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Abstract

Purpose: The use of stereotactic body radiotherapy (SBRT) in pediatric patients has been 

underreported. We reviewed practice patterns, outcomes, and toxicity of SBRT in this population.

Methods and Materials: In this multi-institutional study, 55 patients with 107 non-CNS lesions 

treated with SBRT between 2010 and 2016 were reviewed. Treatment response was evaluated by 
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RECIST v1.1 and modified RECIST v1.1 criteria for soft tissue and bone lesions, respectively. 

Patterns of local failure (LF) were assessed dosimetrically. The cumulative incidence of LF and 

toxicity were estimated accounting for the competing risk event of death. Predictors of LF were 

identified through joint frailty models for clustered competing risks.

Results: The median dose/fraction was 7 Gy (range, 4.5–25 Gy), the total dose/site was 35 Gy 

(range, 12–45 Gy), and the median number of fractions was 5 (range, 1–9). The radiographic 

response rates of bone and soft tissue lesions were 90.6% and 76.7%, respectively. Symptom 

improvement was observed for 62% of symptomatic sites. Twenty-seven LFs were documented, 

with 14 in-field, 9 marginal, and 4 out-of-field LFs. The 1-year estimated cumulative LF rate, 

progression-free survival, and overall survival were 25.2% (95% confidence interval (CI), 17.2%

−36.1%), 17.5% (95% CI, 9.0%−34.1%), and 61% (95% CI, 48.9%−76.1%), respectively. Lesion 

type (soft tissue vs. bone) was the only significant predictor of LF on multivariable analysis (P 
= .04), with increased hazard for soft tissue lesions. No acute or late toxicity of grade 4 or higher 

was observed; the estimated 1-year cumulative incidence of late toxicity of any grade was 7.5% 

(95% CI, 3.6%−12.1%).

Conclusion: SBRT was well tolerated and resulted in radiographic response and symptom 

palliation in most pediatric patients with advanced disease. The 1-year cumulative LF rate of 25% 

will serve as a benchmark for further modifications to RT indications, parameters, and 

combination therapy.

INTRODUCTION

Stereotactic body radiation therapy (SBRT) enables the delivery of ablative doses of highly 

conformal radiotherapy (RT) over a short treatment course in a noninvasive manner. 

Multiple studies in adults have demonstrated excellent and durable local tumor control and 

effective symptom palliation with this technique,1,2 as well as improved survival in patients 

with oligometastatic disease.3 Furthermore, given the distinctive tumoricidal and 

immunomodulatory effects of SBRT, this approach might expand the indications for and 

utility of RT and its integration with systemic agents.4

Reports of SBRT in the pediatric population have been limited primarily to case reports,5–7 

small series,8 and practice surveys,9 together with some more recent, larger single-institution 

reports of palliative hypofractionated RT, stereotactic re-irradiation, and spine radiosurgery.
10–12 For this young and developing patient population, concerns remain regarding increased 

adverse treatment effects in patients treated with hypofractionated regimens, and early 

reports have documented unique acute toxicities with this approach.5,8 The Children’s 

Oncology Group recently completed a pediatric clinical trial (NCT02306161) incorporating 

SBRT as a treatment option for bone metastasis when metastatic site RT was warranted, with 

results of this approach pending. Another multi-institutional clinical trial of SBRT for bone 

metastasis in pediatric and young adult patients with sarcoma (NCT01763970) recently 

completed accrual.

To better define the role of SBRT in pediatric patients and to identify variations in practice 

patterns, we reviewed disease outcomes, dosimetric patterns of local failure (LF), and 

treatment toxicity in patients treated with SBRT to non-CNS bone and soft tissue lesions at 2 
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high-volume cancer centers. We found that the patient demographics and tumor histologies 

were largely similar for the 2 treating institutions, but the indications for and treatment 

parameters of SBRT varied. Despite this, treatment responses as indicated by imaging and 

symptomatology were observed in most patients and the LF rates did not differ by 

institution. Similarly, SBRT was well tolerated, with limited acute or late toxicity. The LF 

rates were similar to those observed in larger studies of adults with advanced solid tumors 

treated with SBRT, and LF occurred predominantly within the high-dose irradiated volume.

METHODS AND MATERIALS

Patient cohort

In this institutional review board-approved (XPD16–118; 18–25067) multi-institutional 

study, 55 patients (median age, 16.7 years; range, 5.5–25.6 years) from 2 pediatric oncology 

clinical programs with 107 non-CNS lesions treated with SBRT between 2010 and 2016 and 

with at least 1 post-SBRT imaging study were reviewed. Based on the ASTRO practice 

guidelines for SBRT,13 radiotherapy inclusion criteria for this study included i) treatment 

with ≤10 fractions, ii) use of strict immobilization, and iii) use of stereotactic image 

guidance with a limited planning target volume (PTV).

SBRT, response assessments, and follow-up

Target volumes were delineated on computed tomography (CT) images, typically assisted by 

co-registration of magnetic resonance imaging (MRI) and/or positron emission tomography 

(PET)/CT. The gross tumor volume (GTV) encompassed the gross tumor. Anatomically 

constrained expansions of the GTV to delineate the clinical target volume (CTV) and the 

PTV were tailored based on case-specific variables, including tumor location and size, 

proximity to organs at risk, and prior receipt of same-site RT. For thoracoabdominal tumors, 

4D CT or MRI simulation scans were obtained and an internal target volume was delineated 

to account for respiratory excursion. Daily cone-beam CT was obtained for all treatments at 

both institutions. The dose and fractionation patterns were individualized but generally 

consisted of 8 Gy × 5 fractions or 5 Gy × 8 fractions at Institution 1 and 5–7 Gy × 5 

fractions at Institution 2. In general, more protracted courses (e.g., 8 Gy x 5) were employed 

for larger lesions (e.g., over 5 cm), while smaller lesions and/or lesions without close 

proximity to concerning or sensitive organs at risk were treated with a more aggressive 

hypofractionated regimen. Dose constraints were generally derived from the TG-101 report.
14

Treatment intent was classified as definitive for those sites treated with the intention of 

providing durable local control through the delivery of an ablative RT dose or as palliative 

for those sites treated with the intention of improving or delaying symptoms. Treatment 

response by site was evaluated radiographically by RECIST v1.1 criteria15 for soft tissue 

lesions and according to the Children’s Oncology Group AEWS1221 clinical trial response 

criteria (NCT02306161) for bone lesions, and clinically through abstraction of symptom 

palliation upon review of electronic medical records. Objective radiographic response was 

defined as complete response (CR) or stable disease (SD) for bone lesions and CR, partial 

response (PR), or SD for soft tissue lesions, with duration of best radiographic response 
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measured from the start of SBRT until progression or death, taking as reference for time 

point one the smallest measurements recorded since the start of SBRT. Treatment failure was 

defined anatomically as LF (within the anatomic primary tumor site) or distant failure 

(noncontiguous and distinct from the primary site) based on imaging and/or pathology. 

Local failure was further classified based on the recurrent tumor volume and associated RT 

dosimetry16 as in-field, when ≥80% of the recurrent tumor volume was within the 95% 

prescription isodose line (IDL); marginal, when 20%−80% of the recurrent tumor volume 

was within the 95% IDL; or out-of-field, when <20% of the recurrent tumor volume was 

within the 95% IDL. Receipt of concomitant chemotherapy by site was defined as 

administration of systemic therapy within a 2-week window before or after SBRT.

After receiving definitive-intent SBRT, patients were generally followed with a physical 

examination and 3D imaging, including CT, PET/CT, and/or MRI, of at least the treated site 

every 3 months. Patients treated with palliative-intent SBRT were typically evaluated with 

physical examination and imaging obtained at the discretion of the treating physician. Acute 

and late toxicities were graded according to CTCAE v4.0 (available at: http://

ctep.info.nih.gov/reporting/ctc.html), assessed during RT and at each follow-up visit, and 

defined as early (occurring within 3 months after the start of RT) or late (occurring more 

than 3 months after the start of RT).

Statistical analysis

Comparisons of continuous data were made using the Wilcoxon rank-sum test; a chi-square 

test or Fisher’s exact test was used to compare categorical data. The duration of best 

radiographic response was defined as the time from the date of best response after SBRT to 

LF or death, whichever occurred first. The duration of symptom improvement was defined 

as the time from the date of symptom improvement after SBRT in patients with symptoms 

prior to SBRT until symptom progression. Progression-free survival (PFS) was defined as 

the time from the start of first SBRT to progression, i.e., to LF, distant failure, or death, 

whichever occurred first. Overall survival (OS) was defined as the time from the start of first 

SBRT to death from any cause. The probabilities of PFS and OS and the median duration of 

best radiographic response were estimated by the Kaplan–Meier method. Patients who did 

not experience an event were censored at the last follow-up date, which was defined as the 

last imaging date for all outcomes except symptom control, toxicity, and OS, which were 

based on the last clinical follow-up. The cumulative incidence of LF and the cumulative 

incidence of acute/late toxicity were estimated by a sub-distribution hazard model 

accounting for a competing risk event (death)17 and were compared using the Gray test. 

Cases with less than 3 months of follow-up imaging after SBRT were excluded from the 

analyses of the cumulative incidence of LF and PFS. Patients who died within 3 months of 

the end of SBRT were not included in the analysis of late toxicity. A joint frailty model that 

simultaneously models clustered risk and competing risk (death, in this case) was used to 

identify significant predictors of LF.18 A variable selection criteria of P < 0.3 was used to 

eliminate the nonsignificant effects in the variable selection process for the final 

multivariable model. Risk estimates, estimated by hazard ratios (HRs) and P values, and 

95% confidence intervals (CIs) were calculated. The correlation of equivalent total dose in 

2-Gy fractions (EQD2Gy),19 assuming an α/β ratio of 10, and the durations of radiographic 
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response, symptom response, and local tumor control were evaluated in patients who 

experienced an event (radiographic response, symptomatic progression, LF, or death) and 

were assessed by the correlation coefficient r and plotted. Statistical analyses were 

performed using R version 3.6.0. A 2-sided significance level of P < 0.05 was considered 

statistically significant.

RESULTS

Clinical and treatment characteristics

In total, 55 children and young adults with recurrent or metastatic extra-CNS solid tumors 

were treated with SBRT to a total of 107 lesions at the 2 institutions between 2010 and 2016. 

Baseline characteristics of the overall study population and the study population of each 

institution are summarized in Table 1. The median durations of clinical and imaging follow-

up were 11.0 months (range, 0.23–64.2 months) and 9.5 months (range, 0.07–79.2 months), 

respectively, and did not differ by institution. Except for race, demographic variables did not 

differ significantly between the institutions. The most commonly treated tumor histologies 

included non-rhabdomyosarcoma soft tissue sarcoma (n = 16), Ewing sarcoma (n = 13), and 

osteosarcoma (n = 13), while extra-pulmonary lesions comprised the majority of soft tissue 

lesions (67.4%). The tumor type treated and SBRT intent differed between the institutions, 

with bone lesions and definitive treatments being more frequent at Institution 1 and soft 

tissue lesions and palliative treatments being more frequent at Institution 2. Several 

treatment parameters differed significantly between the institutions, including the cumulative 

RT dose, BED10, EQD2Gy, number of fractions employed, and PTV expansions (Table 1).

Treatment responses

Of the 64 treated bone lesions, 58 (90.6%) had an objective response, with 16 having a CR 

and 42 exhibiting stable disease (SD) (Table 2). The median duration of objective response 

for bone lesions was 10.6 months (interquartile range (IQR), 4.2–25.8 months). An objective 

response was noted in 33 of 43 treated soft tissue lesions (76.7%), with 9 having a CR, 10 

having a PR, and 14 exhibiting SD. The median duration of objective response for soft tissue 

lesions was 4.0 months (IQR, 2.5–9.2 months). Clinical symptoms were associated with 47 

treated lesions, 29 (62%) of which showed improvement of symptoms. The median duration 

of symptom improvement in those patients who experienced symptom progression or death 

was 4.3 months (IQR, 1.6–6.8 months).

Tumor control and survival

The estimated cumulative incidence of LF, with or without synchronous distant failure and 

with death as a competing risk at 6 months, was 12.5% (95% CI, 7.1%−21.5%), and the 1-

year cumulative incidence of LF was 25.2% (95% CI, 17.2%−36.1%) (Fig. 1A). The 

cumulative incidence of LF was significantly higher for soft tissue lesions than for bone 

lesions (P = .03) (Fig. 1B). When comparing LF of soft tissue lesions by non-lung or lung 

vs. bone lesions, a significant increase in the cumulative incidence of LF of lung soft tissue 

lesions compared to bone lesions was observed (P = 0.03), while the LF of non-lung soft 

tissue lesions did not significantly differ to that of bone lesions (P = 0.12) (Supplementary 

Fig. 1). The 6-month and 1-year PFS probabilities were 56.5% (95% CI, 43.5%−73.3%) and 
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17.5% (95% CI, 9.0%−34.1%), respectively (Fig. 1C). The 6-month and 1-year OS 

probabilities were 78% (95% CI, 67.3%−89.7%) and 61.0% (95% CI, 48.9%−76.1%), 

respectively (Fig. 1D).

A joint frailty model for clustered competing risks was used to identify significant predictors 

of LF within the overall patient cohort among the patient, tumor and treatment variables 

(Table 3). Univariable analysis revealed lesion type to be significantly associated with LF, 

with soft tissue lesions being at higher risk of LF when compared with bone lesions (HR = 

3.12, 95% CI, 1.25–7.77; P = 0.02). On multivariable analysis incorporating variables with a 

P value of <0.3 on univariable analysis, only lesion type was significantly associated with 

increased risk of LF (HR = 2.8, 95% CI, 1.04–7.58; P = 0.04). Correlation analysis failed to 

demonstrate a strong correlation between EQD2Gy and time to LF, duration of best bone or 

soft tissue response, or duration of symptom improvement (Supplementary Fig. 2).

Patterns of local disease progression

Of the 107 lesions treated, 27 sites showed local progression over the course of radiographic 

follow-up. Assessment of the extent of tumor progression relative to the delivered RT dose 

distribution for these 27 lesions revealed that in-field progression (Vprogression95% > 80%) 

predominated, with 14 of 27 lesions showing this pattern of recurrence (Table 2 and Fig. 2). 

Marginal LF (Vprogression95% = 20%−80%) was observed in 9 lesions, and 4 lesions 

recurred locally with <20% of the progression volume being encompassed by the 95% IDL. 

Of the 27 sites with local progression, the most common tumor histologies were NRSTS (13 

lesions) and osteosarcoma (8 lesions).

Treatment toxicity

The 3-month cumulative incidence of acute toxicity of any grade was 14.0% (95% CI, 8.7%

−22.2%) (Fig. 3A). The most common types of grade 1 or 2 acute toxicity were radiation 

dermatitis (n = 6; grade 1 or 2), odynophagia/esophagitis (n = 3; grade 1 or 2), nausea (n = 

3; grade 1 or 2), and chest wall pain (n = 2; grade 1). No grade 3 or higher acute events were 

observed. The 6-month cumulative incidence of late toxicity was 5.2% (95% CI, 2.2%

−12.1%), and the 1-year cumulative incidence of late toxicity was 7.5% (95% CI, 3.6%

−15.1%) (Fig. 3B). Grade 1 or 2 late toxicity consisted of myositis (n = 5; grade 1 or 2) and 

a T9 vertebral body fracture observed in the absence of disease progression at this site 

(grade 2). Grade 3 events included osteonecrosis of the distal radius (n = 1), which required 

curettage and cementation for stabilization, and radiation pneumonitis (n = 1), which 

resolved with prednisone. No grade 4 or 5 late events were observed.

DISCUSSION

SBRT is an established treatment approach in the definitive, oligometastatic, and palliative 

settings for adults with solid tumors requiring RT. The ability to deliver tumor ablative doses 

accurately and precisely while minimizing exposure of surrounding normal tissues has 

resulted in primary tumor control rates of >90% in some adult patients with early stage 

cancer. Longer follow-up has demonstrated that this excellent local control can be 

accomplished without prohibitive late toxic effects.20,21 Although significant gains in PFS 
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and OS have been observed in patients with limited oligometastatic burden treated with 

SBRT,3 durable local control rates after SBRT in adults with widely metastatic and/or 

recurrent disease have been less robust, and ongoing randomized studies (NCT03721341) 

are exploring the impact of SBRT in patients with more advanced metastatic disease.22–24 

Similarly, across the limited reports of SBRT and hypofractionated RT in the pediatric 

setting, most of which have detailed outcomes in patients with advanced-stage disease, local 

control rates have ranged from 68% to 85%.8,10,12 Here, in one of the larger cohorts of 

pediatric patients with tumors managed with SBRT, we found a cumulative incidence of LF 

of 12.5% (95% CI, 7.1%−21.5%) at 6 months and 25.2% (95% CI, 17.2%−36.1%) at 1 year, 

comparable to those in adult and pediatric studies with similar study cohorts.

To identify significant predictors of LF and ultimately improve local tumor control 

outcomes, we developed a joint frailty model for clustered competing risk to better account 

for unobserved associations in patients treated at multiple tumor sites.25 Soft tissue lesions 

were associated with a significantly greater hazard of LF when compared with bone lesions 

in multivariable analysis across a range of patient, tumor, and treatment variables. The lesion 

type (soft tissue vs bone) also influences local control and survival outcomes in adults 

treated with SBRT for oligometastatic disease, with patients with bone metastases having 

improved survival when compared with those with other organ metastases.26–28 Factors 

postulated to drive this improved survival include enhanced setup immobilization and 

expanded target volumes that completely encompass a bone (e.g., a vertebral body) or a sub-

compartment of a bone, as well as there being fewer and/or less critical organs at risk, with 

the associated dosimetric constraints.26,29 Although cumulative RT dose, BED10, and total 

EQD2Gy were not significantly associated with LF in multivariable analysis and did not 

correlate with radiographic or symptomatic responses, higher SBRT doses have been 

associated with improved local control in several studies in adults.30,31 This discordance 

may be related to the distinctiveness of the pediatric and young adult patient population with 

regard to long-term toxicity risk, which has influenced the adoption of reduced cumulative 

doses and dose/fraction regimens of SBRT in this setting. For example, the median BED10 

for soft tissue lesions in this cohort was 60 Gy, whereas SBRT dose/fraction regimens in 

adults with primary or metastatic soft tissue lesions have generally resulted in a BED10 of 

≥100 Gy.3,30 It is acknowledged that employing an α/β ratio of 10 for this study population 

may have limitations given that the most represented histology of our cohort was sarcoma 

and preclinical work suggests a ratio closer to 3–5 for this tumor type.36–38 However, based 

on the fact that our study population also included patients with non-sarcomatous tumors 

(carcinoma, NOS; Wilms; lymphoma; etc) and our desire to broadly compare BED values to 

adult studies employing SBRT where BED values have generally been derived using higher 

α/β ratios, as well as the understanding that the clinically relevant α/β ratios of the various 

sarcoma subtypes are still unknown,37,39 we choose to employ the more generalized α/β 
ratio of 10 for tumors. With continued imaging and technological advances, coupled with 

encouraging toxicity outcomes reported here and elsewhere, prospective assessment of more 

aggressive SBRT regimens in pediatric patients may be warranted, particularly for extra-

CNS soft tissue lesions.

To further define local tumor progression relative to the delivered dose, as optimal PTV 

margins are undefined for the pediatric population, we evaluated the dosimetric pattern of 
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failure for all sites with local anatomic progression after SBRT, similar to the conventions 

used previously for adults with pancreatic adenocarcinoma treated with SBRT and for adults 

with high-grade glioma.16,32 Importantly, the most common dosimetric failure type was in-

field failure, suggesting that the target delineation and treatment targeting were sufficient for 

most cases. In contrast, of the 27 lesions with local progression, 9 had marginal progression 

and 4 had local progression with most of the recurrent tumor volume being outside the high-

dose irradiated volume. Of these 13 lesions, 7 were paraspinal or vertebral body lesions for 

which target-volume coverage was limited by the spinal cord or cauda equina (Fig. 2), and 

we often observed paraspinal disease extension to the epidural space or adjacent vertebral 

bodies, as recently reported in pediatric patients treated with spine radiosurgery.12 Although 

the proportion of these marginal and out-of-filed LFs was similar to that in a prior dosimetric 

analysis in adults,16 consideration should be given to extending the PTV margins or 

employing conventional fractionation in cases in which paraspinal disease extension is a 

particular concern in order to improve local control rates. A limitation to this dosimetric 

analysis includes a lack of detailed assessment of SBRT plan quality, including dose 

heterogeneity and conformality metrics, which was limited due to the multi-institutional 

nature of the study. These metrics are relevant for the pediatric population given particular 

concerns for late toxicities and may have resulted in less heterogenous plans and impacted 

target coverage. As delivery of SBRT expands and more uniform RT guidelines develop in 

this population, prospective assessment of these metrics and the correlation with tumor 

control and acute and late effects will be critical to optimize this treatment approach.

The radiographic and symptomatic response rates observed in this study suggest that the 

imaging and palliative responses to SBRT are highly favorable, as was observed in several of 

the limited reports on pediatric SBRT.8,10 The rate of CR or SD for treated bone lesions, as 

assessed by RECIST criteria, was 90.6%, whereas soft tissue lesion responses of CR, PR, or 

SD, as assessed by the modified bone response criteria employed in the recently completed 

AEWS1221 clinical trial, were observed in 76.7% of treated lesions. Similarly, symptomatic 

improvement at sites presenting with baseline symptoms was observed in 62% of cases. 

Although the response criteria and the consideration of the imaging and/or clinical response 

varied, these radiographic and symptom-palliation outcomes compare favorably to those in 

studies in pediatric patients with metastatic solid tumors treated predominantly with more 

protracted RT courses.33,34 As has been observed in adults treated with palliative SBRT,2,35 

this treatment technique could be an attractive alternative to longer treatment courses to 

maximize clinical responses and durable local control, as it is delivered in a manner that is 

convenient for patients and providers alike and that may also minimize interruptions to 

systemic therapy.

Despite promising local control rates and highly conformal treatment, the use of SBRT in 

pediatric patients has been limited by concerns over significant early toxicity and potential 

late effects. Indeed, several of the initial reports of SBRT in children and young adults 

highlighted particular toxicities with this technique, including severe myositis, sacral 

plexopathy, myonecrosis, fracture, and avascular necrosis.5,8 Factors possibly contributing to 

these toxicities included a short interval after prior RT, high-dose treatment, a large 

treatment volume, re-irradiation, and concomitant chemotherapy. However, subsequent 

studies found significant toxicity rates similar to those reported for SBRT in adults, 
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including an incidence of any grade 3 or higher toxicity of 6.7% in a cohort of 62 patients 

with 104 treated lesions, 25% of which were treated with SBRT.10–12 Here, we found a 3-

month cumulative incidence of acute toxicity of any grade of 14.0%, with no grade 3 or 

higher events, and a 1-year cumulative incidence of late toxicity of 7.5%, including 2 grade 

3 events, which compare favorably with published outcomes of SBRT in adult and pediatric 

patients.10,20 In this case, neither of the grade 3 late events involved re-irradiation or 

concomitant chemotherapy; the SBRT regimens were relatively modest, with 1 site being 

treated with 8 Gy × 5 fractions and 1 site with 20 Gy in a single fraction; and the tumor 

volumes were relatively small (14.3 cm3 and 3.8 cm3, respectively). Despite these 

encouraging findings, as would be expected in a patient population with metastatic and/or 

recurrent solid tumors, long-term follow-up of our study has been limited, and caution 

should be exercised with this particularly vulnerable young population for whom, with 

improvements in treatment and the advancement of SBRT into the primary disease setting, 

long-term survival may become a more realistic prospect.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Tumor control and survival outcomes. Cumulative incidence of local failure in the evaluable 

cohort (A) and by SBRT tumor type (B) and Kaplan–Meier estimates of progression-free 

survival (C) and overall survival (D). CI, confidence interval. Note that y-axis units differ 

among panels.
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Figure 2. 
Local failure analysis. Recurrent tumor volumes (red) were delineated on 3D imaging failure 

scans (MRI, CT, and/or PET/CT) co-registered to CT simulation scans, and SBRT 95% 

prescription isodose lines (IDL) (green) were overlaid. Clinical examples of the three 

dosimetric failure types are shown: (A) in-field (>80% of the recurrence volume within the 

95% IDL; axial CT); (B) marginal (20%−80% inside the 95% IDL; axial CT); and (C) out-

of-field (<20% within the 95% IDL; axial MRI with metal suppression). Among the local 

failures, in-field failures predominated (A).
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Figure 3. 
Cumulative incidence of any grade acute (A) and late toxicity (B) by site. CI, confidence 

interval
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Table 2.

SBRT treatment responses by site

Characteristic N (%) or median (IQR or 95% confidence interval)

Radiographic response 107

Bone lesions 64 (60%)

 Rate of CR/SD 58 (90.6%)

 Duration of best response (mo) 10.6 (4.2–25.8)

Soft tissue 43 (40%)

 Rate of CR/PR/SD 33 (76.7%)

 Duration of best response (mo) 4.0 (2.5–9.2)

Symptom response 47

Rate of symptomatic improvement 29 (62%)

Duration of symptom improvement (mo) 4.3 (1.6–6.8)

Dosimetric pattern of local failure 27

Local failure type

 In-field 14 (52%)

 Marginal 9 (33%)

 Out-of-field 4 (15%)

Abbreviations: IQR, interquartile range; CR, complete response; PR, partial response; SD, stable disease; CI, cumulative incidence
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Table 3.

Univariable and multivariable joint frailty models with competing risk for local failure

Univariable analysis

Covariate HR (95% CI) P

Age @ SBRT (years) 1.00 (0.92–1.10) 0.93

Age group (≥12 years vs <12 years) 1.13 (0.33–3.88) 0.84

Sex (female vs male) 0.62 (0.21–1.84) 0.39

Race (black/other vs white) 1.24 (0.40–3.85) 0.71

Disease status (newly diagnosed vs recurrent) 0.69 (0.20–2.36) 0.55

Disease extent (locally recurrent vs metastatic) 1.34 (0.34–5.25) 0.68

Tumor histology (other vs osteosarcoma) 0.45 (0.16–1.25) 0.13

SBRT intent (definitive vs palliative) 1.10 (0.48–2.52) 0.82

SBRT lesion type (soft tissue vs bone) 3.12 (1.25–7.77) 0.02

SBRT tumor site (primary vs metastatic) 0.55 (0.15–2.05) 0.37

PTV volume (≥36.2 cm3 vs <36.2 cm3) 0.59 (0.25–1.39) 0.23

Cumulative RT dose (≥35 Gy vs <35 Gy) 1.41 (0.60–3.31) 0.42

BED10 (≥59.5 Gy vs <59.5 Gy) 2.24 (0.90–5.62) 0.08

EQD2Gy (≥50 Gy vs <50 Gy) 1.65 (0.66–4.14) 0.29

Concomitant chemotherapy (yes vs no) 0.38 (0.11–1.28) 0.12

Re-irradiation (yes vs no) 1.10 (0.34–3.56) 0.87

Treating institution (1 vs 2) 1.39 (0.52–3.75) 0.51

Multivariable analysis

Covariate HR 95% CI P

Tumor histology (other vs osteosarcoma) 0.41 (0.12–1.32) 0.13

SBRT lesion type (soft tissue vs bone) 2.80 (1.04–7.58) 0.04

PTV volume (≥36.2 cm3 vs <36.2 cm3) 0.43 (0.16–1.18) 0.10

BED10 (≥59.5 Gy vs <59.5 Gy) 2.39 (0.50–11.51) 0.28

EQD2Gy (≥50 Gy vs <50 Gy) 0.78 (0.17–3.68) 0.75

PTV volume (≥36.2 cm3 vs <36.2 cm3) 0.43 (0.16–1.18) 0.10

Concomitant chemotherapy (yes vs no) 0.31 (0.09–1.08) 0.07

Abbreviations: HR, hazard ratio; CI, confidence interval; SBRT, stereotactic body radiation therapy; EQD2Gy, equivalent total dose in 2-Gy 

fractions.
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