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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
(RO: 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 R0O/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 RO/R1 margins.
Overall LC after RT were as follows: RO, 106 of 109 (97%); R1, 51 of 60 (85%); and R2/
unresectable, 2 of 6 (33%). LR predictors include extent of delayed resection (£<.001), imaging
response before delayed surgery (P < .001), histologic subtype (£<.001), and no RT (P=.046).
The 5-year event-free survival was significantly lower (£ =.0003) for patients unable to undergo
RO/R1 resection.

Conclusions: Risk-based treatment for young patients with high-grade NRSTS treated on
ARST0332 produced very high LC, particularly after RO resection (97%), despite lower-than-
standard RT doses. Neoadjuvant CT/RT enabled delayed RO/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

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 RO 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.8 The goal for all other patients was to achieve
high LC rates via RO 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.”-8

RT doses >60 Gy routinely used for resected STS in adults have since been adopted in
children®-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 RO 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.1415 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.1%:29 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.® 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.2122 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, RO 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 RO
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 RO 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.

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

Results

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.2” Follow-up was current to June 30, 2018 when
the study database was frozen for analysis.

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 RO 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: RO, 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 RO 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.

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 2= .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 RO
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
RO patients with =5 mm margins did not require a boost. It was not possible to determine
whether a boost was required for 20 RO patients for whom the margin depth was not

Int J Radiat Oncol Biol Phys. Author manuscript; available in PMC 2022 July 01.
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recorded. The remaining 67 patients on arm D required a boost and 32 received it: 16 of 43
RO 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 RO/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.” 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%).1428 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 RO/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.2? Three of 4 tumors in our study not amenable
to RO/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 RO resection.39 This observation
raises the question of whether further reduction of therapy is feasible in patients in whom

an upfront RO 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 RO 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.3!

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 RO 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 RO 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 RO <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.3° 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 RO
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 RO/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 RO 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.
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Diagnosis of eligible soft tissue sarcoma
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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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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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