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Reginal Lymph Node Involvement is Associated With Poorer 68 

Survivorship in Patients With Malignant Bone Tumor 69 

Background: Regional lymph node involvement is rare in patients with malignant bone 70 

tumors. We aimed to analyze the prevalence and prognostic implications in the lymph-71 

involved patients with malignant bone tumors. 72 

Materials and Methods: From 1988 to 2016, 9582 patients with primary malignant 73 

bone tumors in the SEER database were enrolled. Overall survival (OS) was computed 74 

using the Kaplan-Meier method. A multivariate analysis was performed using the Cox 75 

regression.  76 

Results: 346 (3.63%) patients exhibited regional lymph node involvement. Lymph-77 

involved patients had larger tumor size and more metastasis than patients without. 78 

Ewing sarcoma most frequently developed lymph node involvement. Lymph-involved 79 

patients (0.31 95% CI (0.26–0.37)) had lower 5-year OS rates than patients without 80 

lymph node involvement (0.66 95% CI (0.65–0.68)) (p<0.001).  81 

Conclusions: Lymph node involvement is rare in patients with malignant bone tumors. 82 

They had a large tumor size, more distant metastasis and poor survival.  83 

1 INTRODUCTION 84 

Primary malignant bone tumors constitute a heterogeneous group of rare solid 85 

tumors, and the most prevalent types are osteosarcoma, chondrosarcoma and Ewing 86 

sarcoma. The metastatic pattern in primary malignant bone tumor is typically 87 

hematogenous, with the lung and bone as the most prevalent metastatic sites (1, 2). 88 

Although regional lymph node involvement is thought to be a relatively uncommon 89 
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event in patients with primary bone malignancies, it was reported to be associated with 90 

a poor survival in several studies of patients with various histological subtypes of 91 

tumors, such as osteosarcoma and chondrosarcoma (3-6). However, the overall 92 

proportion of regional lymph node involvement and its effect on the survival of patients 93 

with primary malignant bone tumors remain unclear. 94 

Efforts to understand the percentage of patients with primary bone malignancies 95 

who develop regional nodal involvement and the histological subtypes that are more or 96 

less likely to undergo lymphatic spread may influence the decision to require the patient 97 

to undergo further advanced imaging tests, such as PET-CT, or regional lymph node 98 

biopsy. The status of the regional lymph nodes may alter the prognosis by substantially 99 

guiding the overall treatment strategy and potentially altering the range of resection or 100 

surgical method. However, currently, the process has not been systematically evaluated. 101 

Challenges include the low disease incidence and heterogeneity of histological subtypes.  102 

Given the paucity of data describing these patients, we completed the current 103 

population-based study of this rare group of patients with primary malignant bone 104 

tumors and regional lymph node involvement. We provide a description of the 105 

prevalence, risk factors and effects on survival for this unique group of patients.  106 

2 MATERIALS AND METHODS 107 

2.1 Source of Patients  108 

We accessed the US National Cancer Institute Surveillance Epidemiology and End 109 

Results (SEER) database, which collects and publishes cancer incidence and survival 110 

data (7), using the SEER*Stat version 8.3.5 (National Cancer Institute, Bethesda, MD, 111 
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USA) to obtain the data from patients with primary malignant bone tumors, including 112 

clinical characteristics and outcomes and to answer the questions posed above.  113 

2.2 Inclusion and Exclusion Criteria 114 

The inclusion criteria were a histologically confirmed diagnosis of primary 115 

malignant bone tumors from 1988 to 2016. The diagnosis was made when the patient 116 

was alive, as we excluded a diagnosis determined at autopsy or a death certificate only. 117 

Patients who were not diagnosed with bone malignancies as the first primary 118 

malignancy and patients without available information on the status of regional lymph 119 

node involvement were also excluded (Figure 1). 120 

2.3 Selection of Patients 121 

The codes of bone malignancies in the International Classification of Diseases for 122 

Oncology are 8830/3, malignant fibrous histiocytoma; 9180/3, osteosarcoma not 123 

otherwise specified; 9181/3, chondroblastic osteosarcoma; 9182/3, fibroblastic 124 

osteosarcoma; 9183/3, telangiectatic osteosarcoma; 9184/3, osteosarcoma in Paget 125 

disease of bone; 9185/3, small cell osteosarcoma; 9186/3, central osteosarcoma; 9187/3, 126 

intraosseous well-differentiated osteosarcoma; 9192/3, parosteal osteosarcoma; 9193/3, 127 

periosteal osteosarcoma; 9194/3, high grade surface osteosarcoma; 9200/3, 128 

osteosarcoma, malignant; 9220/3, chondrosarcoma not otherwise specified; 9221/3, 129 

juxtacortical chondrosarcoma; 9230/3, chondroblastoma, malignant; 9231/3, myxoid 130 

chondrosarcoma; 9240/3, mesenchymal chondrosarcoma; 9242/3, clear cell 131 

chondrosarcoma; 9243/3, dedifferentiated chondrosarcoma; 9250/3, giant cell tumor of 132 

the bone, malignant; 9251/3, malignant giant cell tumor of soft tissue; 9252/3, 133 
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malignant tenosynovial giant cell tumor; 9260/3, Ewing sarcoma; 9261/3, 134 

adamantinoma of long bones; 9370/3, chordoma, NOS; 9371/3, chondroid chordoma; 135 

and 9372/3, dedifferentiated chordoma. In the SEER database, 20541 patients 136 

diagnosed with bone malignancies from 1988 to 2015 were identified, and 9582 patients 137 

who met the inclusion criteria were included in this study. Then, we separated all 138 

patients into two groups according to the status of regional lymph node involvement. 139 

The requirements of institutional review board (IRB) approval and written 140 

informed consent were waived due to the retrospective nature of the study of cases in 141 

the publicly available SEER database. 142 

2.4 Statistical Analysis 143 

All statistical analyses were performed using R software (R Foundation for 144 

Statistical Computing, Vienna, Austria). Proportions of patients with different clinical 145 

characteristics were calculated using descriptive statistics. Patients were separated into 146 

two groups depending on the status of regional lymph node involvement. The chi-147 

square test and Fisher’s exact test were used to identify the differences in categorical 148 

variables between the two groups. A Kaplan-Meier curve was constructed to estimate 149 

the overall survival, and a log-rank test was applied to identify the significance of 150 

differences in survival between groups. A Cox proportional hazard regression analysis 151 

was performed to calculate the hazard ratios with 95% confidence intervals and to 152 

determine the effect of regional lymph node involvement on the prognosis, while 153 

controlling for the effects of age, sex, race, tumor size, tumor location, tumor grade, 154 

distant metastasis. Statistical significance was determined using an α error of 0.05. 155 
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3 RESULTS 156 

3.1 Characteristics of Patients 157 

A total of 9582 patients with primary malignant bone tumors were included in our 158 

analysis, including 5579 males (58.22%) and 4003 females (41.78%). The most 159 

frequent histological subtypes were chondrosarcoma (25.11% [2406/9582]) and 160 

osteosarcoma (24.64% [2361/9582]). Regarding the primary tumor location, most 161 

tumors were located in a lower extremity, which was observed in 3611 patients 162 

(37.69%). One thousand one hundred thirty-one patients (11.8%) were noted to have 163 

distant metastasis at the time of the initial diagnosis. Three hundred forty-six (3.61%) 164 

patients were reported to have regional lymph node involvement, while 9236 (96.39%) 165 

did not (Table 1).  166 

3.2 Differences in characteristics between patients with and without regional 167 

lymph node involvement 168 

Briefly, patients with regional lymph node involvement were more likely to have 169 

a larger tumor size (81.69% [241 of 295] versus 67.84% [5152 of 7594], OR (odds ratio) 170 

= 2.1, 95% CI, 1.6-2.9; p < 0.001), than patients without this presentation. A higher 171 

percentage of distant metastasis (52.36% [155 of 296] versus 11.86% [976 of 8230], 172 

OR (odds ratio) = 8.1, 95% CI, 6.4-10.4; p < 0.001) was also observed in patients with 173 

regional nodal involvement. Moreover, compared with other histological types, a higher 174 

proportion of patients with Ewing sarcoma exhibited regional lymph node involvement 175 

(8.8% [115 of 1305] versus 2.8% [231 of 8277], OR (odds ratio) = 3.4, 95% CI, 2.7-176 

4.2; p < 0.001) (Table 2). 177 
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3.3 Association between histological subtypes and the prevalence of regional lymph 178 

node involvement  179 

The incidence of regional lymph node involvement varies among histological 180 

subtypes. The prevalence of regional lymph node involvement was 8.81% [115 of 1305; 181 

95% CI, 7.27-10.35] in patients with Ewing sarcoma, followed by 3.64% [96 of 1305; 182 

95% CI, 2.92-4.36] in patients with malignant fibrous histiocytoma, 3.09% [73 of 2361; 183 

95% CI, 2.39-3.76] in patients with osteosarcoma, 2.22% [4 of 180; 95% CI, 0.04-4.39] 184 

in patients with giant cell tumor of the bone, 1.99% [48 of 2406; 95% CI, 1.43-2.55] in 185 

patients with chondrosarcoma and 1.52% [10 of 657; 95% CI, 0.58-2.46] in patients 186 

with chordoma. Regional lymph node involvement was not noted in 13 subtypes of 187 

primary malignant bone tumors: osteosarcoma in Paget disease of bone, small cell 188 

osteosarcoma, intraosseous well-differentiated osteosarcoma, parosteal osteosarcoma, 189 

periosteal osteosarcoma, high grade surface osteosarcoma, juxtacortical 190 

chondrosarcoma, malignant chondroblastoma, malignant giant cell tumor of soft tissues, 191 

malignant tenosynovial giant cell tumor, adamantinoma of long bones, chondroid 192 

chordoma and dedifferentiated chordoma (Table 3).  193 

We observed a clear association between the histological subtype and the 194 

prevalence of regional lymph node involvement. Compared with the overall proportion 195 

of patients presenting with regional lymph node involvement (3.63% [346 of 9582]; 95% 196 

CI, 3.25-4.00), a higher proportion of patients with Ewing sarcoma presented with 197 

regional lymph node metastasis (8.81% [115 of 1305; 95% CI, 7.27-10.35; p<0.001]). 198 

The proportion of patients with nodal metastasis with myxoid chondrosarcoma (4.49% 199 
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[16 of 356; 95% CI, 2.33-6.66; p=0.476) and dedifferentiated chondrosarcoma (3.98% 200 

[7 of 176; 95% CI, 1.06-6.89; p=0.491]) appeared to be numerically higher than the 201 

overall proportion, but the differences were not statistically significant.  202 

3.4 Relationship between regional lymph node involvement and the prognosis 203 

Overall survival was worse for patients with primary malignant bone tumors 204 

presenting with regional lymph node involvement than patients without regional nodal 205 

disease (p<0.001). The estimated 5-year overall survival rates of patients with and 206 

without regional lymph node involvement were 31% (95% CI, 26–37%) and 66% (95% 207 

CI, 65–68%), respectively (Figure 2A). 208 

A subgroup analysis also confirmed these results. For patients without distant 209 

metastasis, regional lymph node involvement was also associated with a worse 5-year 210 

survival: 42% for patients with regional node involvement (95% CI, 34%-52%) and 72% 211 

for patients without lymph node involvement (95% CI, 71-73%; p < 0.001) (Figure 212 

2B). For patients presenting with metastatic disease, regional lymph node involvement 213 

was associated with a worse 5-year overall survival; the estimated rate was 20% for 214 

patients with regional lymph node involvement (95% CI, 12-28%) and 29% for patients 215 

without this presentation (95% CI, 25-32%; p=0.0061) (Figure 2C). In patients with 216 

osteosarcoma, the 5-year overall survival was 16% (95% CI, 9-32%) for patients with 217 

regional lymph node involvement and 63% (95% CI, 58-63%; p < 0.001) for patients 218 

without this presentation (Figure 2D). The 5-year overall survival rate was 43% (95% 219 

CI, 33%-55%) for patients with Ewing sarcoma presenting with regional lymph node 220 

involvement and 65% (95% CI, 61%-68%; p < 0.001) for patients without this 221 
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presentation (Figure 2E). In patients with malignant fibrous histiocytoma, the 5-year 222 

overall survival rate was 22% (95% CI, 21-31%) for patients with regional lymph node 223 

involvement and 60% (95% CI, 57%-61%; p < 0.001) for patients without regional 224 

lymph node involvement (Figure 2F). 225 

Next, we built a multivariate Cox proportional hazard model to assess the 226 

independent effect of regional node involvement on the overall survival. Based on the 227 

results of the univariate analysis, covariates included in the Cox model were age, sex, 228 

race, tumor size, primary tumor site, distant metastasis, grade and histological type. All 229 

covariates, except race and primary tumor site, met the proportional hazard assumption. 230 

The estimated hazard ratio (HR) of death in patients with regional lymph node 231 

involvement was 1.74 (95% CI, 1.48-2.05; p < 0.001) compared with patients without 232 

regional lymph node involvement (Figure 3). 233 

4 DISCUSSION 234 

Primary malignant bone tumors are a collection of rare malignancies that presents 235 

inherent challenges to risk stratification and our understanding of this heterogeneous 236 

group of diseases. Factors associated with poorer survival include histological subtypes, 237 

older age, distant metastasis, primary tumor site and sensitivity to chemotherapy, 238 

among others (8-12). Regional lymph node involvement is thought to be rare in patients 239 

with primary malignant bone tumors, although the overall prevalence of nodal 240 

involvement is poorly defined in the existing reports (13, 14). Likewise, our systematic 241 

understanding of the effect of regional lymph node involvement on primary bone 242 

malignancies is also limited, and we were only able to identify several limited studies 243 
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on the survival of patients with osteosarcoma, chondrosarcoma and Ewing sarcoma 244 

presenting with and without lymph node metastasis (15-17). As shown in the current 245 

study, 3.63% of all patients with primary malignant bone tumors presented with 246 

regional lymph node involvement. Nodal involvement was associated with the 247 

histological subtype. More importantly, regional lymph node involvement 248 

independently indicated poorer survival for patients with primary malignant bone 249 

tumors, which affects the evaluation of the prognosis and treatment plans.  250 

Consistent with previous studies, our results reveal that regional lymph node 251 

involvement is rare in patients with primary malignant bone tumors, with a prevalence 252 

of 3.63%. Previous studies report a prevalence of nodal involvement in osteosarcoma 253 

ranging from <1% to 10% (16). An analysis of chondrosarcoma based on the SEER 254 

database reviewed a prevalence of 1.3% (15). The metastatic pattern of primary 255 

malignant bone tumors is typically hematogenous, and the reason for the rarity of 256 

regional lymph node involvement has not been clearly clarified to date. Some 257 

researchers postulated that the paucity of lymphatic channels in bone may explain the 258 

rare incidence of regional lymph node involvement (18).  259 

Based on our findings, patients with regional lymph node involvement were more likely 260 

to have a larger tumor size, a higher percentage of distant metastasis and to be diagnosed 261 

with Ewing sarcoma than patients without regional lymph node involvement. The 262 

involvement of regional lymph nodes is a signal of the extent of tumor invasion. 263 

Therefore, as a marker of tumor invasion, the observation of a larger tumor size in 264 

patients with regional nodal involvement is reasonable. Primary malignant bone tumors 265 
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typically display hematogenous metastasis. As a significant adverse factor, the 266 

consistent appearance of distant metastasis with regional nodal involvement is rational.  267 

We reported substantial variation in the risk of regional lymph node involvement among 268 

patients with different histological subtypes of primary malignant bone tumors. Ewing 269 

sarcoma (8.81%) was associated with a higher risk of regional lymph node involvement 270 

than other subtypes of bone malignancies, followed by myxoid chondrosarcoma (4.49%) 271 

and dedifferentiated chondrosarcoma (3.98%). Jimi Huh et al. conducted a single 272 

institution study and found that the most frequent site of metastasis in patients with 273 

Ewing sarcoma was the lymph nodes (19). Based on the current study, the proportion 274 

of lymph node involvement was also higher when Ewing sarcoma originated from bone 275 

rather than the soft tissue. Researchers have not clearly determined why the proportions 276 

of patients with regional nodal involvement differ among histological subtypes. A few 277 

explanations have been provided in previous studies. According to Edwards et al. (18), 278 

lymphatic vessels are lacking in bone tumors, but they are present in tumors that have 279 

extended into the periosteum and surrounding soft tissue. Compared with other 280 

common primary malignant bone tumors, including osteosarcoma and chondrosarcoma, 281 

Ewing sarcoma is more likely to extend into the extraskeletal tissue because of its 282 

histological origination. Another hypothesis proposed by some experts was that tumors 283 

with an increased non-spindle cell component tend to have an increased frequency of 284 

extrapulmonary metastases, including lymph node metastases (17, 20, 21). 285 

Based on the results from the present study, patients with primary malignant bone 286 

tumors and regional lymph node involvement have inferior overall survival outcomes. 287 
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Regional nodal involvement was previously reported to be an adverse prognostic factor 288 

for several histological subtypes of primary bone malignancies, such as osteosarcoma 289 

and chondrosarcoma (15, 16). Our study confirmed the adverse effect of regional lymph 290 

node involvement patients with primary malignant bone tumors on overall survival, 291 

including all common histological subtypes. Although the presence of regional nodal 292 

involvement is rare, the effect on the prognosis of patients with all subtypes of bone 293 

malignancies should not be ignored. Since an examination of regional lymph nodes is 294 

not included in the routine evaluation of primary malignant bone tumors, we 295 

recommend PET/CT imaging as an effective method to screening for lymph node 296 

involvement (22, 23). Biopsy of suspicious regional lymph nodes may be needed for 297 

confirmation when planning further treatment.    298 

The analysis of data from the SEER database has several limitations. This study is 299 

limited by its retrospective approach. Second, the SEER database did not provide 300 

detailed information about the treatment of patients, including the management of 301 

regional lymph node metastasis and surgical methods. Therefore, bias may exist in the 302 

survival analysis. Additionally, a detailed analysis of recommendations for patients with 303 

regional lymph node involvement was impossible. Moreover, the status of lymph node 304 

involvement in patients included in the SEER database was determined by either 305 

clinical, surgical or pathologic adjudication. Therefore, the actual prevalence of 306 

regional lymph node involvement was unable to be determined.  307 

We conclude that the prevalence of regional lymph node involvement in patients 308 

with primary malignant bone tumors included in the SEER database was 3.63%. 309 
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Patients with nodal involvement were more likely to have a large tumor size and distant 310 

metastasis. Ewing sarcoma was associated with a higher risk of regional lymph node 311 

involvement than other subtypes of bone malignancies. Patients with regional nodal 312 

involvement exhibit a poorer survival than patients without regional lymph node 313 

involvement. The importance of a regional lymph node evaluation in patients with 314 

primary malignant bone tumors might currently be underestimated. Based on the 315 

independent association between regional lymph node involvement and poor survival, 316 

we suggest a cautious assessment of the status of regional nodal involvement in patients 317 

with primary bone malignancies. The mechanism of lymph node involvement, 318 

association of this finding with a poor prognosis, and recommended management of 319 

invaded lymph nodes require further investigation.   320 

 321 

CONFLICT OF INTEREST  322 

The authors declare no conflicts of interest. 323 

 324 

Availability of data and materials 325 

The dataset(s) supporting the conclusions of this article is(are) available in the US 326 

National Cancer Institute Surveillance Epidemiology and End Results (SEER) database 327 

in https://seer.cancer.gov/.  328 

 329 

REFERENCE 330 

1. NCCN Guidelines Insights: Bone Cancer, Version 2.2017. Journal of the National Comprehensive 331 

https://seer.cancer.gov/


16 

 

Cancer Network Jnccn.15(2):155-67. 332 

2. Ritter J, Bielack SS. Osteosarcoma. Ann Oncol. 2010;21 Suppl 7:vii320-5. 333 

3. E C, M Z, oncology CRJSis. Incidence of regional lymph node metastasis in operable osteogenic 334 

sarcoma. 1990;6(4):231-3. 335 

4. Hattori H, Yamamoto K. Lymph node metastasis of osteosarcoma. J Clin Oncol. 2012;30(33):e345-336 

9. 337 

5. V K, A G, A P, cancer RBJSAjo. Lymph node metastasis in extremity chondrosarcomas: A series of 338 

four cases. 2020;9(1):1-3. 339 

6. K M, S H, M I, Y S, H O, orthopaedics AYJC, et al. Parosteal (juxtacortical) chondrosarcoma of the 340 

humerus associated with regional lymph node metastasis. A case report. 1993(290):168-73. 341 

7. National Cancer Institute Surveillance Epidemiology and End Results Program. Available at: 342 

http://seer.cancer.gov. November 27, 2019 [ 343 

8. Luetke A, Meyers PA, Lewis I, Juergens H. Osteosarcoma treatment - where do we stand? A state 344 

of the art review. Cancer Treat Rev. 2014;40(4):523-32. 345 

9. Anderson ME. Update on Survival in Osteosarcoma. Orthop Clin North Am. 2016;47(1):283-92. 346 

10. Yanagawa T, Saito K, Takagishi K. Risk factors for lymphatic metastasis of malignant bone and 347 

soft-tissue tumors: a retrospective cohort study of 242 patients. Medicine (Baltimore). 2014;93(27):e225. 348 

11. Bielack SS, Kempf-Bielack B, Delling G, Exner GU, Flege S, Helmke K, et al. Prognostic Factors 349 

in High-Grade Osteosarcoma of the Extremities or Trunk: An Analysis of 1,702 Patients Treated on 350 

Neoadjuvant Cooperative Osteosarcoma Study Group Protocols. Journal of Clinical 351 

Oncology.20(3):776-90. 352 

12. Goorin AM, Perez-Atayde A, Gebhardt M, Andersen JW, Frei E. Weekly high-dose methotrexate 353 

http://seer.cancer.gov/


17 

 

and doxorubicin for osteosarcoma: The Dana-Farber Cancer Institute/The Children's Hospital - Study III. 354 

Journal of Clinical Oncology Official Journal of the American Society of Clinical Oncology. 355 

1987;5(8):1178-84. 356 

13. Walcott BP, Nahed BV, Mohyeldin A, Coumans J-V, Kahle KT, Ferreira MJ. Chordoma: current 357 

concepts, management, and future directions. The Lancet Oncology. 2012;13(2):e69-e76. 358 

14. Whelan JS, Davis LE. Osteosarcoma, Chondrosarcoma, and Chordoma. J Clin Oncol. 359 

2018;36(2):188-93. 360 

15. L W, C T, S L, Z L. Regional Lymph Node Involvement Is Associated With Poorer Survivorship in 361 

Patients With Chondrosarcoma: A SEER Analysis. Clinical orthopaedics and related research. 362 

2019;477(11):2508-18. 363 

16. Thampi S, Matthay KK, Goldsby R, DuBois SG. Adverse impact of regional lymph node 364 

involvement in osteosarcoma. Eur J Cancer. 2013;49(16):3471-6. 365 

17. Jacobs AJ, Morris CD, Levin AS. Synovial Sarcoma Is Not Associated With a Higher Risk of 366 

Lymph Node\\r Metastasis Compared With Other Soft Tissue Sarcomas. Clinical Orthopaedics & Related 367 

Research®.476(3):589-98. 368 

18. Edwards JR, Williams K, Kindblom LG, Meiskindblom JM, Hogendoorn PC, Hughes D, et al. 369 

Lymphatics and bone. 2008;39(1):49-55. 370 

19. Huh J, Kim KW, Park SJ, Kim HJ, Lee JS, Ha HK, et al. Imaging Features of Primary Tumors and 371 

Metastatic Patterns of the Extraskeletal Ewing Sarcoma Family of Tumors in Adults: A 17-Year 372 

Experience at a Single Institution. Korean J Radiol. 2015;16(4):783-90. 373 

20. Andreou D, Boldt H, Werner M, Hamann C, Pink D, Tunn P-U. Sentinel node biopsy in soft tissue 374 

sarcoma subtypes with a high propensity for regional lymphatic spread--results of a large prospective 375 



18 

 

trial. Annals of Oncology Official Journal of the European Society for Medical Oncology.24(5):1400-5. 376 

21. Maduekwe UN, Hornicek FJ, Springfield DS, Raskin KA, Harmon DC, Choy E, et al. Role of 377 

Sentinel Lymph Node Biopsy in the Staging of Synovial, Epithelioid, and Clear Cell 378 

Sarcomas.16(5):1356-63. 379 

22. Somarouthu BS, Shinagare AB, Rosenthal MH, Tirumani H, Hornick JL, Ramaiya NH, et al. 380 

Multimodality imaging features, metastatic pattern and clinical outcome in adult extraskeletal Ewing 381 

sarcoma: experience in 26 patients. The British Journal of Radiology. 2014;87(1038). 382 

23. Ulaner GA, Magnan H, Healey JH, Weber WA, Meyers PA. Is Methylene Diphosphonate Bone 383 

Scan Necessary for Initial Staging of Ewing Sarcoma if18F-FDG PET/CT Is Performed? American 384 

Journal of Roentgenology. 2014;202(4):859-67. 385 

 386 

TABLES 387 

TABLE 1 Characteristics of patients with primary malignant bone tumor, Surveillance, 388 

Epidemiology, and End Results Program database, 1988-2016 389 

Characteristic Number (%) 

Age (years)  

<25 2776(28.97) 

25-59 3536(36.9) 

≥60 3270(34.13) 

Sex  

Male 5579(58.22) 

Female 4003(41.78) 
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Race  

White 7945(82.92) 

Black 855(8.92) 

Asian or Pacific Islander 615(6.42) 

American Indian/Alaska Native 74(0.77) 

Unknown 93(0.97) 

Tumor size (cm)  

<5 2496(26.05) 

≥5 5393(56.28) 

Unknown or not applicable 1693(17.67) 

Primary tumor location  

Lower extremity 3611(37.69) 

Upper extremity 1245(12.99) 

Head 765(7.98) 

Spine 377(3.93) 

Ribs/sternum 482(5.03) 

Pelvis 940(9.81) 

Other 2162(22.56) 

Histologic type  

Osteosarcoma 2361(24.64) 

Osteosarcoma, NOS 1557(16.25) 

Chondroblastic osteosarcoma 323(3.37) 
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Fibroblastic osteosarcoma 112(1.17) 

Telangiectatic osteosarcoma 88(0.92) 

Osteosarcoma in Paget disease of bone 16(0.17) 

Small cell osteosarcoma 23(0.24) 

Central osteosarcoma 82(0.86) 

Intraosseous well differentiated osteosarcoma 4(0.04) 

Parosteal osteosarcoma 107(1.12) 

Periosteal osteosarcoma 33(0.34) 

High grade surface osteosarcoma 16(0.17) 

Chondrosarcoma 2406(25.11) 

Chondrosarcoma, NOS 1710(17.85) 

Juxtacortical chondrosarcoma 27(0.28) 

Chondroblastoma, malignant 20(0.21) 

Myxoid chondrosarcoma 356(3.72) 

Mesenchymal chondrosarcoma 81(0.85) 

Clear cell chondrosarcoma 36(0.38) 

Dedifferentiated chondrosarcoma 176(1.84) 

Giant cell tumor of bone 180(1.88) 

Giant cell tumor of bone, malignant 131(1.37) 

Malignant giant cell tumor of soft parts 17(0.18) 

Malignant tenosynovial giant cell tumor 32(0.33) 

Ewing sarcoma 1305(13.62) 



21 

 

Adamantinoma of long bones 39(0.41) 

Malignant fibrous histiocytoma 2634(27.49) 

Chordoma 657(6.86) 

Chordoma, NOS 604(6.30) 

Chondroid chordoma 49(0.51) 

Dedifferentiated chordoma 4(0.04) 

Regional lymph node involvement  

NO 9236(96.39) 

YES 346(3.61) 

Distant metastasis  

NO 7395(77.18) 

YES 1131(11.8) 

Unknown or not applicable 1056(11.02) 

Grade  

Ⅰ 860(8.98) 

Ⅱ 1194(12.46) 

Ⅲ 1420(14.82) 

Ⅳ 2318(24.19) 

Unknown 3790(39.55) 

Status  

Alive 6229(65.01) 

Dead 3353(34.99) 
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Abbreviations: NOS, not otherwise specified 390 

 391 

TABLE 2 Comparison of characteristics of patients with and without regional lymph 392 

node involvement  393 

Characteristic 

No regional 

lymph node 

involvement (n 

=9236,96.39%) 

Regional 

lymph node 

involvement (n 

= 346,3.61%) 

p value 

Age (years)   0.002 

<25 2650(28.69%) 126(36.42%)  

25-59 3410(36.92%) 126(36.42%)  

≥60 3176(34.39%) 94(27.17%)  

Sex   0.051 

Male 5360(58.03%) 219(63.29%)  

Female 3876(41.97%) 127(36.71%)  

Race   0.703 

White 7664(82.98%) 281(81.21%)  

Black 818(8.86%) 37(10.69%)  

Asian or Pacific Islander 594(6.43%) 21(6.07%)  

American Indian/Alaska Native 70(0.76%) 4(1.16%)  

Unknown 90(0.97%) 3(0.87%)  

Tumor size (cm)   <0.001 
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<5 2442(26.44%) 54(15.61%)  

≥5 5152(55.78%) 241(69.65%)  

Unknown or not applicable 1642(17.78%) 51(14.74%)  

Primary tumor location   0.379 

Skeletal 6503(70.41%) 236(68.21%)  

Extraskeletal 2733(29.59%) 110(31.79%)  

Histologic type   <0.001 

Osteosarcoma 2288(24.77) 73(21.10)  

Osteosarcoma, NOS 1499(16.23%) 58(16.76%)  

Chondroblastic osteosarcoma 312(3.38%) 11(3.18%)  

Fibroblastic osteosarcoma 110(1.19%) 2(0.58%)  

Telangiectatic osteosarcoma 87(0.94%) 1(0.29%)  

Osteosarcoma in Paget disease of bone 16(0.17%) 0(0%)  

Small cell osteosarcoma 23(0.25%) 0(0%)  

Central osteosarcoma 81(0.88%) 1(0.29%)  

Intraosseous well differentiated osteosarcoma 4(0.04%) 0(0%)  

Parosteal osteosarcoma 107(1.16%) 0(0%)  

Periosteal osteosarcoma 33(0.36%) 0(0%)  

High grade surface osteosarcoma 16(0.17%) 0(0%)  

Chondrosarcoma 2358(25.53) 48(13.87)  

Chondrosarcoma, NOS 1689(18.29%) 21(6.07%)  

Juxtacortical chondrosarcoma 27(0.29%) 0(0%)  
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Chondroblastoma, malignant 20(0.22%) 0(0%)  

Myxoid chondrosarcoma 340(3.68%) 16(4.62%)  

Mesenchymal chondrosarcoma 78(0.84%) 3(0.87%)  

Clear cell chondrosarcoma 35(0.38%) 1(0.29%)  

Dedifferentiated chondrosarcoma 169(1.83%) 7(2.02%)  

Giant cell tumor of bone 176(1.91) 4(1.16)  

Giant cell tumor of bone, malignant 129(1.4%) 2(0.58%)  

Malignant giant cell tumor of soft parts 15(0.16%) 2(0.58%)  

Malignant tenosynovial giant cell tumor 32(0.35%) 0(0%)  

Ewing sarcoma 1190(12.88%) 115(33.24%)  

Adamantinoma of long bones 39(0.42%) 0(0%)  

Malignant fibrous histiocytoma 2538(27.48%) 96(27.75%)  

Chordoma 647(7.01) 10(2.89)  

Chordoma, NOS 594(6.43%) 10(2.89%)  

Chondroid chordoma 49(0.53%) 0(0%)  

Dedifferentiated chordoma 4(0.04%) 0(0%)  

Distant metastasis   <0.001 

NO 7254(78.54%) 141(40.75%)  

YES 976(10.57%) 155(44.8%)  

Unknown or not applicable 1006(10.89%) 50(14.45%)  

Grade   <0.001 

Ⅰ 855(9.26%) 5(1.45%)  



25 

 

Ⅱ 1184(12.82%) 10(2.89%)  

Ⅲ 1348(14.6%) 72(20.81%)  

Ⅳ 2209(23.92%) 109(31.5%)  

Unknown 3640(39.41%) 150(43.35%)  

Abbreviations: NOS, not otherwise specified 394 

 395 

TABLE 3 Frequency of regional lymph node involvement by histologic subtype  396 

Histologic subtype Number (%) of patients with regional lymph 

node involvement 

Ewing sarcoma 115 (8.81) 

Myxoid chondrosarcoma 16 (4.49) 

Dedifferentiated chondrosarcoma 7 (3.98) 

Osteosarcoma, NOS 58 (3.73) 

Mesenchymal chondrosarcoma 3 (3.7) 

Malignant fibrous histiocytoma 96 (3.64) 

Chondroblastic osteosarcoma 11 (3.41) 

Clear cell chondrosarcoma 1 (2.78) 

Giant cell tumor of bone 4 (2.22) 

Fibroblastic osteosarcoma 2 (1.79) 

Chordoma, NOS 10 (1.66) 

Telangiectatic osteosarcoma 1 (1.14) 

Chondrosarcoma, NOS 21 (1.23) 
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Central osteosarcoma 1 (1.22) 

Abbreviations: NOS, not otherwise specified 397 

 398 

FIGURE LEGEND 399 

Figure 1 This flowchart shows the patient selection process, based on the SEER 400 

dataset. 401 

 402 

Figure 2A-F The graph shows Kaplan-Meier survival curves according to the 403 

presence or absence of regional lymph node involvement in (A) all included patients 404 

with primary malignant bone tumor; (B) patients without distant metastatic disease; 405 

(C) patients with distant metastatic disease; (D) patients with osteosarcoma; (E) 406 

patients with Ewing sarcoma; (F) patients with malignant fibrous histiocytoma.  407 
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 408 

Figure 3 Results and forest plot of Cox proportional hazard regression analysis with 409 

hazard ratio (HR) and 95% confidence intervals (CIs). 410 
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 411 



Figures

Figure 1

This �owchart shows the patient selection process, based on the SEER dataset.



Figure 2

A-F The graph shows Kaplan-Meier survival curves according to the presence or absence of regional
lymph node involvement in (A) all included patients with primary malignant bone tumor; (B) patients
without distant metastatic disease; (C) patients with distant metastatic disease; (D) patients with
osteosarcoma; (E) patients with Ewing sarcoma; (F) patients with malignant �brous histiocytoma.



Figure 3

Results and forest plot of Cox proportional hazard regression analysis with hazard ratio (HR) and 95%
con�dence intervals (CIs).


