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Abstract

Purpose—Determine the rate of local failure (LF) using focal conformal, limited margin 

radiotherapy (RT) and dose escalation for tumors ≥ 8cm (greatest dimension at diagnosis) in 

children and young adults with Ewing sarcoma (EWS).

Methods and Materials—Eligible patients with EWS were treated on a Phase II institutional 

trial of focal conformal, limited margin RT using conformal or intensity modulated techniques. 

The treatment volume incorporated a 1cm constrained margin (CTV1) around the gross tumor. 

Unresected tumors, <8cm at diagnosis, received a standard dose of 55.8Gy and tumors ≥8cm an 
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escalated dose to 64.8Gy. Patients with microscopic residual disease after resection received 

adjuvant RT to 50.4Gy. Adjuvant brachytherapy was permitted in selected patients.

Results—Forty-five patients were enrolled, 26 with localized and 19 with metastatic disease. 

Median (range) age, tumor size and follow-up were 13.0 years (2.9–24.7), 9.0cm (2.4–17.0) and 

54.5 months (1.9–122.2), respectively. All patients received systemic chemotherapy. The median 

(range) RT dose for all patients was 56.1Gy (45–65.5). Seventeen patients received adjuvant, 16 

standard dose and 12 escalated dose RT. Failures included 1 local, 10 distant and 1 local/distant. 

The estimated 10-year cumulative incidence of LF was 4.4% ± 3.1%, with no statistical difference 

seen between RT treatment groups and no local failures in the escalated dose RT treatment group.

Conclusions—Treatment with focal conformal, limited margin RT, including dose escalation for 

larger tumors, provides favorable local tumor control in EWS.

Introduction

Ewing Sarcoma (EWS) is a small round cell neoplasm characterized by a recurring 

translocation involving the EWS gene on chromosome 22 and the ETS family of 

transcription factors. EWS accounts for approximately 3% of pediatric cancers and 40% of 

pediatric bone cancers. Roughly 25% of patients present with metastatic disease, the most 

significant poor prognostic factor. Outcomes for patients with localized disease have 

improved, with recently reported survival rates of 75%. Patients with metastatic disease 

continue to do poorly with survival rates around 25%1–8. Additional reported poor 

prognostic factors include primary disease site (axial), older age and larger tumor size. Data 

from our institution showed local control rates of 90% for smaller tumors (<8cm in greatest 

single dimension), but only 52% for larger tumors (≥8cm in greatest dimension)4,9.

Treatment for EWS consists of a multidisciplinary approach, including systemic 

chemotherapy and local control (surgery and/or radiotherapy [RT]). A challenge of using RT 

for the treatment of pediatric sarcomas is the difficulty in balancing the administration of 

high RT doses needed to achieve a good therapeutic response with protecting nearby 

developing tissues. Historically, conventional RT was used as definitive RT to patients with 

EWS, but this approach delivers high doses to surrounding normal tissues. Focal conformal 

RT techniques, in conjunction with limited margin target volumes, may allow for sparing of 

normal tissues while still maintaining adequate therapeutic doses of RT to the tumor 

site10–14.

When comparing local control strategies, definitive RT has been reported to have higher 

rates of local failure compared to surgery, although overall disease control remained 

similar8,15. For tumors in locations not amenable to surgery, RT is the only local control 

method2,16,17. Recommendations for treatment planning of definitive RT historically 

included the pretreatment tumor volume, determined at diagnosis, with a 2.0–2.5cm margin 

and for adjuvant RT, a 1.5–2.0cm margin9,14. Recent studies have attempted to decrease this 

margin, including the Children’s Oncology Group which used a 1.5cm margin in their 

AEWS0031 protocol18 and are currently investigating using a 1.0cm margin.
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We designed a prospective, phase II study to determine local tumor control rates using focal 

conformal, limited-margin RT for children and young adults with primary musculoskeletal 

tumors, including EWS. We designed the trial to explore the safety and efficacy of using 

dose-escalated RT as definitive local control for tumors ≥8cm in greatest dimension at 

diagnosis, a cohort that historically has high rates of local failure1,4–6,19. This trial was not 

powered to compare the standard and dose escalated cohorts but rather to evaluate the 

efficacy and toxicity profiles of this approach.

Methods and Materials

Patient Eligibility and Radiation Treatment Plan

Patients aged ≤25-years-old, diagnosed with localized or metastatic EWS and requiring RT 

as part of their therapy, were eligible to participate in an institutional review board approved 

Phase II study of limited-margin RT (NCT00186992). Receipt of prior RT was allowed for 

cases requiring emergent RT to the primary site of disease for ≤1 week, if the dose was 

accounted for in analysis. After an initial treatment period with chemotherapy, RT to the 

primary site of disease was delivered in conjunction with chemotherapy as dictated by the 

treating oncologist. Chemotherapy was then continued after the completion of RT. Patients 

with residual tumor (microscopic or macroscopic) after surgical resection of their primary 

tumor were eligible for adjuvant RT. Metastatic site irradiation was not defined in the 

protocol, but followed the standard at the time of treating residual visible metastatic disease, 

either at the time of local control or near the completion of all chemotherapy.

Focal conformal RT target volumes were based on the International Committee on Radiation 

Units and Measurements (ICRU) report 50 and were generated based on CT and MRI 

planning datasets, obtained in the treatment position. MRI datasets were co-registered to the 

CT to help fully define target volumes. If available, pre-therapy and pre-surgery imaging 

datasets were also co-registered or fused to assist in defining the target volumes. In the post-

operative setting, the gross tumor volume (GTV) was defined as the postoperative tumor 

bed, following the collapsed tumor bed and respecting fascial planes and adjacent bones. In 

the definitive setting, the GTV included residual gross tumor, initially involved bone, and 

adjacent soft tissues such as pleural or fascial surfaces felt to be initially infiltrated, but 

would not regress back to the involved bone with the soft tissue mass. Clinical target volume 

(CTV1) consisted of the GTV plus a 1cm margin, respecting anatomic barriers that limit 

tumor spread including adjacent bones, non-infiltrated organs and fascial planes that 

appeared intact on initial imaging. CTV2 added no margin to the GTV (CTV2=GTV). The 

planning target volumes (PTVs) ranged from 5–10mm. There was no PTV for brachytherapy 

cases.

Radiation was delivered via conformal RT, intensity-modulated RT (IMRT), interstitial 

brachytherapy or a combination of these modalities. External beam radiation was delivered 

with 6- or 15-MV photons, in 1.8Gy fractions. Brachytherapy was delivered with 

iridium-192 low or high dose rate sources. RT was categorized into 3 dosing groups based 

on tumor size at diagnosis (measured in the greatest dimension) and the degree of surgical 

intervention. Patients treated with definitive RT received 45 Gy to CTV1 (and its respective 

PTV), and either 55.8 Gy (standard dose for tumors <8cm) or 64.8Gy (escalated dose for 
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tumors ≥8cm) to CTV2 (and its respective PTV). For patients receiving adjuvant RT, 50.5 

Gy was delivered to CTV1 (and its respective PTV), with no CTV2. Post-operative 

brachytherapy was dosed at 15 to 20Gy. When brachytherapy was combined with external 

beam RT, the total cumulative radiation dose was 45 to 58.6Gy. Any deviations to these 

protocol dosing guidelines were made based on the need for protection of adjacent normal 

tissues.

Assessments

After completion of RT, patients were followed every 3 months for 1 year, every 6 months 

for the second year and then yearly for a total of 10 years. Follow-up visits included history, 

physical exam, functional evaluation with physical/occupational therapy, MRI of the primary 

tumor site and chest CT for the first 5 years. PET CT was performed every 6 months for 1 

year, then again at 2 years post-therapy. A bone scan was ordered as clinically indicated by 

the PET CT findings.

Radiation specific treatment related toxicity data was collected weekly during therapy and at 

each follow-up visit according to the Common Toxicity Criteria, version 2.0. A toxicity 

event was classified as short term if it occurred within 90 days of undergoing RT. If a 

toxicity event occurred more than 90 days from the start of RT, it was classified as long 

term. If a patient developed any event or failure, they were taken off study and no longer 

followed for the development of another event/failure or for late toxicity from RT.

Statistical Analysis

The primary end point of this trial was evaluation of the rate of local failure for the entire 

cohort. Subgroup analysis was performed based on patient disease status and RT dosing 

group to explore for any possible relationships, but this trial was not powered to compare 

outcomes for the dose-escalated subgroup with the standard dose population. Local failure 

was defined as tumor recurrence or progressive disease within the original CTV, as seen on 

imaging or biopsy. Recurrence at the edge of the CTV was classified as a local failure as 

well. Distant failure was defined as the development of any new metastatic disease. Three 

patients were not included in RT dosing subgroup analysis as they received RT treatment 

prior to the implementation of escalated dose RT. They were included in the category of 

standard dose RT for patient population and toxicity analysis.

Survival curves were estimated using the Kaplan-Meier method and compared by the Log-

rank test. Cumulative incidence curves of local failure were estimated using the competing 

risks method and compared by Gray’s test, with competing risks being the development of 

distant failure or secondary malignancy. Event-free survival (EFS) and failure-free survival 

(FFS) analysis was conducted based on patient disease status. EFS was defined as the 

interval from the date of enrollment on study to the date of development of local failure, 

distant failure or secondary malignancy, or to the date of last follow-up. FFS was defined as 

the interval from the date of enrollment on study to the date of development of local/distant 

failure.
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Results

Patient Population

Forty-five patients with EWS were enrolled on this study and received RT from January 

2003 to May 2013. At the time of analysis, 13 patients had been taken off study due to 

development of an event or failure. Patient characteristics are summarized in Table 1. The 

median age at the time of study enrollment was 13.0 years (range, 2.9 – 24.7 years). The 

median follow-up of all patients remaining on study at the time of analysis was 54.5 months 

(range, 1.9 – 122.2 months), with 30 patients on study for at least 36 months and 7 patients 

for 108 months. There were no patient deaths while on-study. No patients were lost to 

follow-up.

Patients received an average of 18.9 weeks of systemic chemotherapy prior to undergoing 

RT. Forty-three patients received a regimen of alternating cycles of vincristine, doxorubicin, 

cyclophosphamide with ifosfamide and etoposide, every 2 (10 pts.) or 3 (33 pts.) weeks 

depending on the era. One patient had relapsed disease at time of enrollment and received a 

chemotherapy regimen of vincristine, temozolamide and irinotecan. One patient had 

progressive disease prior to beginning local control with RT, and changed from a 

chemotherapy regimen of VDC/IE to cyclophosphamide and topotecan. Six patients had 

upfront surgical resection, 10 patients had delayed surgical resection and 1 patient received 

RT prior to planned surgical intervention, but progressed during the pre-operative time 

period. The median (range) RT dose for all patients was 56.1Gy (45.0–65.5). Seventeen 

patients received adjuvant RT (50.6Gy, 45.0–58.6), including 3 patients who received 

brachytherapy (all for involved soft tissue surgical margins), 1 dosed at 45.0Gy with a low-

dose rate technique delivered over 5 days, and 2 given in conjunction with external beam RT 

(brachytherapy delivered with a high-dose rate technique – 13.6Gy/4 fractions) to a total 

dose of 58.6Gy. Twelve patients received escalated dose RT (64.4Gy, 60.0–65.5). Sixteen 

patients received standard dose RT (55.7Gy, 54.0–58.6); this includes 3 patients who had 

tumors ≥8 cm at diagnosis, but were treated on study prior to the implementation of 

escalated dose RT. Dose ranges accounted for alterations of the prescription to protect 

normal tissues.

Ten of the 19 patients with metastatic disease received RT to at least one metastatic site, 

typically if the site remained visible on CT or MR imaging. Whole lung RT was only used in 

2 patients at the completion of therapy, while auto-transplant was used in 11 patients. Two 

patients received whole pleural surface RT in conjunction with their primary site RT to a 

dose of 30Gy. All 4 patients with bone involvement requiring RT received it at the same time 

as thier primary site RT.

From 2003–2007 patient had their set up verified by orthogonal EPID/x-ray imaging twice 

weekly. After 2007 CBCT was routinely used for daily set-up.

Outcomes

In this 45 patient cohort, 13 (28.9%) experienced events and 12 (26.7%) had failures. In the 

localized group there were 5 events: 3 distant failures, 1 local/distant failure and 1 local 

failure. Both local failures occurred within the RT field. In the metastatic patient group there 
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were 8 events: 7 distant failures and 1 secondary malignancy. The 5-year EFS was 79.9% 

± 9.9% for the localized group and 56.1% ±14.1% for the metastatic group. This difference 

in EFS was not statistically significant (p=0.14) (Figure 1). Subgroup FFS analysis was 

performed within the localized and metastatic cohorts using tumor size at diagnosis (<8cm 

vs. ≥8 cm, in greatest dimension), age at diagnosis (<14 vs. ≥14-years-old), osseous status 

(osseous vs. extra osseous primary disease) and site of primary disease (pelvis vs. other). No 

statistically significant difference in FFS was seen within the four subgroups, in either 

cohort.

The estimated 10-year cumulative incidence (CI) of local failure (LF) among the entire 

cohort of 45 patients was 4.4% ± 3.1%. The 10-year CI of LF within the standard and 

adjuvant dose RT cohorts was 7.7% ± 7.7% and 5.9% ± 5.9%, respectively. No local failures 

occurred in the escalated RT dose cohort. The difference in LF among the three RT dosing 

groups was not statistically significant (p=0.65) (Figure 2). No local failures were seen in the 

3 patients that were treated with standard dose RT prior to the implementation of escalated 

dose RT. Within the adjuvant RT group, 3 failures occurred in patients that underwent 

upfront surgical resection (2 distant, 1 local/distant) and 1 failure in the single patient that 

received pre-operative RT (distant).

The patient with local/distant failures was a 16-year-old male with localized EWS of the 

right sacroiliac region (14.2cm in greatest dimension at diagnosis). His treatment consisted 

of systemic chemotherapy, delayed surgical resection and adjuvant RT (50.4Gy). He was 

found to have local failure 4.5 months after completion of RT. The patient with only local 

failure was an 18-year-old male with localized EWS of the ilium (4.5cm in greatest 

dimension at diagnosis). His treatment included systemic chemotherapy and standard dose 

RT (55.8Gy). He was found to have local failure 9 months after completion of RT.

Toxicity

The highest graded short and long term toxicities observed for each patient, in each toxicity 

category, is summarized in Table 2. The highest graded short and long term toxicities 

observed for each patient, across all toxicity categories, is summarized according to RT 

dosage group in Table 3. All patients on study (n=45) experienced at least one short term 

toxicity. No short term toxicities related to recall reaction, arthritis or early osteonecrosis 

were seen. As expected, the most common short term toxicity was radiation-induced 

dermatitis (82%). Of the 8 patients who developed grade III short term toxicities, six had 

radiation-induced dermatitis and two had pain at the radiation site. One short term grade IV 

toxicity was observed, a 7th rib fracture in the RT field in a 13-year-old male with primary 

disease of the right thorax and pulmonary metastatic disease at diagnosis, who received 

adjuvant RT (50.4Gy) after upfront surgical resection.

Forty-four patients (n=44) were evaluated for long term toxicities. Of the 40 patients that 

developed long term toxicities, 7 were grade III and 3 were grade IV. No patients developed 

renal or hepatic long term toxicities. The grade III long term toxicities were related to bone 

(1), joint (2), skin (1) and subcutaneous tissues (3). Two long term grade IV toxicities 

involved development of necrosis/spontaneous fracture in a bone, with both instances 

occurring within the RT field. The first patient was a 6.8-year-old male who had upfront 
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resection of localized EWS of the right thorax. Six months after completion of adjuvant RT 

(50.4Gy), he was found to have a healing right 9th rib fracture. The second patient was a 21-

year-old female with primary disease of the right fibula and pulmonary metastatic disease. 

Twenty months after completion of escalated dose RT (64.8Gy), she was found to have a 

displaced right fibula fracture and a probable healing right tibia stress fracture. The third 

long term grade IV toxicity was the development of a secondary malignancy in a 9-year-old 

female with primary disease of the left sacrum and pulmonary metastatic disease. Four years 

after completion of standard dose RT (55.8Gy), she developed secondary osteosarcoma 

within the original RT treatment field.

Discussion

Local control modalities for the treatment of EWS have been an area of debate for several 

decades. Early multi-institutional studies reported rates of local control of 70–75% for 

patients treated with RT alone and >90% for those treated with surgery, with or without 

adjuvant RT. These early results may be attributable to the fact that smaller lesions are 

typically more amenable to surgical resection and that the quality of RT varies between 

studies8,14,15,20. As RT techniques and systemic chemotherapy regimens have evolved, rates 

of local control for patients treated with definitive RT have improved with some recent 

studies showing no statistical difference in local failure rates between modalities21,22. There 

still remains a lack of consensus14,15,21. Larger tumor size at diagnosis has historically been 

a poor prognostic factor and influenced local control, with LF rates reported as high as 50% 

for patients with larger tumors at diagnosis4,9,23–26. The relationship between tumor size, RT 

dosing and local control has been previously explored and, with standard or de-escalated 

dose radiation, cohorts with large tumors at diagnosis had higher rates of local 

failure4,8,27–29. Dose escalation, thus, may be warranted for these cases, but delivery of such 

high doses of RT prior the use of image-guided techniques has been limited by exposures to 

surrounding normal tissues.

We describe here the outcomes of a phase II prospective clinical trial of pediatric and young 

adult patients with EWS treated with focal conformal limited-margin RT, in conjunction 

with systemic chemotherapy +/− surgical resection. Importantly, the CTV used in this study 

was limited to 1cm around the GTV, constrained by anatomic boundaries, and dose-

escalated RT was administered for larger tumors (≥8cm in greatest dimension at diagnosis). 

Another advancement incorporated into this trial was the systematic use of image fusion. 

The ability to co-register pre-therapy, pre-surgery, and pre-RT imaging datasets, including 

PET and MR, was a significant improvement in defining the actual tumor. At the time of 

initiation of this trial, these target volumes, anatomic constraints and dose escalation were 

previously untested using a conformal or IMRT approach.

With this reduced treatment volume and dose-escalation schema, the estimated 10-year CI of 

local failure in this study was 4.4% ± 3.1%, with both incidences of local failure occurring 

within the RT treatment volume. Compared to previous trials, this is an improvement in the 

rate of local control while also using smaller RT volumes9,24,27, suggesting that the use of a 

1cm CTV margin constrained by the local anatomy may be acceptable15,27,30. Additionally, 

the use of IMRT allowed patients with larger tumors at diagnosis to receive definitive local 
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control therapy with escalated dose RT to an average of 64.4Gy, with no local failures 

observed in this treatment group. Contemporary patient populations treated with other 

conformal therapies, such a scattered proton RT, appear to have similar outcomes with 

reported local control rates of 88% in non-recurrent patients30. Proton beam RT may allow 

an even greater ability to dose-escalate radiation in those patients with larger unresectable 

tumors and a high risk for local failure, with a favorable toxicity profile. In our trial the 

combination of well-defined, limited target volumes, constrained to pathways of spread 

specific to the patient’s anatomy, and the incorporation of dose escalated conformal or IMRT 

may be responsible for these favorable results.

Long term toxicities from RT are important to monitor as efforts to improve local control 

rates continue16,26,31. Dose reduction has traditionally been used to try to decrease RT-

related toxicities; our trial attempted to decrease treatment volume, while maintaining 

intensified RT dosing for patients with larger tumors at diagnosis. RT was generally well 

tolerated, but grade III and IV toxicities were observed despite limited treatment margins 

with the highest percentage of long-term grade III and IV toxicities occurring in the 

escalated dose RT group. This reinforces the need to continue to monitor for toxicities even 

in the era of increasing use of proton therapy for local control of EWS30.

The development of secondary malignancies after RT is a long term effect that can occur 

decades after initial treatment. Patients with EWS are at a particularly high risk8,32–35, 

especially after receiving higher doses of RT33,36,37. In a recent analysis from the childhood 

cancer survivor study, the 30-year cumulative incidence of subsequent neoplasms in 

survivors of EWS was 10.1%35. This increased risk must be carefully weighed with the need 

for higher RT dosing to improve rates of local control. In our study, only one secondary 

malignancy has occurred (at approximately 5-years after study enrollment); however, our 

median follow-up at time of analysis was only 54.5 months. Since this risk increases with 

time, our rate of secondary malignancies may further increase, particularly in the escalated 

dose RT treatment group33,36. Further improvements in treatment technique, including 

scanned intensity modulated proton therapy, and the possibility of imaging defined sub-

regions of target volumes, so called biologic GTVs or bGTVs, could further reduce this risk 

of secondary malignancy while maintaining high rates of local control.

In conclusion, we found that treatment with focal conformal, limited-margin RT (CTV1= 

GTV + 1cm) for pediatric and young adult patients with EWS, including dose escalation for 

unresected tumors ≥8cm in greatest dimension at diagnosis, provides favorable local tumor 

control with an acceptable toxicity profile. Based on these outcomes, this RT approach is 

being used in our current institutional trial using even smaller treatment volumes (5mm 

CTV) for all RT dosing groups, dose escalation for larger tumors, proton beam irradiation 

and standardized chemotherapy. We hope this approach will further reduce long term 

toxicities while maintaining high rates of local control.
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Summary

Treatment with conformal, limited-margin RT for pediatric patients with EWS, including 

dose escalation for unresected tumors ≥8cm in greatest dimension at diagnosis, yields 

favorable local tumor control and has a favorable toxicity profile.
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Figure 1. 
Event free survival estimate of EWS by disease status. The 5-year EFS was 79.9% ± 9.9% 

for the localized group and 56.1% ± 14.1% for the metastatic group (p=0.14).
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Figure 2. 
Cumulative incidence of local failure in EWS patients by RT treatment dosing group at 10-

years follow-up. In the adjuvant and standard RT groups, the CI of LF was 5.9%±5.9% and 

7.7%±7.7% respectively. No local failures occurred in the escalated dose RT treatment group 

(p=0.65).
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Table 1

Patient Characteristics

Patient Characteristic No. %

Sex

  Female 24 53.3%

  Male 21 46.6%

Race

  White 37 82.2%

  Black 5 11.1%

  Other 3 6.7%

Age

  <14 years 25 55.6%

  ≥14 years 20 44.4%

Local or Metastatic

  Local 26 57.8%

  Metastatic 19 42.2%

Primary Tumor Size at Diagnosis in Greatest Dimension

  <8cm 20 44.4%

  ≥ 8cm 25 55.6%

Osseous vs. Extra Osseous

  Osseous 35 77.8%

  Extra Osseous 10 22.2%

Site Category

  Pelvis 16 35.6%

  Trunk 13 28.9%

  Head and Neck 5 11.1%

  Extremity 11 24.4%

Planned Definitive Surgical Resection

  Upfront Resection 7 41.2%

  Delayed Resection 10 58.8%

Metastatic Patients (n=19)

  Primary tumor size ≥ 8cm at diagnosis 14 73.6%

  Pelvic location 9 47.4%

  Surgical resection 4 21%

  Metastatic site:

    Lung 10 52.6%

    Bone Marrow 8 42.1%

    Pleura 2 10.5%
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Patient Characteristic No. %

    Lymph Node 4 21%

    Bone 9 47.4%
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Table 2

Short and Long Term Toxicity Events1

Toxicity Grade2 I II III IV

Short Term (n=45)

  Weight Gain/Loss 2 (4%) - - -

  Dermatitis3 18 (40%) 19 (42%) 6 (13%) -

  Muscle Weakness - 1 (2%) - -

  Myositis 6 (13%) 1 (2%) - -

  Musculoskeletal Other3 2 (4%) - - 1 (2%)

  Pain from Radiation3 14 (31%) 6 (13%) 2 (4%) -

Long Term (n=44)4

  Bone5 16 (36%) 15 (34%) 1 (2%) 2 (4%)

  Joint5 11 (25%) 10 (23%) 2 (4%) -

  Lung 4 (9%) 2 (4%) - -

  Skin5 23 (52%) 11 (25%) 1 (2%) -

  Spinal cord 2 (4%) - - -

  Subcutaneous Tissue5 21 (48%) 7 (16%) 3 (7%) -

  Secondary Malignancy5 - - - 1 (2%)

1
Highest graded toxicity observed for each patient, in each toxicity category; 45/45 patients developed at least 1 short term toxicity; 40/44 patients 

developed at least 1 long term toxicity.

2
Common Toxicity Criteria, Version 2.0, including the RTOG/EORTC Late Radiation Morbidity Scoring Scheme.

3
Grade III short term toxicities included radiation dermatitis and pain at the site of radiation. The single grade IV short term toxicity was a fracture 

at the site of radiation therapy.

4
One patient taken off study < 3months after completion of RT due to distant failure.

5
Grade III long term toxicities included severe pain/tenderness (bone), pain with severe limitation of movement (joint), marked atrophy (skin) and 

severe induration/loss of subcutaneous tissue (subcutaneous tissue). Grade IV long term toxicities included a fracture at the site of radiation therapy 
and development of secondary osteosarcoma within the radiation field.
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Table 3

Short and Long Term Toxicities by Radiation Therapy Dosage Group1

Toxicity Grade2 I II III IV

Short Term (n=45)

Adjuvant RT (n=17) 9 (52.9%) 7 (41.2%) - 1 (5.9%)

Standard dose RT (n=16) 6 (37.5%) 6 (37.5%) 4 (56.3%) -

Escalated dose RT (n=12) 3 (25%) 6 (50%) 3 (25%) -

Long Term (n=44)3

Adjuvant RT (n=17) 4 (23.5%) 7 (41.2%) 2 (23.5%) 1 (5.9%)

Standard dose RT (n=15) 6 (37.5%) 9 (60%) - -

Escalated dose RT (n=12) 2 (16.7%) 5 (41.7%) 3 (25%) 1 (8.3%)

1
Highest graded short and long term toxicities observed for each patient within each RT dosing group, across all toxicity categories.

2
Common Toxicity Criteria, Version 2.0, including the RTOG/EORTC Late Radiation Morbidity Scoring Scheme.

3
One standard dose RT patient taken off study < 3months after completion of RT due to distant failure.
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