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Abstract

Introduction

Chondrosarcoma, although relatively uncommon, represents a significant percentage of pri-

mary osseous tumors. Nonetheless, there are few large-cohort, longitudinal studies of long-

term survival and treatment outcomes of chondrosarcoma patients and none using the

National Cancer Database (NCDB).

Methods

Chondrosarcoma patients were identified from the 2004–2015 NCDB datasets and divided

on three primary tumor sites: appendicular, axial, and other. Demographic, treatment, and

long-term survival data were determined for each group. Multivariate Cox analysis and

Kaplan-Meier survival curves were generated to assess long-term survival over time for

each.

Results

In total, 5,329 chondrosarcoma patients were identified, of which 2,686 were appendicular

and 1,616 were axial. Survival was higher among the appendicular cohort than axial at 1-

year, 5-year, and 10-year (89.52%, 75.76%, and 65.24%, respectively). Multivariate Cox

analysis identified patients in the appendicular cohort to have significantly greater likelihood

of death with increasing age category, distant metastases at presentation, and male sex

(p<0.001 for each). Best outcomes for seen for those undergoing surgical treatment

(p<0.001). Patients in the axial cohort were with increased likelihood of death with increas-

ing age category and distant metastases (p<0.001), while surgical treatment with or without

radiation were associated with a significant decrease (p<0.001). Kaplan-Meier survival anal-

ysis showed worst survival for the axial cohort (p<0.001) and patients with distant metasta-

ses at presentation (p<0.001). Survival was not significantly different between older (2004–

2007) and more recent years (2012–2016) (p = 0.742).
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Conclusions

For both appendicular and axial chondrosarcomas, surgical treatment remains the mainstay

of treatment due to its continued superiority for the long-term survival of patients, although

advancements in survival over the last decade have been insignificant. Presence of distant

metastases and axial involvement are significant, poor prognostic factors perhaps because

of difficulty in surgical excision or extent of disease.

Introduction

Chondrosarcomas represent a heterogenous group of malignant bone tumors characterized by

the formation of hyaline cartilaginous neoplastic tissue [1]. Following osteosarcoma, chondro-

sarcoma is the second-most common primary solid tumor of bone with 3 new cases per 106

population per year [2]. Chondrosarcomas primarily affect adults, with the incidence rising

with increasing patient age [3]. The most common anatomical location of origin is pelvis, fol-

lowed by the proximal femur, proximal humerus, distal femur and ribs [4]. The clinical pre-

sentation for patients with chondrosarcoma include pain (especially at night), pathologic

fracture, or an incidental finding [5], with the lungs representing the most common site of

metastasis. In general, up to 26% of patients developed distant metastasis [6, 7].

The survival rate of patients with chondrosarcoma is higher than that of osteosarcoma and

Ewing sarcoma patients, with 5-year survival rates between 72–75% and 10-year survival rates

of 69% [6, 8, 9]. The gold standard treatment for chondrosarcomas has become wide surgical

excision–which has largely remained unchanged in recent decades. However, for Grade I

chondrosarcomas, prior studies have shown no difference in overall survival of patients treated

with wide excision versus those treated with intra-lesional curettage [10]. For more aggressive

subtypes, surgical resection with wide margins has been associated with a longer duration of

survival in comparison to marginal or intralesional resections [11]. This may be because chon-

drosarcomas are resistant to both chemotherapy and radiotherapy due to the extracellular

matrix, low percentage of dividing cells, and poor vascularity [12].

Outcomes for patients with chondrosarcoma depend on grade, stage, and surgical margins

with higher grade showing decreased patient survival [2, 13]. Despite advances and many dif-

ferent efforts to try to refine treatment options, the survival rates have largely remained the

same in recent decades. Prior studies have been single institution studies or used the SEER

(Surveillance, Epidemiology and End Results) database and mainly investigated median sur-

vival and variables associated with poor prognosis [14, 15]. To-date there is only one

large study of chondrosarcoma analyzing 2,890 cases of chondrosarcoma from the SEER data-

base [16], however, the study looked at cases originating 50 years ago from 1973 to 2003. At

this time, no study has analyzed chondrosarcomas within The National Cancer Database

(NCDB).

NCDB, created by the American College of Surgeons and American Cancer Society, is a

multi-institutional dataset of over 30 million patient variables containing the demographic

and outcome variables of over 70% of new cancer diagnoses in the United States [17, 18].

With the advent of many new medical and surgical oncologic treatments, the current study

seeks to use newer data from the large, robust NCDB database to: (1) refresh the current litera-

ture, (2) understand the recent incidence of chondrosarcoma and (3) evaluate the demo-

graphic, lesion, and treatment variables associated with improved outcomes in patients with

chondrosarcoma.
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Materials and methods

Data source and study population

The NCDB was utilized to conduct a retrospective database cohort study of all patients diag-

nosed with chondrosarcoma from 2004–2015. A joint initiative by the American College of

surgeons and the American Cancer Society, the NCDB tracks treatments and outcomes of

patients with malignant neoplastic diseases to improve the quality of care for cancer patients.

The database contains hospital registry data from more than 1,500 Commission on Cancer

(CoC)-accredited facilities, representing more than 70% of newly diagnosed cancer cases

nationwide [17, 19].

Chondrosarcoma diagnosis was based on the International Classification of Diseases for

Oncology, 3rd edition (ICD-O-3) using the histology codes 9220, 9221, 9243, 9240, and 9242.

Patients were then separated into three different groups based on location of primary tumor:

appendicular (C40.0, C40.1, C40.2, C40.3, and C40.9), axial including pelvis (ICD-O-3 codes

C41.0, C41.1, C41.2, and C41.4), and other location (C40.8, C41.3, C41.8, and C41.9) (e.g.

head, neck, or mandible). In order to be compliant with NCDB use guidelines, we combined

anatomical sites into these 3 categories to allow for robust analysis, and the avoidance of small

samples which is a required protocol when working with NCDB data.

Patients were excluded from analysis if treatment location of the patient was different that

the reporting facility (Class of Case = 00), or if data about presence of metastasis at time of

diagnosis was missing.

Population characteristics

Demographics including age, sex, Charles-Deyo score, and metastasis at presentation were

identified from the database and divided into three groups based on the year of diagnosis:

2004–2007, 2008–2011, and 2012–2015.

Treatment data for surgery, radiation, chemotherapy, and combination treatments were

also extracted from the database. Finally, survival for each primary site cohort was calculated

for one-, five-, and ten-years.

Comparison of populations

Comparative analyses of preoperative and treatment variables were performed using bivariate

analyses between the axial, appendicular, and other cohorts. Categorical variables were tested

using Pearson’s chi-squared test, continuous variables using one-way ANOVA, and ordinal

variables (ASA class) using Kruskal-Wallis test.

Multivariate Cox analysis was performed on the axial and appendicular cohort to determine

the influence of preoperative variables and treatment choice on the likelihood of death. Inci-

dence rate ratio (IRR) was then used to determine the relative risk for the population over

time, taking into account the shifting population as a result of deaths or remission [20]. IRR

was calculated by dividing the incidence rate defined as the number of events person-years of

the exposed population by the total of all people at risk in this case for death at any one point

in time. This aimed to more accurately determine the relative effect of exposures on the risk of

occurrence among the exposed and unexposed populations.

Lastly, the long-term survival among cohorts was analyzed used Kaplan Meier survival

curves. Survival curves were presented to compare survival among patients with and without

distant metastases at presentation, patients across the appendicular, axial, or other cohorts,

and patients diagnosed in 2004–2007, 2008–2011, and 2012–2015.
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All analyses were performed using Stata1 version 13.0 (StataCorp, LP, College Station,

Texas, USA). Significance was set at p<0.05. This study was given exemption by our institu-

tion’s Human Investigations Committee.

Results

Demographics

In total, 5,329 chondrosarcoma patients were identified, of which appendicular represented

2,686, axial represented 1,616, and other represented 1,027. Mean age ± standard deviation for

the total cohort was 52.11 ± 17.51 and 47.59% of the patients were female (Table 1).

Differences in age between the groups was observed (p<0.001), with the average age of the

axial cohort being slightly younger and the “other” category patients being slightly older

(Table 1). There was difference in sex percentage between groups (p<0.001) with more female

patients in the axial cohort than the appendicular or other groups. Charles Deyo Score was

reported as zero for 83.24% of overall study population; the axial cohort had the largest per-

centage of scores of zero compared to the appendicular and other groups.

Metastatic disease was present at diagnosis for 6.21% of all patients (and not different for

the different tumor sites). The cohort was distributed evenly across time periods, with approxi-

mately 1/3 of the cohort arising from each time period (again, not different for the different

tumor sites). The mean “last contact or death” time from diagnosis was 55.36 months with a

standard deviation of 38.51 months. The median “last contact or death” time from diagnosis

was 48.62 months.

Treatment

Surgical treatment was different between the three groups. While the vast majority of patients

in all three groups underwent surgery, there was a significantly difference between the groups

(p<0.001) with more patients in the appendicular group having surgery (93.04%) than in the

axial group (85.33%) (p<0.001, Table 2).

Table 1. Comparison of demographics between the appendicular, axial, and other osteosarcoma cohorts.

Patient Characteristic Total Appendicular Axial Other p-value

Number of patients 5,329 2,686 1,616 1,027

Mean age in years (± SD) 52.11 ± 17.51 52.57 ± 17.49 50.35 ± 17.60 53.66 ± 17.21 < 0.001

Females (%) 2,536 (47.59) 1,399 (52.08) 720 (44.55) 417 (40.60) < 0.001

Charles-Deyo Score (%) 0.023

0 4,436 (83.24) 2,228 (82.95) 1,383 (85.58) 825 (80.33)

1 699 (13.12) 366 (13.63) 175 (10.83) 158 (15.38)

2 154 (2.89) 73 (2.72) 46 (2.85) 35 (3.41)

3 40 (0.75) 19 (0.71) 12 (0.74) 9 (0.88)

Metastasis at presentation (%) 0.531

No 4,998 (93.79) 2,527 (94.08) 1,515 (93.75) 956 (93.09)

Yes 331 (6.21) 159 (5.92) 101 (6.25) 71 (6.91)

Year of diagnosis� (%) 0.807

2004–2007 1,803 (33.83) 921 (34.29) 549 (33.97) 333 (32.42)

2008–2011 1,921 (36.05) 961 (35.78) 575 (35.58) 385 (37.49)

2012–2015 1,605 (30.12) 804 (29.93) 492 (30.45) 309 (30.09)

SD = standard deviation

https://doi.org/10.1371/journal.pone.0268215.t001
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Radiation therapy was much less commonly used across all groups. In the appendicular

group, less than 1% underwent pre-operative radiation and 2.90% post-operative, compared to

the axial group where 1.05% also underwent pre-operative but 16.34% underwent post-opera-

tive radiation (p<0.001, Table 2).

Chemotherapy was not commonly used as well, with 5–8% of each group using this modal-

ity. There was a significant difference between groups for the receipt of chemo with the axial

group having the highest at 8.04%, appendicular at 6.81%, and other at 5.36% (p<0.001,

Table 2). Chemotherapy was not significantly associated with a favorable prognosis (p = 0.076

for the equality of survivor functions).

Most patients in the study had only surgical treatment performed (73.7%). For the

appendicular cohort, 80.16% of patients had only surgery, 4.62% of patients had surgery

and chemotherapy and 2.31% had surgery and radiation. This was in contrast to the axial

group where 62.07% of patients had surgery only, 15.53% had surgery and radiation and

3.53% had surgery and chemotherapy. (p<0.001, Table 2). The other group had rates of

74.88% surgery only, 8.28% surgery and radiation and 2.04% surgery and chemotherapy

(p<0.001, Table 2).

Table 2. Comparison of operative data and long-term survival for the appendicular and axial cohorts.

Patient Characteristic Total Appendicular Axial Other p-value

Number of patients 5,329 2,686 1,616 1,027

Surgical treatment < 0.001

No Surgery 511 (9.59) 186 (6.92) 235 (14.54) 90 (8.76)

Surgery 4,814 (90.34) 2,499 (93.04) 1,379 (85.33) 936 (91.14)

Unknown 4 (0.08) 1 (0.04) 2 (0.12) 1 (0.10)

Radiation Therapy < 0.001

None 4,747 (89.08) 2,534 (94.34) 1,312 (81.19) 901 (87.73)

Preoperative 38 (0.71) 13 (0.48) 17 (1.05) 8 (0.78)

Postoperative 439 (8.24) 78 (2.90) 264 (16.34) 97 (9.44)

Both or Intraoperative 4 (0.08) 1 (0.04) 2 (0.12) 1 (0.10)

Unknown 101 (1.90) 60 (2.23) 21 (1.30) 20 (1.95)

Chemotherapy 0.001

No (0) 4,737 (88.89) 2,373 (88.35) 1,441 (89.17) 923 (89.87)

Yes (1) 368 (6.91) 183 (6.81) 130 (8.04) 55 (5.36)

Unknown (2) 224 (4.20) 130 (4.84) 45 (2.78) 49 (4.77)

Treatment Combination

No treatment 634 (11.90) 290 (10.80) 229 (14.17) 115 (11.20) < 0.001

Isolated surgery 3,925 (73.65) 2,153 (80.16) 1,003 (62.07) 769 (74.88)

Isolated radiation 9 (0.17) 2 (0.07) 3 (0.19) 4 (0.39)

Isolated chemotherapy 93 (1.75) 28 (1.04) 48 (2.97) 17 (1.66)

Surgery and radiation 398 (7.47) 62 (2.31) 251 (15.53) 85 (8.28)

Surgery and chemotherapy 202 (3.79) 124 (4.62) 57 (3.53) 21 (2.04)

Chemotherapy and radiation 1 (0.02) 1 (0.04) 0 (0.00) 0 (0.00)

Surgery, radiation, and chemotherapy 67 (1.26) 26 (0.97) 25 (1.55) 16 (1.56)

Survival < 0.001

1-yr survival (%) 90.38 89.52 89.66 93.75

5-yr survival (%) 75.61 75.76 72.14 80.59

10-yr survival (%) 64.18 65.24 60.12 67.67

https://doi.org/10.1371/journal.pone.0268215.t002
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Survival analyses

Survival for the overall cohort was 90.38% at 1 year, 75.61% at 5 years and 64.18% at 10 years.

Survival rates were highest in the “other” cohort (93.75% at 1 year, 80.59% at 5, 67.67% at 10)

compared to the appendicular and axial cohorts (p<0.001, Table 2).

The multivariate Cox analysis for the appendicular cohort revealed the likelihood of death

to be significantly increased with age category and distant metastases at presentation

(IRR = 6.794, p<0.001) and significantly decreased for female sex (IRR = 0.692, p<0.001), and

surgical treatment (IRR = 0.533, p<0.001, Table 3). Year of diagnosis and treatment choice

were not significantly related to likelihood of death.

For the axial cohort, similar analysis revealed the likelihood of death to be significantly

increased with increasing age category and distant metastases (Incident Rate Ratio (IRR) =

3.12, p<0.001), while it was significantly decreased with surgical treatment (IRR = 0.356,

p<0.001) and surgical treatment with radiation (IRR = 0.373, p<0.001) (Table 4). There were

not enough patients who received radiation only or radiation plus chemotherapy for those var-

iables to be analyzed. There was also a small and statistically insignificant improvement in like-

lihood of death in those patients treated in the later years of the data collection.

Kaplan-Meier survival analysis showed the worst survival outcomes in the axial cohort and

the best outcomes in the “other” group (p<0.001) (Fig 1). Patients with distant metastases at

presentation (p<0.001) (Fig 2) had worse survival outcomes. Survival was not significantly

increased between older (2004–2007) and more recent years (2012–2016) of treatment

(p = 0.742) (Fig 3).

Table 3. Multivariate Cox analysis of the likelihood of death at any given time for demographic and operative variables for the appendicular cohort.

Likelihood of death at any given time IRR 95% Confidence Interval p-value

Age Category

< 23 Ref Ref Ref Ref

23–45 2.046 0.940 - 4.455 0.071

46–62 3.747 1.751 - 8.019 0.001

62+ 9.295 4.286 - 20.158 < 0.001

Sex

Male Ref Ref Ref Ref

Female 0.692 0.592 - 0.810 < 0.001

Metastasis at time of diagnosis

Yes 6.794 5.389 - 8.565 < 0.001

Year of diagnosis

2004–2007 Ref Ref Ref Ref

2008–2011 1.081 0.899 - 1.300 0.406

2012–2015 0.965 0.777 - 1.200 0.750

Treatment choice -

None Ref Ref Ref Ref

Surgery 0.533 0.414 - 0.685 < 0.001

Radiation 3.733 0.507 - 27.455 0.196

Chemotherapy 2.165 1.326 - 3.536 0.002

Surgery and radiation 1.234 0.836 - 1.820 0.290

Surgery and chemotherapy 1.042 0.748 - 1.451 0.807

Radiation and chemotherapy 7.791 1.056 - 57.496 0.044

IRR = incidence rate ratio

https://doi.org/10.1371/journal.pone.0268215.t003
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Discussion

Chondrosarcoma is the second most common primary osseous tumor behind osteosarcoma

and makes up about 25% of the total prevalence of bone sarcomas [6]. The gold standard treat-

ment for chondrosarcomas is surgical excision in light of limited responsiveness to radiother-

apy and chemotherapy [9]. Prior chondrosarcoma survival studies have been of limited age or

from many years ago thus, the currently presented study analyzed 5,329 chondrosarcoma

patients from the NCDB database to address the above-noted literature limitation.

Chondrosarcoma has been shown to have the highest 5-year survival rate of the three most

common primary sarcomas of the bone [8]. Similar to these prior studies, our study showed

an overall 5-year survival rate of 75.6% (prior studies between 72–76%) and 10-year survival

rates of 64.18% (prior study 69%) [6, 8, 9]. The current study also found 1-year survival to be

as high as 90.38% overall.

While chondrosarcoma maintains a relatively high 5- and 10-year survival rates compared

to other sarcomas, both 5 and 10-year survival rates have made minimal progress over the

study period with no significant difference between the three eras studied (2004–2007, 2008–

2011, and 2012–2015). Further, with the exception of axial cohort 2012–2015 data, the current

data shows no significant improvement from 2004 to 2015. However, although the early trajec-

tory seen in Fig 3 shows patients in the later era group to be similar to prior era groups, 5- or

10-year data and the data are incomplete based on years available for follow-up. All this con-

sidered, the lack of demonstrated improvement in chondrosarcoma survival rates, supports

the continued reliance on traditional treatment algorithms.

Table 4. Multivariate Cox analysis of the likelihood of death at any given time for demographic and operative variables for the axial cohort.

Likelihood of death at any given time IRR 95% Confidence Interval p-value

Age Category

< 23 Ref Ref Ref Ref

23–45 2.153 1.171 - 3.9555 0.014

46–62 3.635 2.013 - 6.562 < 0.001

62+ 5.829 3.113 - 10.914 < 0.001

Sex

Male Ref Ref Ref Ref

Female 0.892 0.736 - 1.081 0.244

Metastasis at time of diagnosis

Yes 3.122 2.327 - 4.189 < 0.001

Year of diagnosis

2004–2007 Ref Ref Ref Ref

2008–2011 0.926 0.748 - 1.146 0.480

2012–2015 0.680 0.513 - 0.900 0.007

Treatment choice

None Ref Ref Ref Ref

Surgery 0.356 0.278 - 0.458 < 0.001

Radiation - - - - -

Chemotherapy 1.971 1.299 - 2.991 0.001

Surgery and radiation 0.373 0.265 - 0.523 < 0.001

Surgery and chemotherapy 1.694 1.143 - 2.510 0.009

Radiation and chemotherapy - - - - -

IRR = incidence rate ratio

https://doi.org/10.1371/journal.pone.0268215.t004
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Fig 1. Long-term survival of patients in the axial, appendicular, and other cohorts (p<0.001).

https://doi.org/10.1371/journal.pone.0268215.g001

Fig 2. Long-term survival of all patients with and without distant metastases at the time of presentation

(p<0.001).

https://doi.org/10.1371/journal.pone.0268215.g002
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Appendicular location was found to be associated with a better prognosis relative to axial

location. Giuffrida et al., using the SEER program database from 1973–2003 and other more

recent studies have reported results consistent with this finding [9, 16, 21]. As the primary goal

of surgical treatment is negative margins, the anatomic limitations of pelvis / spine lesions

makes this objective more challenging to achieve [22].

Metastasis at time of diagnosis seems to represent an additional poor predictor for long

term survival according to our data. Previous studies have also found the relative 5-year sur-

vival to drop precipitously from 75.2% to 28.4% with the presence of metastasis [8–10]. This

marked decline in survival rate is suggestive of a more aggressive phenotype or wider spread

disease in the setting of metastasis that may be influential in the course of the disease [9, 10].

In the metastatic setting, while surgical intervention remains the most established means of

intervention, the implementation of radiotherapy was indicative of improved outcomes. Cor-

roborating research supports the suggestion of possible benefit from radiation, chemotherapy

in the setting of metastatic chondrosarcoma [6]. Despite the decreased likelihood of death in

our axial cohort with surgical and radiotherapy intervention, many studies remain doubtful of

the benefit reported by radiotherapy, identifying only benefit when compared to supportive

care [6, 23, 24] or not at all [25]. The role of radiation and chemotherapy in these settings

requires further study.

Studies of the treatment algorithms for chondrosarcoma have reached a plateau, with no

improvement in survival rates of patients with chondrosarcoma over the last 30 years [16], fur-

ther corroborated by the current study’s findings. Despite this plateau, surgical treatment

remains the most effective and common intervention requiring the surgical excision of the

tumor. The significance of tumor location and metastasis at presentation prompt a focus on

the importance of improved surgical technique as a potential means to improving outcomes.

Associated with worse outcomes due to difficult surgical sites and more widespread trajectory,

Fig 3. Long-term survival of patients in the three era groups (p = 0.742).

https://doi.org/10.1371/journal.pone.0268215.g003
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computer assisted surgery (CAS) may offer assistance in ensuring adequate margins in difficult

tumor resections and ensure avoidance of inadvertent tumor perforation [26, 27].

When interpreting the results of this investigation, there are several limitations that need to

be taken into account. Just like any large database study, there is always a possibility of mis-col-

lection of data, missing data, or bias of data collection. Due to NCDB data use agreement, the

analysis of small sample size sub-cohorts could not be performed so certain sub-categories

were not examined. For example, the majority of patients (64%) had no residual tumor and

margin data was unavailable for more than 26% of individuals thus limiting their analysis.

Additionally, the study is inherently limited in follow-up for the group treated in the later set

of years studied. Finally, details of the surgical, radiation, and chemotherapy protocols were

not available.

Conclusions

In conclusion, this review of chondrosarcoma patients from 2004 to 2015 captured over five

thousand patients from the NCDB, demonstrating the continued role of surgical intervention

as the mainstay of treatment for both appendicular and axial chondrosarcomas. After thirty

years, and the continued development of novel therapeutic approaches, we demonstrated that

the long-term survival for chondrosarcomas has remained insignificant and continues to rely

on surgical treatment. Poor prognostic factors such as distant metastasis and axial involvement

that hinder the means of surgical intervention have been shown to decrease long-term survival

for patients. These findings suggest the clinical importance of surgery directing our research

and attention to the development of novel surgical approaches. Computer assisted surgery

offers one possible means to improve the delivery of surgical interventions.
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