years, localized tumor stage, low tumor grade, surgery, and no radiotherapy were significantly associated with improved both OS and
CSS. This study may help clinicians to predict survival of patients with chest wall chondrosarcoma and to provide appropriate
treatment recommendations.

Abbreviations: CI = confidence interval, CSS = cancer-specific survival, HR = hazard ratio, OS = overall survival, SEER =
Surveillance, Epidemiology, and End Results.
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1. Introduction

Chondrosarcoma is the second most frequent primary bone
sarcoma, characterized by neoplastic chondrogenesis.[1] It is the
most frequentlyoccurringmalignantbone tumor inadults.[2]Chest
wall chondrosarcoma is a rare malignant tumor of the bone.[3]

Although some previous studies reported the prognosis of this
population, they were small population-based studies.[4,5] As
chondrosarcomas are relatively unresponsive to radiotherapy and
chemotherapy, surgery remains themainstream treatment.[1] Some
studies have reported that radiotherapy can provide chondrosar-
coma patients with excellent local control and symptom relief,
indicating its survival advantage in chondrosarcoma.[6–9] Howev-
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er, the role of radiotherapy in the prognosis of patients with chest
wall chondrosarcoma has not been explored.
To obtain insight into chest wall chondrosarcoma, we carefully

selected and analyzed all patients from 1973 to 2015, based on
the Surveillance, Epidemiology, and End Results (SEER)
database. This large-scale study firstly used the multivariable
Cox regression model to evaluate the prognostic factors for
patients with chest wall chondrosarcoma.
2. Materials and methods

2.1. Patient selection

Patient data from 1973 to 2015 were obtained using the case-
listing procedure from the SEER database. The SEER data are
publicly available as the database contains no personal
identification information. Thus, ethical approval was not
necessary. First, we selected patients with a diagnosis of
chondrosarcoma of bone (International Classification of
Disease Oncology code: 9220(chondrosarcoma, not otherwise
specified), 9221(juxtacortical chondrosarcoma), 9231(myxoid
chondrosarcoma), 9240(mesenchymal chondrosarcoma), 9242
(clear cell chondrosarcoma), 9243(dedifferentiated chondro-
sarcoma), and primary site code: C40.0–40.3, C40.8–41.4, and
C41.8–41.9), using the case-listing process. Primary site was
defined as chest wall and included rib, sternum, clavicle, and
associated joints ribs. Only patients of chest wall chondro-
sarcoma were enrolled. All patient diagnoses were confirmed
histologically, based either on biopsy results or the surgical
specimen. Eight patients diagnosed only on the basis of the
clinical presentation, or according to the radiography, or
unknown were excluded. Fifteen patients with unknown
therapy were excluded. One patient with unknown survival
were also excluded. Figure 1 shows in detail the patient selection
criteria. Demographic and clinical variables were extracted
from the SEER database, including age, gender, tumor stage,
tumor grade, tumor size, surgical treatment, radiation treat-
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Figure 1. The flow chart for selection of study population. SEER=Surveillance, Epidemiology, and End Results, ICD-O-3= International Classification of Diseases
for Oncology, 3rd edition.
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ment, cause of death, and survival time. Surgery or radiation
treatment for tumors in our study refers to treatment for local
primary tumors. Tumor size was categorized as <5cm, 5 to 10
cm, >10cm or unknown. In addition, age at diagnosis was
categorized as �40 and >40.

2.2. Statistical analyses

The statistical analyses were performed using Microsoft Excel
2017 (Microsoft Corp., Redmond, WA, USA) and SPSS software
(ver. 22.0; SPSS Inc., Chicago, IL, USA). Overall survival (OS)
was defined as the time from the date of diagnosis to death from
any cause. Cancer-specific survival (CSS) was regarded as the
time from the date of diagnosis to the date of cancer-specific
death. Univariate analyses were performed using the Kaplan–
Meier estimates and the log-rank test. Cox proportional hazard
regression model was performed to determine the independent
predictors of OS and CSS. The hazard ratio (HR) and
corresponding 95% confidence interval (CI) were used to show
the effect of all known prognostic factors. P< .05 was considered
statistically significant.

3. Results

3.1. Clinical characteristics of patients

A total of 779 patients diagnosed with chest wall chondrosar-
coma were eligible for our study. Demographically, 325 patients
(41.7%) were female and 454 patients (58.3%) were male. The
median age at presentation was 55 years, and most patients
(78.3%) were aged over 40. Histologically, 74.5% of cases
2

showed low-grade, and 11.7% showed high-grade. Among those
patients, 665 of them (85.3%) had non-metastatic disease, while
79 patients (10.1%) developed metastasis at presentation. Tumor
size >10cm were more frequent in patients. Regarding the
treatment, 91.4% of patients underwent surgical treatment and
13.9% of patients received radiotherapy. Ultimately, 294
patients (37.7%) died, of whom 121 died of this cancer. The
OS and CSS rates of the entire group at 5 years were 76.8% and
83.6%, respectively. The 10-year OS and CSS rates of the entire
group were 66.2% and 77.2%, respectively (Table 1).
3.2. Predictive factors of OS and CSS

Prognostic factors for the OS and CSS are shown in Tables 2 and
3, respectively. On univariate analysis of all patients, young age
(�40 years), no metastasis, low grade, small tumor size (�10cm),
and surgical resection were significantly associated with better
outcomes. Patients who received radiotherapy experienced
significantly worse OS and CSS than those who did not
(Fig. 2). Additionally, univariate analysis revealed that gender
was significantly associated with CSS but not OS. On the
multivariate analysis, age at presentation, tumor grade, tumor
stage, surgery, and radiotherapy were identified as independent
predictive factors of both OS and CSS, while gender lost
significance for CSS.

4. Discussion

Chondrosarcoma is the most common primary malignant chest
wall tumors.[4,10] Compared with other sarcomas in the chest



Table 1

Clinical characteristics of 779 patients with chest wall chondro-
sarcoma.

Variable Value

Mean age(years) 56
Median age(years) 55
Age(years)
�40 169 (21.7%)
>40 610 (78.3%)

Gender
Female 325 (41.7%)
Male 454 (58.3%)

Stage
Localized 336 (43.1%)
Regional 329 (42.2%)
Distant 79 (10.1%)
Unstaged 35 (4.5%)

Tumor Grade
∗

Low 580 (74.5%)
High 91 (11.7%)
unknown 108 (13.9%)

Tumor size (cm)
<5 cm 216 (27.7%)
5–10 cm 296 (38.0%)
>10 cm 98 (12.6%)
unknown 169 (21.7%)

Surgery
Yes 712 (91.4%)
No 67 (8.6%)

Radiation therapy
Yes 108 (13.9%)
No 671 (86.1%)

Dead
Yes 294 (37.7%)
No 485 (62.3%)

5-year OS rate 76.8%
5-year CSS rate 83.6%
10-year OS rate 66.2%
10-year CSS rate 77.2%
∗
Low: Grade I (well differentiated) and Grade II (moderately differentiated); High: Grade III (poorly

differentiated) and Grade IV (undifferentiated anaplastic).
CSS= cancer-specific survival, OS= overall survival.
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wall, chondrosarcoma had a better survival.[11] Although chest
wall chondrosarcoma is a rare malignancy, it has the potential
for metastasis. Burt et al[3] reported that chest wall chondro-
sarcoma had the potential for distant metastasis and poor
outcomes. Moreover, its clinical characteristics and appropri-
ate treatments are not fully known. Previous studies have
reported on the risk factors of recurrence or metastasis of chest
wall chondrosarcoma.[5,12,13] Although some researchers
retrospectively analyzed the prognostic factors of those
patients, these studies were small heterogeneous cohorts.[4,5]

To our knowledge, this study is the first to explore possible
predictors of survival of such patients using the SEER database.
Additionally, this study firstly reported the role of radiotherapy
in survival in those patients.
In our series, there were 454 (58.3%) males and 325(41.7%)

females with a mean age of 56 years that is similar to that
reported by other researchers.[4,5,12,14] Our study revealed that
79 (10.1%) patients experienced metastasis at diagnosis.
However, Widhe et al[12] found that none of the patients with
3

chest wall chondrosarcoma had metastasis at diagnosis.
Meanwhile, they found 21 of the 106 patients (19.8%) developed
metastasis during follow-up. McAfee et al[4] also reported that
metastatic disease was diagnosed in 14 of 71 patients (19.7%)
with chest wall chondrosarcoma after operation. Maybe those
developing metastasis had micrometastasis before treatment. The
10-year OS rate for the 72 patients with chest wall chondro-
sarcoma treated at the Mayo Clinic from 1982 to 1909 was
53.4%.[4] The 10-year OS rate for the 106 patients with chest
wall chondrosarcoma diagnosed in Sweden from 1980 to 2002
was 64%.[12] Similarly, the 10-year OS rate for our cohort was
66.2%. Among our series, the 5-year OS rate was 76.8%
compared to 64% to 92% in the previous studies.[3,13,15]

Therefore, the prognosis of patients with chest wall chondro-
sarcoma was more favorable than that of patients with other
malignant chest wall tumors.[3,16]

On both univariate and multivariate analyses, age >40 years
was significantly associated with worse OS and CSS. Marulli
et al[5] revealed that age �55 years was an independent
predictor of better survival for chest wall chondrosarcoma.
However, McAfee et al[4] found that age did not have a
significant effect on survival for chest wall chondrosarcoma.
Although univariate survival analysis revealed male was
associated with poorer outcomes, gender was not an indepen-
dent predictor of either OS or CSS, which was similar to the
result reported by Marulli et al.[5] Tumor grade, stage, and size
are important prognostic variables of chondrosarcoma.[17–19]

This study also revealed that these 3 variables were indepen-
dently associated with OS and CSS. McAfee and Marulli also
found that tumor size and tumor grade had significant effects on
survival for chest wall chondrosarcoma. However, they did not
explore the effect of tumor staging on the prognosis of patients.
Patients with metastasis usually experience a poorer outcome
than those with localized disease. And there is no standard
treatment procedure for these patients.
Chondrosarcoma is 1 primary malignant bone tumor

without an effective chemotherapy. Moreover, chondrosar-
coma showed radiotherapy insensitivity. Thus, surgery is
crucial for the outcome in chondrosarcoma including chest
wall chondrosarcoma.[12,20,21] Our study also suggested that
surgery can offer a favorable outcome for patients with chest
wall chondrosarcoma. Some studies have reported that
radiotherapy can provide chondrosarcoma patients with
excellent local control and symptom relief, suggesting its
potential benefits on survival of chondrosarcoma. Contrary to
our hypothesis, patients who received radiotherapy had
significantly inferior OS and CSS compared with those who
did not. Abdel Rahman et al[10] reviewed 98 patients with
malignant chest wall tumors and reported that absence of
adjuvant radiotherapy or chemotherapy was a univariate
predictor rather than an independent predictor associated with
better disease-free survival.Multi-center prospective studies are
needed to confirm the role of radiotherapy in chest wall
chondrosarcoma in the future. To improve the prognosis of the
chest wall chondrosarcoma, elaborative staging, accurate
grading, and proper treatment are of great importance.
This study has several limitations. First, data about local

recurrence or distant metastasis during follow-up are not
provided in the SEER database. Second, the roles of surgical
procedure and chemotherapy, were not explored because those
data are also not available in this database. Third, the specific
location of chondrosarcoma such as the sternum or the rib is not
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Table 2

Univariate and multivariate analysis for OS for 779 patients with chest wall chondrosarcoma.

Univariate analysis Multivariate analysis

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

Age (years)
�40 Reference Reference
>40 4.764 (3.155–7.193) .000 3.913 (2.574–5.948) .000

Gender
Female Reference .081 — —

Male 1.235 (0.974–1.564) — —

Stage
Localized Reference Reference
Regional 1,731 (1.325–2.263) .000 1.547 (1.172–2.041) .002
Distant 4.464 (3.175–6.277) .000 2.525 (1.750–3.644) .000
Unstaged 1.869 (1.127–3.099) .015 0.967 (0.560–1.672) .905

Tumor Grade
∗

Low Reference Reference
High 2.203 (1.567–3.099) .000 1.598 (1.124–2.272) .009
unknown 1.800 (1.355–2.389) .000 1.364 (1.010–1.844) .043

Tumor size (cm)
<5 cm Reference Reference
5–10 cm 1.488 (1.049–2.110) .026 1.143 (0.799–1.637) .464
>10 cm 2.860 (1.909–4.287) .000 1.822 (1.190–2.789) .006
unknown 1.862 (1.305–2.657) .001 1.406 (0.967–2.044) .075

Surgery
Yes Reference Reference
No 4.514 (3.354–6.076) .000 3.321 (2.386–4.621) .000

Radiation therapy
Yes Reference Reference
No 0.387 (0.291–0.513) .000 0.580 (0.431–0.780) .000

∗
Low: Grade I (well differentiated) and Grade II (moderately differentiated); High: Grade III (poorly differentiated) and Grade IV (undifferentiated anaplastic).

OS= overall survival.

Table 3

Univariate and multivariate analysis for CSS for 779 patients with chest wall chondrosarcoma.

Variable

Univariate analysis Multivariate analysis

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

Age (years)
�40 Reference Reference
>40 2.980 (1.773–5.008) .000 2.123 (1.240–3.638) .006

Gender
Female Reference .025 Reference .074
Male 1.544 (1.055–2.261) 1.432 (0.966–2.124)

Stage
Localized Reference Reference
Regional 3.322 (1.999–5.519) .000 2.404 (1.427–4.050) .001
Distant 11.113 (6.381–19.356) .000 3.594 (1.950–6.624) .000
Unstaged 3.969 (1.745–9.028) .001 0.634 (0.242–1.662) .354

Tumor Grade
∗

Low Reference Reference
High 3.096 (1.920–4.992) .000 2.455 (1.495–4.031) .000
unknown 2.983 (1.932–4.605) .000 2.633 (1.654–4.191) .000

Tumor size (cm)
<5cm Reference Reference
5–10 cm 3.527 (1.724–7.215) .001 2.113 (1.013–4.409) .046
>10 cm 8.921 (4.221–18.853) .000 3.982 (1.812–8.747) .001
unknown 5.683 (2.728–11.840) .000 4.206 (1.962–9.018) .000

Surgery
Yes Reference Reference
No 8.215 (5.363–12.583) .000 4.849 (2.927–8.032) .000

Radiation therapy
Yes Reference Reference
No 0.302 (0.203–0.449) .000 0.435 (0.285–0.665) .000

∗
Low: Grade I (well differentiated) and Grade II (moderately differentiated); High: Grade III (poorly differentiated) and Grade IV (undifferentiated anaplastic).

CSS=cancer-specific survival.
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Figure 2. Kaplan–Meier method estimated OS (A) and CSS (B) in patients with chest wall chondrosarcoma stratified by radiation treatment.
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known, which may be a risk factor. Additionally, the role of
histological type was not explored because most of the cases
(709/779, 91.0%) were 9220(chondrosarcoma, not otherwise
specified), which might be a risk factor.
5. Conclusion

This study included the largest number of patients with chest wall
chondrosarcoma. The OS and CSS rates of the entire group at 10
years were 66.2% and 77.2%, respectively. Independent
predictors of both OS and CSS were age at diagnosis, tumor
stage, tumor grade, surgery, and radiotherapy. Our study is
helpful for clinicians to better understand the characteristics and
prognosis of chest wall chondrosarcoma and to provide
suggestions for treatment.
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