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Abstract

PURPOSE: The role of chemotherapy (CT) and radiotherapy (RT) for management of 

extraskeletal osteosarcoma (ESOS) remains controversial. We examined disease outcomes for 

ESOS patients and investigated the association between CT/RT with recurrence and survival.

PATIENTS AND METHODS: Retrospective review at 25 international sarcoma centers 

identified patients ≥18 years old treated for ESOS from 1971–2016. Patient/tumor characteristics, 

treatment, local/systemic recurrence, and survival data were collected. Kaplan-Meier survival and 

Cox proportional hazards regression and cumulative incidence competing risks analysis were 

performed.

RESULTS: 370 patients with localized ESOS treated definitively with surgery presented with 

mainly deep tumors (n=294, 80%). 122 patients underwent surgical resection alone, 96 (26%) also 

received CT, 70 (19%) RT, and 82 (22%) both adjuvants. Five-year survival for patients with 

localized ESOS was 56% (95%CI 51% to 62%). Almost half of patients (n=173, 47%) developed 

recurrence: local 9% (35/370), distant 28% (102/370) or both 10% (36/370). Considering death as 

a competing event, there was no significant difference in cumulative incidence of local or systemic 

recurrence between patients who received CT, RT, both, or neither (local p=0.50, systemic 

p=0.69). Multiple regression Cox analysis showed a significant association between RT and 

decreased local recurrence (HR 0.46 (95%CI 0.26–0.80), p=0.01).

CONCLUSION: While the use of RT significantly decreased local recurrences, CT did not 

decrease the risk of systemic recurrence, and neither CT, RT nor both were associated with 

improved survival in patients with localized ESOS. Our results do not support the use of CT, 

however, adjuvant RT demonstrates benefit in patients with locally resectable ESOS.

Keywords

extraskeletal osteosarcoma; soft tissue osteosarcoma; chemotherapy; radiotherapy; radiation 
therapy

INTRODUCTION

Osteosarcoma (OS) is classically a primary malignant tumor of bone that occurs most 

commonly in adolescents and young adults. Wilson first described the occurrence of 

osteosarcoma at an extraskeletal site in 19411. Since then, extraskeletal osteosarcoma 

(ESOS) has been described in several series2–4; however, a full understanding of optimal 

treatment remains incomplete5. ESOS represents approximately 4% of osteosarcomas and 

less than 1% of soft tissue sarcomas (STS)6,7. Unlike the more common form of OS 

originating in bone, ESOS tends to occur in older patients and is associated with worse 

outcomes2,7,8.
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Chemotherapy (CT) has unequivocally demonstrated decreased risk of metastatic recurrence 

in patients with localized OS of bone, rendering multi-agent chemotherapy with any 

combination of doxorubicin, cisplatin +/− methotrexate or ifosfamide as the standard of care 

in this disease9. In contrast, there is no similar consensus about the role of CT in patients 

with ESOS, nor guidance for the drugs that should be used3,4,10.

In treating patients with conventional OS of bone, radiation therapy (RT) is rarely utilized. 

In contrast, both pre-operative and post-operative RT have been used in the management of 

patients with ESOS, at doses similar to other more conventional types of STS4,10,11.

We therefore sought to review an international experience of treatment for patients with non-

metastatic ESOS in order to address the question of whether RT and/or systemic CT offers 

disease recurrence and/or survival benefit.

METHODS

Patient Information

Twenty-five tertiary-level sarcoma referral centers from Canada, USA, Japan, China, South 

Korea, France, Taiwan, and Germany participated in this study. Each institution obtained 

approval for this study by their local research ethics board, and then performed a 

retrospective review of their prospectively maintained sarcoma database. Inclusion criteria 

for this study were a diagnosis of high-grade non-metastatic extraskeletal osteosarcoma 

(ESOS) at an extremity or truncal site and patient age ≥ 18 years, between 1971 and 2016. 

All patients underwent definitive surgical resection. Retroperitoneal or intra-abdominal 

tumors were excluded. Patient demographics including age and sex were recorded. Tumor 

features including size (small = ≤5cm or large >5cm), depth and anatomic location were 

noted. Treatment details collected included type of surgery and margin status according to 

the R classification: R0 - negative margin, no tumor at the inked margin; R1 – 

microscopically positive margin, tumor present at the inked margin; R2 – grossly positive 

margin12. Patients who underwent only surgical biopsy of their tumor were deemed to have 

not received definitive surgical treatment. Some of the patients enrolled in this study were 

previously included in single institution publications assessing the outcomes of patients with 

ESOS8,13,14.

Information regarding the use of adjuvant therapies including CT and/or RT were also 

collected. The type of CT regimen was categorized as follows: doxorubicin plus either 

cisplatin and/or methotrexate (“osteosarcoma-type”) or doxorubicin plus any agent other 

than cisplatin or methotrexate (“soft-tissue sarcoma type”). If RT was utilized, pre- or post-

operative timing was documented. Lastly, local or systemic disease recurrence and survival 

status were obtained.

Statistical Analysis

An event was defined as first local or distant recurrence from ESOS and was used to 

calculate the time to disease recurrence from initial surgery date. All-cause deaths were 

considered events in the analysis of survival. Statistical analysis was performed using R 

software (version 3.2.2) with the following packages: survival, coxph, coxme, cmprsk, 
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survminer15. Differences in proportions were calculated using the χ2 test, or the Fisher’s 

exact test in instances of small sample sizes. The cumulative probabilities of local and 

systemic recurrence were estimated as described by Prentice et al with death as a competing 

event16,17 The overall survival, from the date of definitive surgery to the date of death (any 

cause), was estimated with the Kaplan and Meier method18, and differences in survival 

between subgroups were evaluated using the log-rank test. A Gray’s test was used to 

compare cumulative incidences between categories19. Univariable and multivariable Cox 

regression models were computed to look for variables associated with these three 

outcomes. The following variables of interest were entered in univariable models: age 

(continuous, in decade), sex, depth of tumor, tumor size (continuous, in centimeter), margin 

status, surgery type, CT, RT, year of treatment. Variables with p-value <0.10 in the 

univariable analysis were entered in the multivariable model. Given the objective of the 

study, RT and CT were forced into the multivariable models regardless their statistical 

significance in univariable models. A center effect was sought for as a random effect and 

tested with a permutation test20; when relevant, mixed effects models were performed. Point 

estimates of hazard ratios with 95% exact confidence intervals are reported for these models.

RESULTS

Patient and Tumor Characteristics

From 1971 to 2016, 451 adults were diagnosed with ESOS. The majority of patients 

presented with localized disease (379, 84%) (Figure 1). The remainder of this paper focuses 

on the 370 patients with localized disease who underwent definitive surgery (Table 1). These 

patients had a median age of 58 years (range 19 to 88 years) with majority being male 

(n=217, 59%). Primary tumor sites varied with the thigh being the most common location 

(n=182, 49%). Most tumors were located deep to the fascia (n=294, 80%). Median tumor 

size in maximal dimension was 8.5 cm (range 1 to 45 cm). The median follow-up time for 

the 370 patients in this study was 3 years (range 0 to 39.6 years)

Treatment

All patients included in the analysis underwent definitive surgical treatment consisting of 

limb salvage in 345 patients (93%) or amputation in 25 patients (7%). There was a fairly 

even distribution between patients undergoing surgery alone (122, 33%), or surgery plus CT 

(96, 26%), surgery plus RT (70, 19%) or surgery plus both (82, 22%) treatments (Table 1).

Chemotherapy

Administration of CT varied according to tumor depth and age at diagnosis (Table 2). A 

greater proportion of patients treated with chemotherapy had deep tumours (150/178, 87%) 

compared to those who did not receive chemotherapy (143/190, 75%, p=0.007). 57% of 

patients aged 19–40 received CT, as did 58% of those 41–65 years, while only 30% of 

elderly patients greater than 65 years received CT (p<0.001). Different types of CT regimens 

were administered (Table 1). In addition to doxorubicin, 86/178 (48%) received 

“osteosarcoma-type” CT that included methotrexate and/or cisplatin, while 58/178 (33%) 

received CT without methotrexate or cisplatin (“soft tissue sarcoma-type”), and in 34 (19%) 

patients the CT regimen details were considered as other or unknown. Controlling for age, 
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sex, depth, size, surgery type (limb salvage vs. amputation), margin status, and receipt of RT, 

there was no significant difference in survival for patients who received either of the CT 

regimens or no CT (osteosarcoma-type chemo p=0.24, STS-type chemo p=0.34, Other/

Unknown chemo p=0.30) (Table 3). Similarly, there was no difference in systemic 

recurrence in patients who received chemotherapy versus those who did not (p=0.45) (Table 

4). Five-year disease-free survival rates were 50.2% (95% confidence interval [CI] 42.9 – 

58.8) for patients who received no chemotherapy, 57.4% (95% CI 45.6 – 69.6) for 

osteosarcoma-type chemotherapy and 43% (95% CI 30.9 – 59.8) for STS-type 

chemotherapy (p=0.3).

Outcome

Almost half (n=173, 47%) of patients developed recurrent disease, and these were in the 

form of local recurrence, metastases or both in 9% (35/370), 28% (102/370), and 10% 

(36/370) of patients, respectively. The 5-year disease-free survival (any recurrence) rate was 

50% (95%CI 45% – 56.2%) and overall survival was 56% (95%CI 50.6 – 62.1%). The 2- 

and 5-year local control rate was 80% (95%CI 75–95%) and 76% (95%CI 71–81%), while 

the 2- and 5-year distant metastatic-free survival was 64% (95%CI 59–69%) and 58% 

(95%CI 52–64%). The majority of systemic recurrences were to the lungs. The median time 

to first recurrence (local or distant) was 7.0 months (range 1 month to 13 years). Median 

time to systemic recurrence was also 7.0 months (range: less than 1 month to 13 years), 

while the median time to local recurrence was 9.5 months (range: less than 1 month to 11.6 

years). Considering death as a competing event, there was no significant difference in the 

cumulative incidence of local recurrence or systemic recurrence between patients who 

received chemotherapy, radiotherapy, both, or neither (local recurrence p=0.50, systemic 

recurrence p=0.69, Figures 2 and 3). Figure 4 demonstrates that there was not a significant 

difference in cumulative incidences of local recurrences or systemic recurrences considering 

competing deaths for RT or CT use, respectively. Administration of RT varied only by age of 

the patient. A smaller proportion of younger patients aged 19–40 years received RT (25%) 

compared to patients aged 41–65 years (48%) or older than 65 years (38%, p=0.003; Table 

2). In order to account for possible changes in radiotherapy techniques over the study period, 

year of surgery was tested as a continuous variable and included in the regression model and 

was not statistically significant, p=0.53 (Table 5).

Two-year overall survival by Kaplan-Meier was 76% (95%CI 72% to 81%). Five-year 

survival was 56% (95%CI 51% to 62%) (Figure 5). The median time to death for the 159 

patients who died throughout the entire study period was 25 months (2.1 years, range 1 

month to 27.7 years). Patients who were not known to have died during the study period 

(n=211) had a median follow-up of 54 months (4.5 years, range 0 to 39.6 years).

Factors Predicting Outcome

For the 370 patients who underwent definitive surgical resection, margin status was as 

follows: negative (R0), 309 (85%); microscopically positive (R1), 36 (10%); and grossly 

positive (R2), 19 (5%) (Table 1). Six patients had unknown margin status. Local recurrence 

occurred in 68/370 (18%) patients, which was correlated with margin status (R0: 45/309 

(15%) vs R1: 13/36 (36%) vs.R2: 10/19 (53%) , p<0.001).
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An effect of the treating institution was found in univariate analysis for local recurrence 

(p=0.004) and overall survival (p=0.015), but not for systemic recurrence (p=0.11) or 

disease-free survival (p=0.26), and not by multivariate analysis for any of these outcomes 

(Tables 4–7). Controlling for age, depth of tumor, size of tumor, margin status, 

chemotherapy, year of treatment, and treating institution, there was a significant association 

between RT and local recurrence (HR 0.46 (95%CI 0.26–0.80), p=0.01) with an unadjusted 

5-year local control rate of 82% in patients receiving RT compared to 77%). In this model, 

depth of tumor and margin status were also significant factors associated with risk of local 

recurrence (Table 5). Use of adjuvant CT was not associated with decreased local recurrence 

(HR 1.14 (95%CI 0.69 – 2.01 p=0.64).

Conversely, after controlling for age, depth of tumor, size of tumor, margin status, and RT, 

the use of CT did not show a significant association with the risk of systemic recurrence, 

p=0.45. Only depth of tumor and size of tumor was associated with systemic recurrence 

(Table 4).

Neither RT nor CT demonstrated a statistically significant association with disease-free or 

overall survival (Tables 6–7). Tumor size, depth and margin status were associated with both 

disease-free and overall survival, whereas increasing patient age was only associated with 

worse survival (Table 7).

DISCUSSION

In this largest series to date of patients with localized ESOS, we were unable to demonstrate 

any positive effect of systemic CT on local or systemic recurrence, or survival. However, the 

use of RT decreased local recurrences. Considering the well known resistance of 

conventional osteosarcoma of bone to radiotherapy, our observations lend credence to the 

ethos that ESOS behaves more similar to STS, rather than OS of bone. ESOS is known to be 

somewhat different from classical bone OS, and our study suggests that the benefits of CT 

which are well documented for conventional bone osteosarcoma do not translate to ESOS9. 

Interestingly, patients with non-osteogenic spindle cell sarcomas of bone (e.g. 

undifferentiated pleomorphic sarcoma, leiomyosarcoma) have improved survival following 

treatment with chemotherapy compared to their histologically similar STS counterparts 

which do not21–23. These examples support the idea that tumor site is a more important 

determinant of biological behavior than histology alone, and that the same histological type 

of sarcoma can demonstrate a different biological behavior depending on its site of origin.

In our series of 370 patients with localized ESOS the 5-year survival was 56%, comparable 

to 51% in a recent study of 211 patients by the European Musculoskeletal Oncology Society 

(EMSOS)24, and similar to prior smaller reports on the outcome of patients with ESOS3,4,11.

Since there is disparity between the roles of CT and RT in ESOS and OS of bone, 

understanding the role for CT and/or RT in the treatment of patients with ESOS was central 

to our study. Our most important result was that treatment with RT did decrease local 

recurrence of tumor. In the univariate Cox analysis, the hazard ratio for RT showed a large 

effect size at 0.64; this effect size became greater with multivariable analysis (HR = 0.46) 
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and was statistically significant. This would seem to indicate that RT is given to patients 

more at risk of having a local recurrence, so when the effect of other covariates is removed, 

the true effect is the result of our multivariable analysis. Similarly, the likelihood that 

patients treated with RT had more aggressive tumors explains the finding that the cumulative 

incidences did not show a significant difference between RT/No RT groups as likely the 

competition from death is more pronounced for the RT group.

It is important to compare the results of our study with 370 ESOS patients with localized 

disease to the previously published EMSOS study of 266 patients of which only 211 

presented without metastases. Although RT did confer a significant reduction in the risk of 

local recurrence in our study, we were unable to demonstrate a benefit of CT for either 

systemic recurrence or survival. While the EMSOS study did not find a reduction in overall 

local relapse with radiation treatment, there was close statistical significance for RT 

decreasing local relapse in patients with tumours greater than 5cm +/− R0 margins. RT was 

used in approximately 40% of patients in both studies. In addition, the EMSOS investigation 

reported a significant benefit of CT in disease-free and overall survival24. In contrast, the 

EMSOS investigation included a proportion of pediatric patients younger than in our study - 

7.5% of patients in the EMSOS group were under the age of 18 years whereas our cohort 

included only adults starting at age 19 years. A greater proportion of younger patients in the 

EMSOS study received CT compared to older patients (87% for those <=18 years and 78 % 

for ages 19–40 years compared with 69% for those 41–65 years and 20.6% in those >65 

years). In our study, the age-related differences in chemotherapy administration were not as 

striking (19–40 years 57%, 41–65 years 57%, >65 years 29%). Consequently, the EMSOS 

analysis suggested a survival benefit with CT in contrast to the negative result found in our 

study.

Three recent single institution studies evaluating the outcomes of patients with ESOS each 

contributed individual patient-level data to this investigation. Comparing their results 

demonstrates the limitations of studies with small sample sizes and limited power. Paludo et 

al., assessed 43 patients with ESOS including 37 with localized disease and found 5-year 

overall survival of the entire cohort to be 45%14. Chemotherapy was found to significantly 

improve survival only if it included cisplatin. Although RT did not significantly improve 

local control, local recurrences occurred less commonly in patients treated with RT (2/14, 

14%) compared to those who did not receive RT (3/8, 37%). Choi et al. examined 53 

patients with ESOS including 42 with localized disease who had a 3-year disease-specific 

survival of 62%8. Neither CT nor RT reduced metastases or local recurrences. In 36 patients 

with localized ESOS, Fan et al. found 5-year disease-specific survival of 53%13. 

Radiotherapy significantly improved local control. Interestingly, although CT treatment with 

doxorubicin and ifosfamide also significantly decreased local recurrences for patients with 

AJCC stage III disease, it did not improve disease-specific survival. The reported survival in 

these three studies is similar to our results showing 56% at 5 years.

Our series includes patients treated at high volume sarcoma specialty centers which all 

maintain prospective databases. With an international representation, this study demonstrates 

a collaboration to determine a collective result that would not have been possible with a 

single or even a few institutions. Nonetheless, treatment decisions at each center on whether 
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or not to offer CT or RT to individual patients were made based on clinical judgements 

and/or institutional treatment policies which were not captured in this retrospective review, 

thereby limiting our interpretations. Our study is limited by its retrospective nature including 

biases of selection, recall, and outcomes that are inherent to these types of investigations. 

Diagnosis of ESOS was at the judgment of each individual institution based on 

histopathological observation of an osteosarcoma located in the soft tissues and not in 

continuity with any bone. Central pathology review was not performed for this study, and 

thus is a limitation. However, all institutions in this study are tertiary sarcoma centers where 

multidisciplinary review of diagnoses is routine. Similarly, evaluating the intensity of 

treatment for patients who received CT and the response to CT was beyond the scope of this 

study. However, we did attempt to control for the different CT regimens used in our study by 

classifying each as either osteosarcoma-type or soft tissue sarcoma-type, in line with the 

definitions used in the EMSOS study. Given the rarity of ESOS, our study encompasses a 

time frame over 45 years that may have included treatment variations with the passage of 

time, especially in relation to the quality of pre-operative imaging, pathology and 

radiotherapy techniques. A limitation of our study is that we did not have complete 

information on radiation therapy doses. We examined for the possibility of temporal 

influences such as the development of newer RT techniques such as intensity-modulated 

radiation therapy (IMRT); however, analysis including year of treatment revealed that it did 

not have a significant effect.

Between this study and the recent EMSOS investigation, we have likely gathered the 

majority of ESOS patients treated in the last 40 years. Encouragingly, this study has 

demonstrated the feasibility of a multi-institutional collaborative with a commitment for 

investigating a rare entity in the sarcoma community.

CONCLUSION

This series of 370 patients with localized ESOS who underwent definitive surgical treatment 

is the largest to date in the literature. Combined modality therapy with surgery and RT 

resulted in a significantly decreased risk of local recurrence. Furthermore, CT did not 

decrease the risk of systemic recurrence, and neither chemotherapy, radiation therapy nor 

both were associated with improved survival in patients with localized ESOS. Thus our 

results do not support the routine use of CT for patients with ESOS, but rather combined 

modality local therapy with surgery and RT should be considered for patients with locally 

resectable disease.
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Figure 1. 
Cohort flow diagram of patients
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Figure 2. 
Cumulative incidence of local recurrence considering competing deaths
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Figure 3. 
Cumulative incidence systemic recurrence considering competing deaths
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Figure 4. 
Cumulative incidence curves of local recurrence based on RT and of systemic recurrence 

based on CT
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Figure 5. 
Kaplan-Meier survival curve for the entire cohort of 370 patients with localized ESOS who 

underwent definitive surgical resection
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Table 1

Demographic, Tumor, and Treatment Characteristics of Patients presenting with localized ESOS who 

underwent definitive surgery (N=370)

Age
(yrs)

Median 58

Range 19 – 88

Age (categorical) 19 to 40 years 61 (16.5)

41 to 65 years 184 (49.7)

65 years and older 125 (33.8)

Sex Male (%) 217 (58.6)

Female (%) 153 (41.4)

Depth of Tumour Superficial (%) 71 (19.2)

Deep (%) 294 (79.5)

Unknown (%) 5 (1.3)

Maximal Diameter of Tumour
(cm)
19 NAs

Median 8.5

Range 1 – 45

Maximal Diameter (categorical)
19 NAs

<= 5cm 83 (23.6)

5 to 10cm 132 (37.6)

> 10cm 136 (38.7)

Location of Tumour Thigh 182 (49.2)

Pelvis/Buttocks 46 (12.4)

Trunk 42 (11.4)

Shoulder/Arm 38 (10.3)

Leg 29 (7.8)

Elbow/Forearm 14 (3.8)

Knee 9 (2.4)

Ankle/Foot 4 (1.1)

Hand 3 (0.8)

Face 3 (0.8)

Radiation Therapy No 218 (58.9)

Yes 152 (41.1)

Chemotherapy No 190 (51.4)

Yes 178 (48.1)

Unknown 2 (0.5)

Type of Chemotherapy “osteosarcoma-type”: methotrexate or cisplatin-based 86 (48.3)

“STS-type”: no methotrexate or cisplatin 58 (32.6)

Other / Unknown 34 (19.1)

Adjuvant or Neoadjuvant Therapy Neither Chemo nor Rads 122 (33.0)

Chemo Only 96 (25.9)

Rads Only 70 (18.9)

Chemo and Rads 82 (22.2)

Type of Surgery Limb Salvage 345 (93.2)

Amputation 25(6.8)
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Margins
6 NAs

Negative 309 (84.9)

Micro + 36 (9.9)

Gross + 19 (5.2)

(NA = not available, STS=soft tissue sarcoma)
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Table 2

Comparison of demographics for patients with localized ESOS who received CT vs no CT, and patients who 

received RT vs no RT

No 
Chemotherapy

N=190

Received 
Chemotherapy

N=178

p-value No 
Radiotherapy

N=218

Received 
Radiotherapy

N=152

p-
value

Age
(yrs)

Median 64 55 <0.001* 58 59 0.20

Range 21 – 88 19 – 79 19 – 88 21 – 88

19–40 years 26 (42.6) 35 (57.4) <0.001* 46 (75.4) 15 (24.6) 0.003*

41–65 years 78 (42.4) 106 (57.6) 95 (51.6) 89 (48.4)

>65 years 86 (69.9) 37 (30.1) 77 (61.6) 48 (38.4)

Sex Male 108 (56.8) 108(60.7) 0.46 121 (55.5) 96 (63.2) 0.16

Female 82 (43.2) 70 (39.3) 97 (44.5) 56 (36.8)

Depth of 
Tumour

Superficial 47 (24.7) 23 (13.3) 0.007 * 49 (22.6) 22 (14.9) 0.08

Deep 143 (75.3) 150 (86.7) 168 (77.4) 126 (85.1)

Maximal 
Tumor 
Diameter
(cm)
19 NAs

Median 8.1 8.8 0.32 8.4 9.1 0.40

Range 1.4 – 45.0 1.0 – 42.0 1.0 – 45.0 1.0 – 42.0

Margin 
Status

Negative (R0) 156 (83.4) 151 (86.3) 0.58 187 (87.4) 122 (81.3) 0.27

Microscopi c 
positive (R1)

19 (10.2) 17 (9.7) 17 (7.9) 19 (12.7)

Gross 
positive (R2)

12 (6.4) 7 (4.0) 10 (4.7) 9 (6.0)

(NA = not available)
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Table 3

Cox proportional hazards multiple regression analyses for outcomes of cause-specific mortality for patients 

with localized ESOS at diagnosis based on different chemotherapy regimens

Variable HR 95% CI P

Specific Chemo Regimen

 No Chemo Ref

 OSA-type 0.75 (0.46 – 1.22) 0.24

 STS-type 1.28 (0.78 – 2.10) 0.34

 Other 0.69 (0.34 – 1.40) 0.30

OSA=osteosarcoma

STS=soft tissue sarcoma

(†adjusted for age, sex, depth, size, surgery type, margin status, radiation)
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Table 4

Cox proportional hazards multiple regression analyses for outcome of systemic recurrence

Variable Univariable regression Multivariable model

HR (95% CI) P HR (95% CI) P

Age (per decade increase in age) 1.13 (1.02 – 1.26) 0.02 * 1.09 (0.96 – 1.23) 0.18

Depth (deep vs superficial) 3.00 (1.69 – 5.31) <0.001 * 2.42 (1.28 – 4.60) 0.007 *

 Maximal Diameter (cm) 1.06 (1.04 – 1.08) <0.001 * 1.05 (1.02 – 1.07) <0.001 *

Margin

 Micro + vs Negative 1.32 (0.76 – 2.30) 0.33 1.22 (0.69 – 2.16) 0.50

 Gross + vs Negative 1.54 (0.75 – 3.17) 0.24 1.48 (0.71 – 3.08) 0.30

Radiotherapy (yes vs no) 1.15 (0.82 – 1.61) 0.41 1.05 (0.74 – 1.50) 0.79

Chemotherapy (yes vs no) 0.98 (0.70 – 1.37) 0.90 0.86 (0.60 – 1.26) 0.45

†† Treating Institution n/a 0.11 - -

(†Variables in model selected based on a priori determination (CT and RT) and univariable cox analysis with p<0.10)

(†† Controlling for random effects of treating institution)

(n=343, 27 observations deleted due to missingness)
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Table 5

Cox mixed-effects multiple regression analyses for outcome of local recurrence

Variable Univariable regression Multivariable model

HR (95% CI) P HR (95% CI) P

Age (per decade increase in age) 1.05 (0.91 – 1.22) 0.49 1.13 (0.95 – 1.34) 0.18

Depth (deep vs superficial) 3.37 (1.46 – 7.80) 0.004 * 3.27 (1.20 – 8.21) 0.02 *

Maximal Diameter (cm) 1.05 (1.02 – 1.08) 0.002 * 1.03 (0.99 – 1.07) 0.15

Margin

 Micro + vs Negative 3.24 (1.74 – 6.03) <0.001 * 3.76 (2.20 – 8.44) <0.001 *

 Gross + vs Negative 5.18 (2.60 – 10.30) <0.001 * 5.28 (2.54 – 11.32) <0.001 *

Radiotherapy (yes vs no) 0.64 (0.39 – 1.05) 0.07 0.46 (0.26 – 0.80) 0.01 *

Chemotherapy (yes vs no) 1.00 (0.63 – 1.59) 0.99 1.14 (0.69 – 2.01) 0.64

Year of Treatment 1.03 (0.99 – 1.06) 0.12 1.01 0.53

††Treating Institution n/a 0.004 n/a 1

(†Variables in model selected based on a priori determination (CT and RT) and univariable cox analysis with p<0.10), ††Controlling for random 
effects of treating institution)

(n=343, 27 observations deleted due to missingness)
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Table 6

Kaplan Meier and Cox Proportional Hazards Analysis for Disease Free Survival (DFS)

% DFS (95%CI)

Disease Free Survival
(3 NAs)

1-year 68.8 (64.1 – 73.9)

3-year 53.0 (47.8 – 58.7)

5-year 50.3 (45.0 – 56.2)

Variable Univariable regression Multivariable model

HR (95% CI) P HR (95% CI) P

Age (per decade increase in age) 1.08 (0.98 – 1.19) 0.09 1.06 (0.95 – 1.18) 0.29

Depth (deep vs superficial) 2.55 (1.58 – 4.11) <0.001 * 2.15 (1.25 – 3.68) 0.006 *

 Maximal Diameter (cm) 1.06 (1.04 – 1.08) <0.001 * 1.04 (1.02 – 1.07) <0.001 *

Margin

 Micro + vs Negative 1.68 (1.06 – 2.66) 0.03 * 1.63 (1.01 – 2.64) 0.04 *

 Gross + vs Negative 1.81 (0.98 – 3.36) 0.06 1.67 (0.88 – 3.16) 0.11

Radiotherapy (yes vs no) 0.99 (0.73 – 1.34) 0.96 0.92 (0.66 – 1.27) 0.61

Chemotherapy (yes vs no) 0.96 (0.72 – 1.30) 0.81 0.87 (0.62 – 1.22) 0.42

Treating institution n/a n/a 0.26

(†Variables in model selected based on a priori determination (CT and RT) and univariable cox analysis with p<0.10), ††Controlling for random 
effects of treating institution)

(n=343, 27 observations deleted due to missingness)
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Table 7

Kaplan Meier and Cox Proportional Hazards Analysis for Survival

% Survival (95%CI)

Overall
(3 NAs)

1-year 89.3 (86.1 – 92.6)

3-year 66.0 (61.0 – 71.5)

5-year 56.1 (50.6 – 62.1)

Variable Univariable regression Multivariable model

HR (95% CI) P HR (95% CI) P

Age (per decade increase in age) 1.27 (1.14 – 1.41) <0.001 * 1.27 (1.13 – 1.44) <0.001*

Depth (deep vs superficial) 2.79 (1.66 – 4.68) <0.001 * 2.58 (1.43 – 4.68) 0.002 *

 Maximal Diameter (cm) 1.05 (1.03 – 1.07) <0.001 * 1.04 (1.02 – 1.06) <0.001 *

Margin

 Micro + vs Negative 1.81 (1.14 – 2.89) 0.01 * 1.95 (1.20 – 3.17) 0.007 *

 Gross + vs Negative 1.97 (1.06 – 3.67) 0.03 * 2.01 (1.03 – 3.89) 0.04 *

Radiotherapy (yes vs no) 1.18 (0.86 – 1.61) 0.30 0.99 (0.71 – 1.39) 0.96

Chemotherapy (yes vs no) 0.90 (0.66 – 1.23) 0.51 0.85 (0.60 – 1.21) 0.38

Treating institution n/a 0.015 n/a 1

(†Variables in model selected based on a priori determination (CT and RT) and univariable cox analysis with p<0.10), ††Controlling for random 
effects of treating institution)

(n=343, 27 observations deleted due to missingness)
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