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Abstract

Purpose: The ARST0332 trial for pediatric and young adults with nonrhabdomyosarcoma soft 

tissue sarcoma (NRSTS) used risk-based treatment including primary resection with lower-than-

standard radiation doses to optimize local control (LC) while minimizing long-term toxicity in 

those requiring radiation therapy (RT). RT for high-grade NRSTS was based on extent of resection 

(R0: negative margins, R1: microscopic margins, R2/U: gross disease/unresectable); those with >5 

cm tumors received chemotherapy (CT; ifosfamide/doxorubicin). This analysis evaluates LC for 

patients assigned to RT and prognostic factors associated with local recurrence (LR).

Methods and Materials: Patients aged <30 years with high-grade NRSTS received RT (55.8 

Gy) for R1 ≤5 cm tumor (arm B); RT (55.8 Gy)/CT for R0/R1 >5 cm tumor (arm C); or 

neoadjuvant RT (45 Gy)/CT plus delayed surgery, CT, and postoperative boost to 10.8 Gy R0 <5 

mm margins/R1 or 19.8 Gy for R2/unresected tumors (arm D).

Results: One hundred ninety-three eligible patients had 24 LRs (arm B 1/15 [6.7%], arm C 

7/65 [10.8%], arm D 16/113 [14.2%]) at median time to LR of 1.1 years (range, 0.11–5.27). Of 

95 eligible for delayed surgery after neoadjuvant therapy, 89 (93.7%) achieved R0/R1 margins. 

Overall LC after RT were as follows: R0, 106 of 109 (97%); R1, 51 of 60 (85%); and R2/

unresectable, 2 of 6 (33%). LR predictors include extent of delayed resection (P <.001), imaging 

response before delayed surgery (P < .001), histologic subtype (P <.001), and no RT (P = .046). 

The 5-year event-free survival was significantly lower (P = .0003) for patients unable to undergo 

R0/R1 resection.

Conclusions: Risk-based treatment for young patients with high-grade NRSTS treated on 

ARST0332 produced very high LC, particularly after R0 resection (97%), despite lower-than-

standard RT doses. Neoadjuvant CT/RT enabled delayed R0/R1 resection in most patients and is 

preferred over adjuvant therapy due to the lower RT dose delivered.

Introduction

Nonrhabdomyosarcoma soft tissue sarcoma (NRSTS) accounts for 4% of pediatric cancers 

and <1% of all adult cancers, with a significant proportion affecting teenagers and young 

adults, an age group frequently underrepresented in clinical trials.1–3 Surgical resection is 

the foundation for curative treatment of NRSTS, with the role for neoadjuvant and adjuvant 

radiation therapy (RT)/chemotherapy (CT) in children and young adults less well defined. 

This is in contrast to children with rhabdomyosarcoma and adults with soft tissue sarcoma 

(STS), where decades of clinical trials have standardized the approach to multidisciplinary 

management.4,5

The ARST0332 trial conducted by Childrens Oncology Group (COG) recently validated 

a treatment schema based on a risk stratification system for young patients with NRSTS 

using known STS prognostic factors including metastatic disease, tumor resectability, size, 

and grade. ARST0332 prioritized avoiding RT altogether but used lower-than-standard RT 

doses and field sizes to diminish long-term toxicity in those requiring it. An important study 

finding was high local control (LC) despite omission of RT: 96% after R0 resection for 
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low-grade tumors and 91% for <5 cm high-grade tumors. After R1 resection for low-grade 

tumors >5 cm the LC rates were lower (82%), but all patients were salvaged with further 

surgery ± RT, suggesting that the vast majority of young patients with R1 resection of a 

low-grade tumor can be cured without RT.6 The goal for all other patients was to achieve 

high LC rates via R0 resection (upfront or delayed surgery) and highly conformal RT 

at lower-than-standard doses, with dose-intensive ifosfamide/doxorubicin CT for >5 cm 

tumors.

The Pediatric Oncology Group conducted 2 NRSTS trials more than 3 decades ago using 

age-adjusted RT doses for resected tumor (45–50 Gy) with positive margins and higher 

doses for unresected tumors (55–64.8 Gy), but outdated RT techniques and volumes with 

poor overall study compliance are not informative for contemporary radiation practice.7,8

RT doses >60 Gy routinely used for resected STS in adults have since been adopted in 

children9–11; however, data from sarcoma survivors suggesting a relationship between higher 

radiation dose (≥60 Gy) and increased risk for secondary malignant neoplasms (SMN) 

supported testing lower doses in a clinical trial.12 Conformal target volumes (1.5 cm) had 

not been validated for children or young adults before ARST0332 enrollment; however, 

preliminary results from a single-institution prospective study suggested smaller RT volumes 

(1.5 cm) for pediatric NRSTS might be feasible and safe in a groupwide setting, with 

the final report after 3 year follow-up confirming no LR after R0 and 21% LR after R1 

resection.13

For children with unresected NRSTS, strategies to facilitate resection have primarily relied 

on neoadjuvant CT with selective use of RT after surgery to avoid exposure in those patients 

who may not need RT, but local progression was a major cause of failure, supporting the 

need for more effective LC approaches.14,15 Neoadjuvant RT ± CT has been successfully 

used for adults with STS of the extremity and trunk, with a >90% LC rate.16–18 However, 

a high rate of wound complications after neoadjuvant therapy (18%−48%) is often cited as 

evidence to resect tumors at initial presentation.19,20 Fewer long-term effects are anticipated 

with neoadjuvant therapy owing to the lower doses and smaller field sizes. Resection of the 

irradiated tumor bed may further reduce the risk of SMN.

This analysis evaluates LC for young patients with high-grade, nonmetastatic NRSTS 

assigned to RT and prognostic factors associated with local recurrence (LR).

Methods and Materials

Patient eligibility

Patient eligibility, risk stratification, treatment assignment, therapy delivered, toxicity, 

response, event-free survival (EFS), and overall survival (OS) outcomes have been 

previously reported.6 This trial was approved by the National Cancer Institute Pediatric 

Central Institutional Review Board and by the institutional review boards of each 

participating institution, as required. Informed consent and assent as appropriate was 

obtained from parents, guardians, and patients, according to National Cancer Institute 

guidelines.
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Figure 1 shows the risk stratification and treatment assignment algorithm. This LC analysis 

was restricted to patients with nonmetastatic, high-grade Pediatric Oncology Group or 

Federation Nationale des Centres de Lutte Contre le Cancer NRSTS arising at all anatomic 

sites assigned to treatment arms that included RT.21,22 Patients with hepatic primary tumors 

and those who had undergone amputation before study entry were excluded because they did 

not receive RT. Patients <24 months of age for whom RT was optional were also excluded.

Primary tumor site treatment

Patients assigned to adjuvant RT (55.8 Gy in 31 fractions) included those enrolled on arm 

B (≤5 cm R1) and arm C (>5 cm, R0 or R1). Patients on arm C also received adjuvant CT 

(ifosfamide [6 cycles]/doxorubicin [5 cycles]) with concurrent ifosfamide alone during RT. 

Adjuvant RT started within 6 weeks of surgery.

Patients assigned to neoadjuvant RT (45 Gy in 25 fractions) were enrolled on arm D 

(unresectable or >5 cm high-grade tumor where delayed resection was planned). These 

patients also received concomitant neoadjuvant CT (ifosfamide [4 cycles]/ doxorubicin [2 

cycles]) followed by surgery at week 13 and additional postoperative CT (ifosfamide [2 

cycles]/doxorubicin [3 cycles]). Neoadjuvant RT began after the second cycle of CT at week 

4; concurrent ifosfamide alone was administered at weeks 7 and 10.

Definitive primary tumor resection was performed at week 13 with the goal of achieving R0 

resection, defined as a cuff of nonmalignant tissue of at least 5 mm surrounding the tumor. 

CT was restarted 2 to 5 weeks after surgery, with a primary site RT boost delivered after the 

first postoperative CT including 10.8 Gy in 6 fractions for R0 with <5 mm margins/R1 and 

19.8 Gy in 11 fractions for R2/unresected tumors. Patients deemed unresectable after 45 Gy 

could continue with 19.8 Gy boost without interruption of radiation treatment.

For arm D patients, wound complications were reported for failure to initiate postoperative 

CT within 5 weeks of surgery, requiring removal from protocol therapy. Enrollment on arm 

B and C required that patients start RT at week 4 (arm C CT at week 3); if patients were 

unable to meet these study requirements owing to wound complications, they would not be 

eligible for enrollment.

Toxicity was graded according to the National Cancer Institute Common Terminology 

Criteria for Adverse Events, version 4.0. Adverse event reporting was required for grade 

5 and grade 4 adverse events. Serious (grade 3) wound complications were not recorded on 

this study unless they caused a delay in protocol therapy. Patients who developed an SMN 

were removed from protocol therapy.

RT planning and target volume definition

Computed tomography volumetric-based planning was required. Clinical target volume 

(CTV1) included gross tumor volume (GTV) + 1.5 cm uniform expansion in all directions. 

The planning target volume (PTV1) included CTV1 + 0.5 cm. For arms B and C, a 

volume reduction after 45 Gy was permitted to include the GTV + 1 cm = CTV2. Arm 

D postoperative boost volume included known positive surgical margins determined by 

operative/pathology reports and imaging studies. Daily image-guided RT was encouraged. 
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Photons, protons, intraoperative RT, and brachytherapy were allowed. High-dose-rate 

brachytherapy was prescribed to 34 Gy in 3.4 Gy per fraction delivered twice daily for 

10 fractions.

Imaging, RT, and surgery review

RT target volumes and dosimetry were centrally reviewed for compliance to protocol 

guidelines at the Imaging and Radiation Oncology Core within 3 days of the start of RT 

and at the end of treatment using a digital submission platform. A major deviation was>10% 

of protocol dose, 90% isodose covering <100% of CTV, or a portion of the GTV not 

being included in the treatment volume; a minor deviation was 6% to 10% difference from 

the protocol dose, >10% of the PTV receiving >110% of protocol dose, or CTV/PTV 

margins less than specified by protocol. Primary tumor imaging response was evaluated after 

neoadjuvant therapy and coded as complete response (CR), partial response (PR), stable 

disease (SD), or progressive disease (PD) using centrally reviewed volumetric measurements 

of the primary tumor.23 Operative notes and pathology reports were centrally reviewed by 

COG sarcoma surgeons after week 13 surgery to confirm extent of resection (R0, R1, R2, 

unresected).

Statistics and endpoints

LR was documented by magnetic resonance imaging or computed tomography, with 

biopsy confirming recurrence being recommended. EFS and OS rates were estimated 

using the Kaplan-Meier method with confidence intervals estimated by the Peto-Peto 

method and were compared between groups using the log-rank test.24–26 Prognostic 

factors were evaluated with the log-rank test. Cumulative incidence of LR was estimated 

using a subdistribution proportional hazards analysis, with regional/distant failures, second 

malignancy, and death as competing risks.27 Follow-up was current to June 30, 2018 when 

the study database was frozen for analysis.

Results

Clinical features and treatment

Two hundred thirty-eight patients with nonmetastatic high-grade NRSTS assigned to RT 

± CT were enrolled between February 5, 2007 and February 10, 2012. Median follow-up 

was 6.71 years (range, 0.01–10.98). Forty-five were excluded from the analysis for hepatic 

primary (n = 36), age <24 months (n = 7), or upfront amputation (n = 2). Table E1 shows 

patient and tumor characteristics of the 193 eligible/evaluable patients enrolled on arm B (n 

= 15), arm C (n = 65), and arm D (n = 113).

Eighty patients had undergone gross total resection at study entry: 38 R0 and 42 R1. 

Among 113 patients receiving neoadjuvant CT/RT on arm D, 18 (16%) went off protocol 

therapy before week 13 evaluation: 7 with PD and 11 owing to parent, patient, or physician 

preference. Ninety-four arm D patients had imaging to assess response to neoadjuvant 

treatment before week 13 surgery (CR, n = 2; PR, n = 30; SD, n = 51; and PD, n = 11). 

Delayed surgery outcomes for 95 patients remaining on protocol therapy at week 13 were as 

follows: R0, n = 71; R1, n = 18; R2, n = 1; and unresectable, n = 3. A postoperative boost 
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of 10.8 Gy was given to 16 of 71 R0 and 13 of 18 R1 patients; 19.8 Gy was given to 3 

of 6 with R2/unresectable tumors. Nine of 113 patients (8%) receiving neoadjuvant RT/CT 

experienced significant wound complications: unexpected grade 4 (n = 1) and inability to 

initiate postoperative CT within 5 weeks of surgery (n = 8). Nine SMNs were reported in 

193 patients; all occurred in patients who received RT: 1 in the RT field (chondroblastic 

osteosarcoma, 55.8 Gy), 1 at the RT field margin (55.8 Gy) for spinal cord astrocytoma in a 

patient with Li-Fraumeni syndrome, 1 with an uncertain relationship to the RT field (acute 

myeloid leukemia), and 6 outside of the RT field including 5 malignant peripheral nerve 

sheath tumor (MPNST) in patients with NF-1.

LR

Table 1 shows LR based on treatment arm, patient and tumor characteristics, extent of 

surgery, and RT. There were 24 (12.4%) LRs among 193 eligible patients at a median time 

to LR of 1.10 years (range, 0.11–5.27 years). Significant predictors of LR included histology 

(P < .001), imaging response after neoadjuvant therapy (P < .001), extent of resection at 

delayed surgery (P < .001), and no RT to the primary site (P = .046). Figure 2 shows the 

cumulative risk for LR based on treatment arm, extent of surgical resection, and delivery of 

RT. Figure 3 shows the EFS based on treatment arm and extent of surgery. All R2/unresected 

patients experienced events by 5 years (log-rank P = .0003).

The clinical features, treatment, and outcomes of patients with LR are shown in Table 2 

(arms B/C) and Table 3 (arm D). Among the 80 patients assigned to adjuvant RT, 7 of 8 LRs 

occurred after R1 surgery, 5 of 8 had imaging to review the location of LR in relation to the 

RT field, and 4 recurred in the 100% isodose distribution. Among the 113 patients assigned 

to neoadjuvant therapy, 12 had an isolated LR and 4 experienced local and metastatic 

recurrence. Six developed isolated LR before week 13 delayed surgery, including 2 salvaged 

with surgery (6.5 and 9.4 years follow-up); 2 eventually died of metastatic disease, 1 died 

in a car accident, and 1 was lost to follow-up. Isolated LR occurred in 2 patients after R0 

resection after week 13 surgery. Isolated local progression of disease occurred in 4 of 6 

patients with R2/unresectable tumors; only 1 of these patients was alive at 9.8 years after 

64.8 Gy definitive RT.

RT compliance

Of the 193 patients assigned to receive RT, 181 (94%) received it. There were 10 major and 

12 minor deviations. Four patients who received RT did not have adequate records to assess 

compliance. Twelve patients who did not receive RT were enrolled on arm B (n = 1), arm 

C (n = 4), and arm D (n = 7). RT was not given for the following reasons: removal from 

protocol therapy for parent, patient, or physician preference (n = 8); PD (n = 1); consent 

withdrawal (n = 2); and protocol deviation (n = 1).

RT technique included 3-dimensional (3D) conformal (n = 96), intensity modulated RT 

(IMRT; n = 73), protons (n = 6), 3D/brachytherapy (n = 4), 3D/IMRT/brachytherapy (n 

= 1), and brachytherapy only (n = 1). Of the 95 patients eligible for week 13 surgery, 8 

R0 patients with ≥5 mm margins did not require a boost. It was not possible to determine 

whether a boost was required for 20 R0 patients for whom the margin depth was not 
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recorded. The remaining 67 patients on arm D required a boost and 32 received it: 16 of 43 

R0 with <5 mm margins, 13 of 18 R1, and 3 of 6 R2/unresected.

Discussion

This report confirms high LC rates for patients aged between 2 and 30 years treated on COG 

ARST0332, setting a new standard of care for young patients with high-grade nonmetastatic 

NRSTS. An important finding of this study is the high rate of LC achieved with neoadjuvant 

CT/RT and delayed resection in >5 cm high-grade tumors, with up to 94% of eligible 

patients remaining on protocol therapy at week 13 achieving R0/R1 resection.

An advantage of neoadjuvant therapy is that lower radiation doses (45 Gy) were used 

compared with adjuvant therapy (55.8 Gy), as were highly conformal target volumes (1.5 

cm) which are smaller volumes than currently recommended for adult extremity soft tissue 

sarcomas.17 Lower RT doses and more conformal fields have the potential to reduce normal 

tissue toxicity and the incidence of SMN. Only 6 of 113 patients who received neoadjuvant 

therapy experienced isolated local tumor progression before planned delayed surgery; 2 of 6 

became long-term survivors, and none died of local tumor progression, suggesting deferring 

surgery until after neoadjuvant therapy is safe. We estimated a wound complication rate 

of 8% after neoadjuvant treatment based on adverse event grade 4 reporting or wound 

complications requiring removal from the treatment protocol. Our data are not directly 

comparable to adult wound complication rates after preoperative RT alone or sequenced 

with CT because grade 2 and 3 wound complications were not collected on this study.18–20

Our analysis found 4 predictors of LR, including histologic subtype, imaging response at 

week 13, no RT to the primary site, and extent of disease at delayed surgery. In keeping 

with their documented sensitivity to CT and RT, patients with synovial sarcoma had a low 

rate of LR (2.7%), whereas those with MPNST had a higher rate (27.9%).14,28 PD on 

imaging after neoadjuvant therapy was highly predictive of LR, but radiographic response 

otherwise did not predict LR; patients with SD fared similarly to those with CR or PR. 

Less than 7% of patients who completed neoadjuvant therapy were unable to undergo R0/R1 

resection at week 13. As expected, LC was very poor in this subgroup, with a significant 

adverse impact on survival. Similarly, poor LC and OS have been documented in adults 

treated with definitive RT for gross disease.29 Three of 4 tumors in our study not amenable 

to R0/R1 resection after neoadjuvant therapy were MPNST, likely reflecting their frequent 

involvement of the brachial/lumbosacral plexus where surgical resection is challenging, 

explaining in part why this histology is a predictor of poor LC.

For tumors resected at study entry, these ARST0332 trial results confirm the findings of a 

smaller single-institution prospective pediatric trial that using conformal target volumes after 

resection is a safe practice, with only 1 LR (<3%) after R0 resection.30 This observation 

raises the question of whether further reduction of therapy is feasible in patients in whom 

an upfront R0 resection is anticipated. The European paediatric Soft Tissue sarcoma Study 

(EpSSG) NRSTS 2005 used a strategy that included CT but omitted RT in patients with 

synovial sarcoma and R0 margins, whereas other “adult-type” NRSTS histologies received 

adjuvant RT (50.4–59.4 Gy, depending on tumor size and surgical margins), with no local 
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failures reported among 13 patients with large (>5 cm) synovial sarcoma; EpSSG has not 

reported results yet for other histologies.31

A limitation of our study is incomplete institution reporting of the surgical margin depth, 

preventing us from confirming uniform adherence to the study definition of a negative 

margin (≥5 mm). However, our data suggest there is no difference in LC regardless of 

surgical margin depth as long as there is no tumor on the inked margin, a definition 

gaining acceptance in the literature on adult extremity and trunk STS when adjuvant RT is 

incorporated into the overall management.32 A criticism of our study design is that radiation 

dose of resected tumors at study entry was the same regardless of the surgical margins (R0/

R1), whereas in most practices the RT dose is higher for patients with R1 margins and lower 

for R0 margins. Because there is no planned successor ARST0332 trial for resected NRSTS, 

55.8 Gy is the standard adjuvant dose for future comparisons, although we acknowledge 

testing lower radiation doses or omitting RT in certain subsets after R0 resection would be 

an important study question.

CT was safely delivered concurrently with RT in our trial, a practice we endorse that does 

not delay systemic therapy in patients at high risk for metastatic recurrence; however, due to 

limitations in study design and data collection, the rate of serious wound complications after 

this approach is unknown. Concurrent CT with RT is a practice not frequently used in adults 

owing to comorbidities and concerns about tissue/organ toxicity, as illustrated by a recent 

EORTC randomized trial delivering RT after the completion of adjuvant CT.33 The majority 

of our patients (94%) received protocol RT with high compliance to guidelines, including 

3D volumetric planning, contouring small target volumes, and IGRT in a cooperative group 

setting, suggesting practices that may be easily implemented outside of a clinical trial. 

IMRT was frequently used and provides improved target coverage and decreased dose to 

adjacent skin and joints compared with 3D conformal RT.34 Our study could not provide 

evidence supporting a postoperative radiation boost for R0 <5 mm margins/R1 resections 

after neoadjuvant therapy because there were too few LRs. The long interval from the end 

of preoperative RT to the delivery of the postoperative boost, low doses delivered (10.8 Gy), 

and challenges with accurate target volume delineation are arguments for omitting boost in 

patients with close or R1 margins.35 The recently completed COG ARST1321 NRSTS trial 

included guidelines to boost only gross disease (19.8 Gy) in high-grade extremity and trunk 

primary sites.

Conclusions

Risk-based treatment for high-grade NRSTS produced very high LC, particularly after R0 

resection (97%), emphasizing the importance of oncologic resection as the foundational 

treatment for NRSTS. An adjuvant dose of 55.8 Gy produced high rates of LC in high-grade 

NRSTS, representing a modest decrease in RT exposure compared with doses typically used 

in adults. Neoadjuvant CT/RT with delayed resection was a successful strategy for patients 

requiring both treatment modalities, as nearly all unresected tumors at study entry underwent 

delayed resection with R0/R1 margins. For patients requiring both CT and RT, neoadjuvant 

therapy is preferred because a lower RT dose (45 Gy vs 55.8 Gy for adjuvant therapy) was 

effective, with much of the irradiated tissue excised at the time of delayed surgery and with 
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the potential to reduce the incidence of SMN. Additional research is needed to determine 

whether all patients with >5 cm tumors require RT after R0 resection, whether an RT boost 

is needed after delayed R1 resection, and how to improve LC for patients at high risk for LR, 

including those with MPNST and tumors still unresectable after neoadjuvant chemoradiation 

therapy.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgments

This research was supported in part by grants from the National Institutes of Health to the Children’s Oncology 
Group (U10CA180886, U10CA180899, U10CA098543, U10CA098413), the Quality Assurance Review Center 
(U10CA29511), the Imaging and Radiation Oncology Core (U10CA180803), and St. Jude Children’s Research 
Hospital (P30CA21765 and CA23099), and by funding from the St. Baldrick’s Foundation, the Seattle Children’s 
Foundation (from Kat’s Crew Guild through the Sarcoma Research Fund), and the American Lebanese Syrian 
Associated Charities.

Disclosures: S.T. received grants from ASELL and Elekta Industries outside the submitted work. F.L. received 
grants from the National Cancer Institute during the conduct of the study. T.I.Y. received nonfinancial support from 
MIM Corporation outside the submitted work. J.R.A. received grants from CTEP/ National Cancer Institute, during 
the conduct of the study; and other from Merck and Co, outside the submitted work.

D.S.H. received clinical trial fees paid to Seattle Children’s to offset costs of study conduct; was reimbursed for 
or provided travel, housing, and food to attend medial advisory board meetings for Loxo Oncology, Bayer, Bristol 
Myers Squibb, Lilly, and Celgene; and had clinical trial fees paid to Seattle Children’s to offset costs of study 
conduct from Merck Sharpe Dohme, Eisai, Novartis, Glaxo Smith Kline, Sanofi, Amgen, Jazz Pharmaceuticals, 
Seattle Genetics, and Incyte. S.L.S. received grants from the National Cancer Institute/Children’s Oncology Group, 
during the conduct of the study; received grants from F. Hoffman-LaRoche Ltd, Novartis, Alex’s Lemonade Stand 
Foundation, Cookies for Kids’ Cancer, Bayer Healthcare Phramaceuticals, Inc, Sanofi US Services, Inc, Loxo 
Oncology, Incyte Corporation, Bristol Myers Squibb, St. Baldrick’s Foundation, Pfizer, Inc, and the University of 
California, Santa Cruz, outside the submitted work.

References

1. Li J, Thompson TD, Miller JW, Pollack LA, Stewart SL. Cancer incidence among children 
and adolescents in the United States, 2001–2003. Pediatrics 2008;121:e1470–e1477. [PubMed: 
18519450] 

2. Burningham Z, Hashibe M, Spector L, Schiffman JD. The epidemiology of sarcoma. Clin Sarcoma 
Res 2012;2:14. [PubMed: 23036164] 

3. Bleyer A, Tai E, Siegel S. Role of clinical trials in survival progress of American adolescents 
and young adults with cancer-and lack thereof. Pediatr Blood Cancer 2018;65:e27074. [PubMed: 
29667766] 

4. Voss RK, Chiang YJ, Torres KE, et al. Adherence to national comprehensive cancer network 
guidelines is associated with improved survival for patients with stage 2A and stages 2B and 3 
extremity and superficial trunk soft tissue sarcoma. Ann Surg Oncol 2017;24:3271–3278. [PubMed: 
28741122] 

5. Malempati S, Hawkins DS. Rhabdomyosarcoma: Review of the Children’s Oncology Group (COG) 
Soft-Tissue Sarcoma Committee experience and rationale for current COG studies. Pediatr Blood 
Cancer 2012;59:5–10. [PubMed: 22378628] 

6. Spunt SL, Million L, Chi YY, et al. A risk-based treatment strategy for non-rhabdomyosarcoma 
soft-tissue sarcomas in patients younger than 30 years (ARST0332): a Children’s Oncology Group 
prospective study. Lancet Oncol 2020;21:145–161. [PubMed: 31786124] 

Million et al. Page 9

Int J Radiat Oncol Biol Phys. Author manuscript; available in PMC 2022 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



7. Pratt CB, Pappo AS, Gieser P, et al. Role of adjuvant chemotherapyinthe treatment of surgically 
resected pediatric nonrhabdomyosarcomatous soft tissue sarcomas: A Pediatric Oncology Group 
Study. J Clin Oncol 1999;17:1219. [PubMed: 10561182] 

8. Pappo AS, Devidas M, Jenkins J, et al. Phase II trial of neoadjuvant vincristine, ifosfamide, 
and doxorubicin with granulocyte colony-stimulating factor support in children and adolescents 
with advanced-stage nonrhabdomyosarcomatous soft tissue sarcomas: A Pediatric Oncology Group 
Study. J Clin Oncol 2005;23:4031–4038. [PubMed: 15767644] 

9. Rosenberg SA, Tepper J, Glatstein E, et al. The treatment of soft-tissue sarcomas of the extremities: 
prospective randomized evaluations of (1) limb-sparing surgery plus radiation therapy compared 
with amputation and (2) the role of adjuvant chemotherapy. Ann Surg 1982;196:305–315. [PubMed: 
7114936] 

10. Yang JC, Chang AE, Baker AR, et al. Randomized prospective study of the benefit of adjuvant 
radiation therapy in the treatment of soft tissue sarcomas of the extremity. J Clin Oncol 
1998;16:197–203. [PubMed: 9440743] 

11. Blakely ML, Spurbeck WW, Pappo AS, et al. The impact of margin of resection on outcome in 
pediatric nonrhabdomyosarcoma soft tissue sarcoma. J Pediatr Surg 1999;34:672–675. [PubMed: 
10359161] 

12. Kuttesch JF Jr., Wexler LH, Marcus RB, et al. Second malignancies after Ewing’s sarcoma: 
radiation dose-dependency of secondary sarcomas. J Clin Oncol 1996;14:2818–2825. [PubMed: 
8874344] 

13. Krasin MJ, Davidoff AM, Xiong X, et al. Preliminary results froma prospective study using limited 
margin radiotherapy in pediatric and young adult patients with high-grade nonrhabdomyosarcoma 
soft-tissue sarcoma. Int J Radiat Oncol Biol Phys 2010;76:874–878. [PubMed: 19625137] 

14. Spunt SL, Hill DA, Motosue AM, et al. Clinical features and outcome of initially unresected 
nonmetastatic pediatric nonrhabdomyosarcoma soft tissue sarcoma. J Clin Oncol 2002;20:3225–
3235. [PubMed: 12149295] 

15. Ferrari A, Miceli R, Rey A, et al. Non-metastatic unresected paediatric non-rhabdomyosarcoma 
soft tissue sarcomas: Results of a pooled analysis from United States and European groups. Eur J 
Cancer 2011; 47:724–731. [PubMed: 21145727] 

16. DeLaney TF, Spiro IJ, Suit HD, et al. Neoadjuvant chemotherapy and radiotherapy for large 
extremity soft-tissue sarcomas. Int J Radiat Oncol Biol Phys 2003;56:1117–1127. [PubMed: 
12829150] 

17. Wang D, Zhang Q, Eisenberg BL, et al. Significant reduction of late toxicities in patients with 
extremity sarcoma treated with image-guided radiation therapy to a reduced target volume: Results 
of Radiation Therapy Oncology Group RTOG-0630 trial. J Clin Oncol 2015;33:2231–2238. 
[PubMed: 25667281] 

18. O’Sullivan B, Davis AM, Turcotte R, et al. Preoperative versus postoperative radiotherapy in 
soft-tissue sarcoma of the limbs: A randomised trial. Lancet 2002;359:2235–2241. [PubMed: 
12103287] 

19. Lansu J, Groenewegen J, van Coevorden F, et al. Time dependent dynamics of wound 
complications after preoperative radiotherapy in extremity soft tissue sarcomas. Eur J Surg Oncol 
2019;45:684–690. [PubMed: 30316565] 

20. Slump J, Bastiaannet E, Halka A, et al. Risk factors for postoperative wound complications after 
extremity soft tissue sarcoma resection: A systematic review and meta-analyses. J Plast Reconstr 
Aesthet Surg 2019;72:1449–1464. [PubMed: 31302071] 

21. Parham DM, Webber BL, Jenkins JJ 3rd, Cantor AB, Maurer HM. Nonrhabdomyosarcomatous 
soft tissue sarcomas of childhood: Formulation of a simplified system for grading. Mod Pathol 
1995;8:705–710. [PubMed: 8539226] 

22. Coindre JM, Trojani M, Contesso G, et al. Reproducibility of a histopathologic grading system for 
adult soft tissue sarcoma. Cancer 1986;58:306–309. [PubMed: 3719523] 

23. Therasse P, Arbuck SG, Eisenhauer EA, et al. New guidelines to evaluate the response to 
treatment in solid tumors. European Organization for Research and Treatment of Cancer, National 
Cancer Institute of the United States, National Cancer Institute of Canada. J Natl Cancer Inst 
2000;92:205–216. [PubMed: 10655437] 

Million et al. Page 10

Int J Radiat Oncol Biol Phys. Author manuscript; available in PMC 2022 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



24. Kaplan EL, Meier P. Nonparametric estimation from incomplete observations. J Am Stat Assoc 
1958;53:457–481.

25. Peto R, Peto J. Asymptotically efficient rank invariant test procedures. J R Statist Soc A 
1972;135:185–207.

26. Peto R, Pike MC, Armitage P, et al. Design and analysis of randomized clinical trials requiring 
prolonged observation of each patient. II. Analysis and examples.Br J Cancer 1977;35:1–39. 
[PubMed: 831755] 

27. Fine JP, Gray RJ. A Proportional hazards model for the subdistribution of a competing risk. J Am 
Stat Association 1999;94. 446, 496–509.

28. Carli M, Ferrari A, Mattke A, et al. Pediatric malignant peripheral nerve sheath tumor: the Italian 
and German soft tissue sarcoma cooperative group. J Clin Oncol 2005;23:8422–8430. [PubMed: 
16293873] 

29. Kepka L, DeLaney TF, Suit HD, Goldberg SI. Results of radiation therapy for unresected soft-
tissue sarcomas. Int J Radiat Oncol Biol Phys 2005;63:852–859. [PubMed: 16199316] 

30. Tinkle CL, Fernandez-Pineda I, Sykes A, et al. Nonrhabdomyosarcoma soft tissue sarcoma 
(NRSTS) in pediatric and young adult patients: Results from a prospective study using limited-
margin radiotherapy. Cancer 2017;123:4419–4429. [PubMed: 28759114] 

31. Ferrari A, De Salvo GL, Brennan B, et al. Synovial sarcoma in children and adolescents: the 
European Pediatric Soft Tissue Sarcoma Study Group prospective trial (EpSSG NRSTS 2005). 
Ann Oncol 2015; 26:567–572. [PubMed: 25488687] 

32. Gundle KR, Kafchinski L, Gupta S, et al. Analysis of margin classification systems for assessing 
the risk of local recurrence after soft tissue sarcoma resection. J Clin Oncol 2018;36:704–709. 
[PubMed: 29346043] 

33. Woll PJ, Reichardt P, Le Cesne A, et al. Adjuvant chemotherapy with doxorubicin, ifosfamide, 
and lenograstim for resected soft-tissue sarcoma (EORTC 62931): A multicentre randomised 
controlled trial. Lancet Oncol 2012;13:1045–1054. [PubMed: 22954508] 

34. Rao AD, Chen Q, Million L, et al. Preoperative intensity modulated radiation therapy compared 
to three-dimensional conformal radiation therapy for high-grade extremity sarcomas in children: 
Analysis of the Children’s Oncology Group Study ARST0332.Int J Radiat Oncol Biol Phys 
2019;103:38–44. [PubMed: 30213752] 

35. Al Yami A, Griffin AM, Ferguson PC, et al. Positive surgical margins in soft tissue sarcoma 
treated with preoperative radiation: Is a postoperative boost necessary? Int J Radiat Oncol Biol 
Phys 2010;77: 1191–1197. [PubMed: 20056340] 

Million et al. Page 11

Int J Radiat Oncol Biol Phys. Author manuscript; available in PMC 2022 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Fig 1. 
Treatment algorithm for COG ARST0332 risk-based treatment for nonrhabdomyosarcoma 

soft tissue sarcoma in patients under age 30. The gray area highlights nonmetastatic 

treatment arms B,C, and D of patients assigned to radiation therapy.
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Fig 2. 
Cumulative incidence for local recurrence by treatment arm, extent of resection, and 

radiation therapy (45 Gy, 55.8 Gy, 64 Gy, no radiation therapy).
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Fig 3. 
Event-free survival by treatment arm (B, C, and D) and extent of resection (R0/R1/R2 or 

unresected).
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