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SUMMARY

Background—Tumor grade, size, resection potential, and extent of disease influence outcome in
pediatric non-rhabdomyosarcoma soft tissue sarcoma (NRSTS) but no risk stratification systems
exist and the standard of care is poorly defined. This trial evaluated a risk stratification system
developed from known prognostic factors in the context of risk-adapted therapy for young NRSTS
patients. Treatment goals were to limit radiotherapy use in low-risk disease, decrease radiotherapy
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doses in those requiring it, and evaluate the feasibility/efficacy of a neoadjuvant
chemoradiotherapy approach for higher-risk disease.

Methods—The primary objective of ClinicalTrials.gov was to assess event-free survival (EFS),
overall survival (OS), and the pattern of treatment failure in patients with NRSTS treated with a
risk-based strategy. Age < 30 years, performance status > 50 [Lansky (<16 years),Karnofsky (>16
years)] and a new diagnosis of a World Health Organization (2002 criteria) intermediate (rarely
metastasizing) or malignant soft tissue tumor (except tumor types eligible for other Children’s
Oncology Group studies and those for whom the therapy in this trial was deemed inappropriate),
malignant peripheral nerve sheath tumor, non-metastatic and grossly resected
dermatofibrosarcoma protuberans, undifferentiated embryonal sarcoma of the liver, or unclassified
malignant soft tissue sarcoma were eligible. Patients were assigned to 3 risk groups: low [non-
metastatic RO (negative-margin resection)/R1 (microscopic positive-margin resection) low-grade
or <5 cm high-grade tumor], intermediate (nonmetastatic RO/R1 >5 cm high-grade or non-
metastatic unresected tumor of any size or grade) or high (metastatic tumor) and 4 treatment arms:
A (surgery only): Nonmetastatic RO/R1 low-grade or <5 cm RO high-grade tumor; B (55-8 Gy
radiotherapy): Non-metastatic <5 cm R1 high-grade tumor; C (ifosfamide/doxorubicin, 55-8 Gy
radiotherapy): Non-metastatic RO/R1 >5 cm highgrade or metastatic RO/R1 tumor; D (ifosfamide/
doxorubicin and 45 Gy radiotherapy, then surgery and radiotherapy boost based on margins: RO
none, R1 10-8 Gy, R2/no surgery 19-8 Gy): unresected tumor +/— metastases. Chemotherapy
included 6 cycles of ifosfamide 3 g/m2/dose intravenously on days 1-3 and 5 cycles of
doxorubicin 75 mg/m2/dose intravenously on days 1-2 every 3 weeks with sequence adjusted
based on timing of surgery/radiotherapy. This analysis of the completed trial excluded 21 patients
treated on the incorrect arm.

Findings—Five-hundred twenty-nine eligible/evaluable patients enrolled between 2/5/07 and
2/20/12; low-risk (n=222), intermediate-risk (n=227), high-risk (n=80); Arm A (n=205), B (n=17),
C (n=111), D (n=196). Tumors included 33 histologies; 72% highgrade, 63% >5 cm, 15%
metastatic. At a median follow-up of 6-5 years (IQR 2.9 years), 5-year EFS and OS were: low-risk
[88:9% (95% CI, 84-0-93-8%) and 96-2% (95% CI, 93-2-99-2%)], intermediate-risk [65-0% (95%
Cl, 58-2-71-8%) and 79-2% (95% ClI, 73-4-85:0%)], high-risk [21:2% (95% CIl, 11.4-31-1%) and
35:5% (95% Cl, 23-6-47-4%)]. No toxic deaths were reported. Ten patients experienced
unexpected grade 4 adverse events (2 Arm C, 8 Arm D), including 4 wound complications that
required surgery (all Arm D). Eleven additional wound complications precluded initiation of
postoperative therapy within 5 weeks of tumor resection in Arm D patients. Neoadjuvant
chemoradiotherapy in intermediate-/highrisk Arm D patients proved feasible: isolated local tumor
progression occurred in 5% during this therapy, delayed RO/R1 resection was achieved in 91%
who completed neoadjuvant chemoradiotherapy, and 11% who underwent delayed surgery
experienced significant wound complications. Risk group predicted EFS and OS (p<0-0001).

Interpretation—Pre-treatment clinical features can be used to effectively define treatment failure
risk and to stratify young NRSTS patients for risk-adapted therapy. Most low-risk patients can be
cured without adjuvant therapy, thereby avoiding known long-term treatment complications. The
radiotherapy dose may be safely lowered to 55-8 Gy for patients in all risk groups requiring
adjuvant treatment. A neoadjuvant chemoradiotherapy and delayed surgery strategy permits less
radiotherapy exposure while still achieving a high rate of local disease control with few
complications, so is the preferred approach for unresected intermediate-/high-risk tumors. Survival
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remains suboptimal for intermediate-/high-risk patients and novel therapies are needed. Funded by
grants from the National Institutes of Health to the Children’s Oncology Group, the Imaging and
Radiation Oncology Core, and St. Jude Children’s Research Hospital, and by 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.
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INTRODUCTION

Long-term survival in childhood rhabdomyosarcoma has improved from about 35% in the
1960s to nearly 70% today, due partly to the participation of thousands of patients in North
American and European cooperative group therapeutic trials since the inception of the first
Intergroup Rhabdomyosarcoma Study (IRS-1) in 1972. In contrast, fewer than 200 pediatric
patients with non-rhabdomyosarcoma soft tissue sarcomas (NRSTS) were enrolled in
prospective therapeutic trials in North America in the 35 years following the successful
launch of IRS-1.2-4 In Europe, certain rhabdomyosarcoma studies included NRSTS patients,
yielding modest information about outcomes for these patients with therapy designed for
rhabdomyosarcoma.®6 Data from patients over 16 years of age has been used in the
development of most published nomograms for predicting outcomes in soft tissue sarcoma
patients. An attempt to apply one of these nomograms to a pediatric population showed that
although the variables included were relevant, actual mortality in pediatric patients was
higher than in adults and tumor size and depth were stronger predictors of outcome in the
pediatric population. The limited pediatric data suggest that the primary drivers of outcome
in pediatric NRSTS are tumor grade, maximal tumor diameter, presence/absence of
metastases, and extent of surgical resection.”~10 These prognostic factors formed the basis
for a novel risk stratification system developed for pediatric NRSTS. Children’s Oncology
Group (COG) study ARST0332 prospectively evaluated this risk stratification system in the
context of risk-adapted therapy designed to limit treatment exposures for lower risk patients
and to intensify therapy for higher risk patients (Figure 1).

Patients with low-grade or <5 cm high-grade tumors who have undergone negative (R0) or
microscopically positive (R1) tumor resection are known to have favorable outcomes
without systemic therapy and constituted the low-risk subgroup.*7:10 ARST0332 sought to
limit radiotherapy-related toxicity in these patients by eliminating its use or lowering the
dose administered. Although previous studies had documented that low-grade NRSTS is
readily cured with RO resection alone, several retrospective adult studies in the 1990s
suggested that radiotherapy might also be safely omitted following RO resection of high-
grade NRSTS.11.12 Although there was no clear evidence that tumor size correlated with the
risk of local recurrence in these studies, we elected a conservative approach of omitting
radiotherapy only for <5 cm high-grade tumors following RO resection.
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Limited retrospective data documented that omission of adjuvant radiotherapy for R1 low-
grade tumors produced a local recurrence rate of only 25% without any effect on disease-
specific survival.13 Therefore, we also adopted a surgery-only strategy for patients with low-
grade tumors with R1 margins following maximal surgery, aiming to prevent the majority of
these patients from receiving radiotherapy while recognizing that a small subset would
require further treatment for local recurrence. Low-risk patients with <5 cm high-grade R1
tumors received adjuvant radiotherapy, although the dose was restricted to 55-8 Gy with the
goal of decreasing the risk of secondary neoplasia, which had been shown to be radiation
dose-dependent with doses = 60 Gy carrying the highest risk in young Ewing sarcoma
patients.14

Patients with non-metastatic >5 cm, high-grade or unresectable tumor of any grade or size
have an approximately 50% survival rate and constituted the intermediaterisk group,27-2
whereas patients with metastatic disease have a less than 20% survival rate and comprised
the high-risk group.23:8 A dose-intensive regimen of ifosfamide and doxorubicin was used
for these patients because these agents are the most active overall in soft tissue sarcomas,® a
prior pilot study had confirmed the safety and efficacy of this combination in pediatric
patients,2 and the dose intensity of both agents might be important.16:17 Although some
histologic subtypes such as alveolar soft part sarcoma were thought to be chemoresistant,
patients with all histologic subtypes were included on the chemotherapy treatment arms due
to the lack of prospective data on chemoresponsiveness in pediatric patients and evidence
that some tumor types differ biologically and clinically in young patients. Patients with
unresected tumors received neoadjuvant chemotherapy and radiotherapy because a
retrospective pediatric analysis suggested that combined modality therapy might facilitate
more complete surgical resection,? this approach was proven safe and effective in adults,18
and the potentially lower radiotherapy doses and smaller field sizes might reduce long-term
toxicity in this young patient population.

This article evaluates the predictive value of the risk-stratification system used in
ARST0332, the outcomes observed with the risk-based treatment approach utilized, and the
analysis to identify other prognostic features in the context of this therapeutic approach.
Other study objectives of ARST0332 will be reported in future publications.

METHODS

Study Design and Participants

Patients under 30 years of age with NRSTS of any stage diagnosed within the prior 12
weeks who met the inclusion and exclusion criteria described below were eligible for this
therapeutic study after the protocol (Appendix, page 1) was approved by the institutional
review board at the treating institution. Written informed consent was required of patients
and/or their parents or legal guardians as appropriate. With the exception of tumor types
eligible for other COG studies (rhabdomyosarcoma, Ewing sarcoma, desmoplastic small
round cell tumor, malignant rhabdoid tumor) and those for whom the therapy in this trial
was deemed inappropriate (infantile fibrosarcoma, unresectable/metastatic
dermatofibrosarcoma protuberans), all malignant and intermediate (rarely metastasizing)
soft tissue tumors included in the 2002 World Health Organization (WHO) criterial® were
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included. Additionally, malignant peripheral nerve sheath tumor, embryonal sarcoma of the
liver, non-metastatic grossly resected dermatofibrosarcoma protuberans, and undifferentiated
and unclassified soft tissue sarcomas were eligible. Submission of representative tumor
tissue via enrollment on the COG soft tissue sarcoma biology study, D9902, was compulsory
and submission of additional tissue for banking for research studies was encouraged. The
diagnosis by the 2002 WHO criterial® and histologic grade by POG (Pediatric Oncology
Group)2 and FNCLCC (Federation Nationale des Centres de Lutte Contre le Cancer)?!
criteria were confirmed in all cases by central review of submitted tumor tissue by two
pediatric soft tissue pathologists; discrepancies were resolved by consensus review.
Intermediate (rarely metastasizing) tumors were considered POG grade 1 for the purpose of
treatment assignment. After the study was completed, all diagnoses were updated according
to the 2013 WHO soft tissue tumor classification?2 by two study pathologists who re-
reviewed submitted tumor tissue when required. Tumors that were thoroughly evaluated and
found to be undifferentiated but contained multiple morphologic patterns or otherwise
precluded categorization within a single subtype according to the WHO guidelines were
coded as undifferentiated sarcoma NOS. Tumors that were confirmed to be eligible soft
tissue sarcomas but were inadequately evaluated to define a specific diagnosis, usually due
to insufficient specimen, were coded as unclassified soft tissue sarcoma. The extent of tumor
resection was defined as RO (no malignant cells microscopically evident at the resection
margin), R1 (malignant cells evident microscopically at the resection margin), or R2
(malignant cells grossly evident at the resection margin).23 RO/R1 resection of the primary
tumor was required within 6 weeks prior to study entry except for those with metastatic
disease, unresectable tumor (defined as inability to achieve an RO/R1 resection without
unacceptable morbidity), or nonmetastatic high-grade tumor > 5 cm in maximal diameter
with gross or microscopic residual tumor anticipated following resection. Primary re-
excision was recommended in all R1 tumors where RO margins were thought to be
achievable. Sentinel lymph node biopsy or lymph node sampling was required for
epithelioid sarcoma and clear cell sarcoma and for those with clinical or radiographic
evidence of regional lymph node enlargement; lymph node dissection was required for those
with involved lymph nodes. Biopsy confirmation of metastases was required if all metastases
were < 1 ¢cm in maximal diameter.

A performance status score = 50 (Lansky age <16 years, Karnofsky age >16 years) and a =3
month life expectancy with appropriate therapy were required. Organ function requirements
included absolute neutrophil count = 1000/mm3, platelet count = 100,000/mm3, creatinine
clearance or radioisotope glomerular filtration rate (GFR) = 70 ml/min/1-73 m2 or normal
serum creatinine for age, unimpeded urinary flow via decompression of obstructed portions
of the urinary tract, total bilirubin < 1-5x the upper limit of normal for age, shortening
fraction = 24% by echocardiogram or ejection fraction = 50% by radionuclide angiogram,
no dyspnea at rest, no exercise intolerance, and for those with respiratory symptoms, a
resting pulse oximetry reading of >94% on room air. Patients eligible for Arm C or D were
required to meet all of the organ function requirements; those eligible for Arm B were
required to meet the bone marrow function requirements as well as the requirements
pertaining to the organs within the radiotherapy field. A negative pregnancy test was
required for female patients of childbearing age eligible for Arms B, C, or D. Sexually active
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patients of childbearing potential were required to agree to use effective contraception
during and for at least 1 month after therapy completion, and lactating women eligible for
Arm C or D were required to agree not to breastfeed during treatment and for at least 1
month after therapy completion. Exclusion criteria included prior anthracycline or
ifosfamide chemotherapy (only for patients eligible for Arms C and D) and prior
radiotherapy to tumor-involved sites.

Primary tumor features including anatomic site, maximal diameter, depth, and bone or
neurovascular invasiveness were defined by two pediatric radiologists who reviewed
baseline imaging studies; discrepancies were resolved by consensus review. For patients who
had undergone tumor resection before baseline imaging, primary tumor features were
assigned by central review of operative notes and pathology reports by orthopedic and
pediatric surgeons. Sites of metastatic disease and the extent of resection of the primary
tumor and metastases were confirmed by central review of imaging studies, operative notes,
and pathology reports; discrepancies between radiology and surgery reviewers were resolved
by the study chair.

Based on tumor features (maximal diameter, POG grade, presence/absence of metastatic
disease) and the extent of surgery prior to enrollment, each patient was assigned to one of
three risk groups (low, intermediate or high) and one of four treatment arms (A, B, C or D)
(Figure 1). The low-risk group included patients who had undergone RO or R1 resection of a
non-metastatic low-grade or <5 cm highgrade tumor. The intermediate-risk group
comprised patients who had undergone RO or R1 resection of a non-metastatic > 5 cm high-
grade tumor or had an unresected, non-metastatic tumor of any grade or size. The high-risk
group included patients with nodal or distant metastases.

Patients on Arm A had undergone RO/R1 resection of a non-metastatic low-grade tumor or
RO resection of a non-metastatic, <5 cm high-grade tumor before study entry and received
no adjuvant therapy. Patients on Arm B had undergone an R1 resection of a <5 cm high-
grade tumor and received 55-8 Gy (31 fractions of 1.8 Gy) adjuvant radiotherapy starting
within 6 weeks of surgery.

Table 1 shows the therapy schema for patients on Arms C and D. Although the sequence of
every 3 week drug administration differed for the two treatment arms and depended on the
type and timing of radiotherapy, the dose per cycle [ifosfamide: 3 g/m?/dose (1-5 g/m?/dose
for age < 1 year) intravenously over 3 hours on days 1, 2, and 3; doxorubicin: 37-5 mg/m?/
dose (18-75 mg/m2/dose for age < 1 year) intravenously over 24 hours on days 1 and 2] and
cumulative dose [ifosfamide 54 g/m? (27 g/m? for age < 1 year); doxorubicin 375 mg/m?
(187-5 mg/m? for age < 1 year)] were identical for all patients assigned to receive
chemotherapy. Those assigned to Arm C had undergone RO/R1 resection of a non-metastatic
>5 cm highgrade or metastatic tumor. They received ifosfamide/doxorubicin chemotherapy
and 55-8 Gy (31 fractions of 1.8 Gy) primary site radiotherapy starting at week 4 after the
second cycle of chemotherapy.
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Patients assigned to Arm D had undergone R2 or no resection at the primary site at study
entry, with or without metastases, and received neoadjuvant chemotherapy (2 cycles
ifosfamide/doxorubicin, 2 cycles ifosfamide alone) and 45 Gy (25 fractions of 1.8 Gy)
primary site radiotherapy starting at week 4 after the second cycle of chemotherapy.
Definitive primary tumor resection was performed at week 13, if feasible, with the goal of
achieving RO margins; re-excision to achieve RO margins was encouraged. Regardless of the
extent of surgery, chemotherapy was continued postoperatively starting 2-5 weeks after
surgery depending on wound healing. A primary site radiotherapy boost was given
immediately after the first cycle of postoperative chemotherapy for those with residual tumor
after surgery [10-8 Gy (6 fractions of 1.8 Gy) for R1 (cumulative dose 55. 8 Gy) and 19-8
Gy (11 fractions of 1-8 Gy) for R2 or no surgery (cumulative dose 64-8 Gy)].

Primary site cumulative radiotherapy doses of 45 Gy (RO margin at delayed surgery), 55-8
Gy (RO margin at upfront surgery or R1 margin at delayed surgery), and 64-8 Gy (R2 margin
or no surgery) were selected based on high local control rates achieved in adult soft tissue
sarcoma trials with similar doses'8 and evidence that higher radiotherapy doses in pediatric
sarcoma patients increase secondary neoplasia risk.14 Radiotherapy target volumes and
dosimetry was centrally reviewed at the Imaging and Radiation Oncology Core (IROC)
within 3 days of the start and end of all radiotherapy for compliance with protocol
guidelines. Pathologically involved lymph nodes were excised at the time of primary tumor
resection. Clinically or pathologically involved lymph nodes were included with the primary
tumor site in the radiotherapy clinical target volume and treated at the same time. Distant
metastases were excised at the end of therapy when feasible. Radiotherapy to all residual
metastases was recommended at the end of therapy (total dose 50 Gy in 2 Gy fractions).
Whole lung or whole abdomen/pelvis radiotherapy was not recommended. Radiotherapy
was optional for children <24 months of age and for those with hepatic primary tumors,
although postoperative radiation for R1 margins after liver tumor resection was encouraged.
Protocol-specified radiotherapy was recommended for intraabdominal and retroperitoneal
tumors arising outside of the liver.

Toxicity was graded according to the National Cancer Institute Common Terminology
Criteria for Adverse Events, version 4-0. Adverse event reporting was required within 5
calendar days of learning of the event for grade 5 and unexpected grade 4 adverse events.
Patients with intolerable toxicity and those who developed a second malignant neoplasm
were removed from protocol therapy. Required laboratory monitoring included a complete
blood count with differential, electrolytes, blood urea nitrogen, creatinine, aspartate
aminotransferase, alanine aminotransferase, total bilirubin, albumin, and urinalysis before
each chemotherapy cycle. Initiation of each chemotherapy cycle required an absolute
neutrophil count = 750/microliter, platelet count = 75,000/microliter, total bilirubin < 1-5x
the upper limit of normal, and for doxorubicin-containing cycles except at week 4, a
shortening fraction 24% or ejection fraction 50% on echocardiogram or multigated
acquisition scan. For delays due to either neutropenia or thrombocytopenia at the time of
scheduled chemotherapy, dose modifications were made only if both ifosfamide and
doxorubicin were being given and included ifosfamide dose reduction first to 75 g/m%/cycle
(2:5 g/m?/dose x 3 days) and then to 6 g/m2/cycle (2 g/m?/dose x 3 days) if neutropenia
recurred. For grade 3 or 4 mucositis following doxorubicin, future cycles utilized the same
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total dose but shortened the infusion duration to 24 hours. If grade 3 or 4 mucositis recurred,
the doxorubicin dose was decreased to 60 mg/m?2/cycle (30 mg/m2/dose over 24 hours on
days 1 and 2) and the infusion was subsequently shortened to 24 hours for recurrent grade
3/4 mucositis. A =33% drop from baseline or abnormal estimated or measured creatinine
clearance or GFR required a 1 week delay; persistence for >1 week resulted in replacement
of all future ifosfamide doses with cyclophosphamide 700 mg/m?/dose IV over 1 hour on
days 1, 2, and 3. Cyclophosphamide was substituted for ifosfamide in an identical manner
for development of Fanconi syndrome. Doxorubicin-containing chemotherapy was delayed
for 1 week for shortening fraction <24% or ejection fraction <50%, with permanent
discontinuation of doxorubicin for persistence of left ventricular systolic dysfunction despite
correction of malnutrition. The doxorubicin dose was decreased by 50% for the next cycle
after liver irradiation. Direct hyperbilirubinemia prompted omission of doxorubicin for total
bilirubin > 6 mg/dL and a dose reduction of 50% for total bilirubin 4-1-6 mg/dL or 25% for
total bilirubin 2.1-4 mg/dL. Acute ifosfamide-related neurotoxicity was treated with
methylene blue every 6 hours until resolution; methylene blue prophylaxis was
recommended daily prior to each subsequent ifosfamide dose. Transient gross and
microscopic hematuria was managed with increasing IV hydration and mesna dosing.
Omission of all further ifosfamide doses was recommended for recurrent gross hematuria or
persistent microscopic hematuria. In Arm D patients, failure to initiate postoperative
chemotherapy within 5 weeks of surgery due to wound complications required removal from
protocol therapy.

Required baseline imaging included magnetic resonance (MR) or computed tomography
(CT) imaging of the primary tumor and draining lymph node bed, CT chest, and either
18FDG-PET scan or Tc® bone scan. On Arms C and D, MR or CT imaging of the primary
tumor, CT chest, and imaging of other metastatic sites identified at study entry were also
performed at week 13 and at the end of protocol therapy. Overall imaging response in
patients with gross disease at study entry was coded as complete response (CR), partial
response (PR), stable disease (SD), or progressive disease (PD) using centrally reviewed
volumetric measurements of the primary tumor and the Response Evaluation Criteria in
Solid Tumors (RECIST) for metastases (Appendix page 136).24 Patients with tumor
progression or recurrence were removed from protocol therapy but remained on study until
death, loss to follow-up, withdrawal of consent for data submission, enrollment onto another
COG study with tumor therapeutic intent, or the tenth anniversary of study entry.
Submission of imaging studies and reports, operative notes, and pathology reports for central
review was mandatory for patients with tumor progression/recurrence and secondary
malignant neoplasms. Post-treatment imaging surveillance was performed at lengthening
intervals over a 5-year period. (Appendix page 137).

The primary objective of ARST0332 was to assess event-free survival (EFS), overall
survival (OS), and the pattern of treatment failure in patients under 30 years of age with
NRSTS treated with a risk-based strategy. Secondary objectives reported in this manuscript
include evaluation of the feasibility of a neoadjuvant chemoradiotherapy approach in
patients with intermediate- and high-risk disease, prospective identification of clinical
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prognostic factors associated with EFS and OS, and assessment of the predictive value of
imaging response following neoadjuvant chemoradiotherapy. Due to the large amount of
data to be reported, secondary objectives that will be addressed in future manuscripts
include: 1) prospective identification of clinical prognostic factors associated with local and
distant recurrence, 2) correlation of findings of biologic studies performed on tumor tissue
from enrolled patients with their outcomes, 3) assessment of the concordance between
institutional and central pathology review of diagnosis and histologic grade, 4) comparison
of the POG and FNCLCC pathologic grading systems for predicting outcomes, and 5)
determine whether imaging or pathologic response correlates best with clinical outcomes.

Statistical Analysis

The primary aim of this trial was to assess if a risk stratification system based on clinical
prognostic factors that had been identified in retrospective studies would separate young
NRSTS patients into significantly different prognostic subgroups in the context of risk-based
therapy and, in this setting, if each of the factors utilized for treatment allocation would be a
strong predictor of outcome. Because this was the first COG protocol to study NRSTS and
the anticipated accrual rate was uncertain, a fixed 5-year accrual period was planned with the
goal of evaluating outcomes in each unique risk subgroup. Due to lower than anticipated
accrual to the low-risk arm, plans to separately evaluate outcomes in each of the 4 low-risk
subsets were removed and replaced with a plan to evaluate outcome in the low-risk subset
overall, and a fixed 5-year accrual period was maintained.

Three protocol amendments were approved that affected trial recruitment or conduct: 1)
eligibility criteria modified to permit enrollment prior to central pathology review and
statistical plan updated to reflect lower than anticipated accrual to the low-risk arm (6/1/09),
2) clarified that bone primary tumors were not eligible (3/23/11), 3) set a maximum accrual
number (600 patients) anticipated to be necessary to adequately address the study questions
(5/6/11).

To monitor for an unacceptably high death rate in low-risk patients, a formal power
calculation was performed: a total sample size of 100 would provide 90% power (testing at
the 10% level of significance, one-sided) to detect an increased risk of death of 1-97 (long-
term survival of 81%). Interim monitoring of survival of low-risk patients was planned at
30% and 70% of the expected information. No formal interim monitoring of EFS and OS
was planned for intermediate- and high-risk patients because the planned systemic therapy
was considered to be standard-ofcare. Interim monitoring of the cumulative incidence of
isolated local recurrence for patients treated on arm D was planned after 15, 30, and 45
isolated local failures were observed.

Since the goal was to evaluate outcomes among patients treated according to the risk-based
treatment plan, the final data analysis was performed per protocol guidelines (i.e., the “as
treated” principle”). The only patients excluded from the toxicity and EFS/OS analyses were
those deemed ineligible for the study and those treated on the incorrect arm (Figure 2). EFS
was defined as the time from study enrollment to disease progression or recurrence, second
malignant neoplasm, or death from any cause, whichever occurred first. OS was defined as
the time from study enrollment to death from any cause. EFS and OS were censored at the
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patient’s last contact date. Patient follow-up was current through 6/30/18. EFS and OS rates
were estimated using the Kaplan-Meier method2® with confidence intervals estimated by the
Peto-Peto method2® and were compared between groups using the log-rank test.2’

The study protocol specified that the following factors would be evaluated for their influence
on EFS and OS: primary site, tumor size, tumor depth, tumor invasiveness, histologic grade
(POG and FNCLCC), metastatic status, extent of primary tumor resection, extent of
resection of metastases, microscopic surgical margins, imaging response to therapy,
pathologic response to therapy, risk group, and treatment arm. Post-hoc, demographic
features including age, sex, race, and ethnicity as well as histologic diagnosis (synovial
sarcoma vs. other diagnosis) were analyzed. Since intermediate-risk patients could undergo
tumor resection prior to study entry or in a delayed fashion, we also evaluated whether the
timing of surgery and the extent of resection (R0/R1 vs. R2/no resection, RO vs. R1)
influenced EFS/OS. This analysis was not performed in high-risk patients because their
EFS/OS were poor and most treatment failures were due to metastases. Clinical prognostic
factors were evaluated independently with the log-rank test. Associations between
prognostic factors were evaluated with the Chi-square test. Statistical significance was
determined at the 0-05 level. No correction for multiple comparisons was considered. SAS
version 9-4 software was used for the statistical analyses. This study is registered with
ClinicalTrials.gov, number .

Role of the Funding Source

The National Institutes of Health (NIH), through the Cancer Therapy Evaluation Program,
reviewed and approved the study design and original and amended versions of the protocol.
COG approved the study design and all versions of the protocol, oversaw the study conduct
including data collection, cleaning, analysis, and interpretation, and approved the final
manuscript for publication. IROC (Imaging and Radiation Oncology Core Cooperative)
participated in radiotherapy case review. Other funding sources provided salary support to
protect investigator time for study conduct but had no role in study design, conduct, or
reporting. SLS, YYC, JA, JT, and EH had access to the raw data. None of the sponsors
participated in writing the manuscript. The corresponding author had full access to all of the
data and the final responsibility to submit for publication.

RESULTS

Figure 2 shows the disposition of the 588 patients enrolled between 2/5/07 and 2/20/12 (see
Appendix page 138 for a list of participating institutions and number of patients enrolled at
each site). Thirty-eight ineligible patients and 21 patients treated on an arm that differed
from the treatment arm assigned by the protocol were excluded from all analyses, leaving
529 patients in the analytic cohort who were treated on Arm A (n=205, 39%), B (n=17, 3%),
C (111, 21%), or D (196, 37%). Table 2 shows the patient characteristics at study entry.

The 205 low-risk Arm A patients with non-metastatic RO/R1 low-grade and <=5 cm RO
high-grade tumors were observed without adjuvant therapy. Among the 17 lowrisk Arm B
patients (including 5 patients with <5 mm margins after RO resection), 15 (88%) received
55-8 Gy of adjuvant radiotherapy and 2 (12%) went off protocol therapy before radiotherapy.
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The 111 Arm C patients (91 intermediate-risk, 20 highrisk) received chemotherapy and 85
(77%) received primary site radiotherapy (median dose 55-8 Gy, range 28-5-57-6 Gy).

The 196 Arm D patients (136 intermediate-risk, 60 high-risk) received neoadjuvant
chemotherapy and 155 (79%) received radiotherapy to the primary tumor (median dose 45-0
Gy, range 14-4-68-8 Gy). Thirty-one patients were removed from protocol therapy prior to
week 13 for reasons other than PD (22 physician decision, 8 patient/guardian refusal, 1
toxicity). Excluding these 31 patients and the 13 patients with inevaluable imaging, imaging
response was evaluable in 152 patients: CR (n=2, 1%), PR (n=47, 31%), SD (n=82, 54%),
PD (n=21, 14% including 15 removed from protocol therapy for PD before week 13). Eight
of the 21 PD patients (38%) had isolated local tumor progression. Five of these 8 patients
(63%) survived > 3 years from study entry, including 2 patients with PD by imaging criteria
but who remained on protocol therapy (pseudoprogression); two patients died of metastatic
disease progression (1 with stable lung metastases at the time of primary tumor PD) and one
died in a car accident. Excluding the 52 patients removed from protocol therapy (22
physician decision, 8 patient/guardian refusal, 1 toxicity, 21 PD), 144 patients were eligible
for surgery at week 13. Extent of resection in these 144 patients was R0 (n=111, 77%), R1
(n=21, 15%), R2 (n=3, 2%), and no surgery (n=9, 6%). Among 222 low-risk patients, 219
(99%) completed protocol therapy. Reasons for non-completion were PD (n=1) and
physician/patient decision (n=2). Among 227 intermediate-risk patients, 175 (77%)
completed protocol therapy. Reasons for non-completion in the remaining 52 patients were
consent withdrawn (n=2, 4%), PD (n=11, 21%), patient/physician decision (n=31, 60%), and
wound complications (n=8, 15%). Among 80 high-risk patients, 39 (49%) completed
protocol therapy. Reasons for non-completion in the 41 remaining patients were PD (n=19,
46%), patient/physician decision (n=18, 44%), wound complications (n=3, 7%), or other
intolerable toxicity (n=1, 3%). Nineteen patients (24% of high-risk patients) underwent
gross resection of all metastases, 11 prior to study entry and 8 during protocol therapy. Ten
patients received radiotherapy to one or more metastatic sites (13% of high-risk patients),
most commonly to lungs (n=3), soft tissues (n = 3), and bone (n=2).

Overall compliance with protocol treatment guidelines was good. Eighteen of 307 patients
treated with chemotherapy (6%) had unplanned chemotherapy dose modifications, 12
intermediate-risk and 6 high-risk. Of the 324 patients assigned to a radiotherapy-containing
treatment arm, 66 (20%) did not receive radiotherapy due to: amputation (3, 4%), age < 24
months (5, 8%), hepatic primary tumor (29, 44%), removal from protocol therapy before
radiotherapy due (27, 41%), or protocol violation (2, 3%). Among 34 patients eligible for a
radiotherapy boost after delayed surgery, 5 did not receive it (15%) secondary to removal
from protocol therapy due to patient/physician decision (n=4) or spinal cord tolerance (n=1),
and 2 patients received a higher boost dose than prescribed by the protocol. Among the 7
patients with radiotherapy deviations, 5 were intermediate-risk and 2 were high-risk. Four-
hundred twelve of the 529 evaluable patients (78%) were alive at the time of this analysis,
with a median follow-up of 6-5 years (IQR 29 years); 92% of surviving patients (379 of
412) had more than 2 years of follow-up. At 5 years, estimated EFS and OS were 68% (95%
Cl: 63:4-72:5%) and 79-4% (95% CI: 75-5-83-4%) for the entire cohort, and both EFS and
OS differed significantly by risk group and treatment arm (all p<0-0001) (Figures 3-5).
Table 3 shows EFS and OS by clinical features, risk group, treatment administered, and
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response to therapy. The 214 first events included local recurrence/progression (n=42, 20%;
13 Arm A, 2 Arm B, 9 Arm C, 18 Arm D), metastatic recurrence/progression +/— local
recurrence/progression (n=118, 74%; 7 Arm A, 2 Arm B, 32 Arm C, 77 Arm D), second
malignant neoplasm (n=12, 6%; 1 Arm A, 1 Arm B, 5 Arm C, 5 Arm D), and death (n=1,
<1%; Arm C).

In univariate analysis (Table 3), the 5 factors used for treatment stratification [metastases
(present vs. absent), POG grade (low [1/2] vs. high [3]), tumor size (£ 5 cm vs. > 5 cm),
extent of resection (RO/R1 vs. R2/unresectable), and margin status (RO vs. R1)] were each
strongly associated with EFS and OS. Other factors with strong association with EFS and
OS were tumor depth (superficial vs. deep), invasiveness (non-invasive vs. invasive), and
FNCLCC grade (1 vs. 2/3). These 3 factors were each strongly associated with all of the 5
treatment stratification factors (Appendix page 142). Patients 2—10 years of age had a better
EFS than either younger or older patients (p=0-0005), but OS progressively declined with
increasing age group (p=0-0087). Sex, race, ethnicity, primary site, and histologic diagnosis
were not significant predictors of outcomes.

Overall outcomes in the low-risk group were excellent: 5-year EFS 88-9% (95% Cl, 84-0—
93-8%) and OS 96-2% (95% Cl, 93-2-99:2%). Events (n=26) included isolated local
recurrence/progression (n=15, 58%), metastatic recurrence/progression +/— local recurrence/
progression (n=9, 34%), and second malignant neoplasm (n=2, 8%). Isolated local
recurrence/progression occurred in 4 of 103 low-grade RO tumors (4%), 4 of 22 low-grade
R1 tumors (18%), 5 of 80 <5 cm high-grade RO tumors (9%), and 2 of 17 <5 cm high-grade
R1 tumors (18%). The 9 patients who developed metastases had 5 different high-grade
histology tumors that ranged from 2-3 to 4-5 cm in size (7 RO, 2 R1). Ten deaths were
reported among the 222 low-risk patients (5%): 9 due to PD (7 Arm A, 2 Arm B) and 1 due
to a second malignant neoplasm (Arm B).

Intermediate-risk patients had a 5-year EFS of 65% (95% ClI, 58-2—-71-8%) and OS of 79.2%
(95% ClI, 73-4-85%). Events (n=84) included isolated local recurrence/progression (n=22,
26%), metastatic recurrence/progression +/— local recurrence/progression (n=52, 62%),
second malignant neoplasm (n=9, 11%), and death (n=1, 1%). Fifty-five deaths were
reported among the 227 intermediate-risk patients (24%): 48 due to PD (13 Arm C, 35 Arm
D), 3 due to a second malignant neoplasm (2 Arm C, 1 Arm D), 2 due to toxicity after
protocol therapy completion (1 infection during chemotherapy for tumor recurrence, 1
surgical complication during neurofibroma treatment); 1 Arm C, 1 Arm D), and 2 due to
other reasons (car accident, cardiac failure due to tricuspid regurgitation; 1 Arm C, 1 Arm
D). As shown in Table 3, unresectable disease in intermediate-risk patients predicted poor
EFS [29:6% (95% CI 9:7-49-5%) for R2/no resection vs. 70:5% (95% Cl 63-5-77-4%) for
RO/R1 resection, p<0-0001] and OS [58:0% (95% CI 37-6—78-5%) for R2/no resection vs.
82-5% (95% CI 76-7-88-2%) for RO/R1 resection, p<0-0001].

Outcomes for upfront RO/R1 resection [EFS 69-7% (95% CI 59-5-79-8%) and OS 84-6%
(95% CI 76-6-92-6%)] were similar to those for delayed RO/R1 resection [EFS 71-2% (95%
Cl 61.8-80:8%) and OS 80-6% (95% CI 72-3—-88-8%)] (p=0-67 for EFS, p=0-50 for OS).
The likelihood of RO resection was similar whether it was performed upfront (52 of 91,
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57%) or in a delayed fashion (85 of 136, 63%). However, there was not a significant
difference in outcome for those who had an RO resection compared to those who had an R1
resection: EFS [71-8% (95% CI 63:680-0%) for RO vs. 67-3% (95% CI 54-4-80-2%) for R1,
p=0-36] and OS [83:5% (95% CI 76-8-90-3%) for RO vs. 79:9% (95% CI 69-0-90-9%) for
R1, p=0-79]. Outcomes for high-risk patients were poor, with estimated 5-year EFS of
21-2% (95% CI 11.4-31-1%) and OS of 35-5% (95% CI 23-6-47-4%), respectively. Events
(n=63) included isolated local recurrence/progression (n=5), metastatic recurrence/
progression +/— local recurrence/progression (n=57), and second malignant neoplasm (n=1).
Fifty-two deaths (12 Arm C, 40 Arm D) were reported among the 80 high-risk patients
(65%), 4 due to isolated local recurrence/progression and 48 due to metastatic recurrence/
progression +/— local recurrence/progression. Since only 19 patients underwent gross
resection of the primary tumor and metastases, it was not possible to determine whether
complete resection of all disease predicted a better outcome.

There were no toxic deaths during protocol therapy, and only one patient discontinued
therapy early (grade 4 encephalopathy due to ifosfamide, Arm D). Ten patients (2%)
experienced unexpected grade 4 adverse events (2 Arm C, 8 Arm D; 7 intermediate-risk, 3
high-risk). Four of these were Arm D wound complications: one developed an open wound
over the primary tumor during neoadjuvant chemoradiotherapy and underwent above-knee
amputation; the other 3 had wound complications following definitive surgery that required
operative intervention. Eleven additional Arm D patients were removed from protocol
therapy due to wound complications that precluded initiation of postoperative therapy within
5 weeks of surgery. These 15 wound complications that occurred in 135 Arm D patients who
underwent delayed surgery represents a wound complication rate of 11%. Thirteen second
malignant neoplasms have been reported among the 529 eligible/evaluable patients (2%; 1
Arm A, 1 Arm B, 5 Arm C, 6 Arm D; 2 low-risk, 10 intermediate-risk, 1 high-risk),
including 6 in patients with neurofibromatosis type | (5 MPNST and 1 brainstem glioma, all
outside of the prior radiotherapy field) and 1 in a patient with Li-Fraumeni syndrome (spinal
cord astrocytoma at the margin of the prior radiotherapy field). Other cancers not associated
with a documented genetic cancer predisposition syndrome included acute myelogenous
leukemia (n=3), papillary thyroid cancer (n=2, both outside the prior radiotherapy field), and
chondroblastic osteosarcoma (n=1, within the prior radiotherapy field).

DISCUSSION

This trial met its primary aim of confirming that the risk stratification system developed for
young patients with NRSTS separated patients into low-, intermediate, and high-risk
prognostic subgroups with statistically different EFS and OS in the context of risk-adapted
therapy. The 5 factors utilized in the risk stratification system (POG grade, tumor size,
metastatic status, extent of resection, and margin status) were each strongly predictive of
both EFS and OS. Adequate surgery, including primary re-excision whenever possible to
achieve negative margins, is the only one of these risk factors that is potentially modifiable
and continues to be important for achieving a cure. Further testing of the predictive value of
the risk model used in this study will be required to confirm its validity with alternate
therapeutic approaches. Additional analyses will also be needed to determine whether
certain patient subsets, such as those with particular histologic subtypes, had outcomes
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consistent with their risk assignment and benefitted equally from the risk-based therapeutic
approach utilized. Like other childhood cancer risk stratification systems that have been
developed over the last several decades, the risk model used in this clinical trial will help
clinicians plan risk-adapted therapy for young NRSTS patients that optimizes the likelihood
of cure while minimizing treatment exposures and also provides an important foundation for
future studies of pediatric NRSTS.

In this study, low-risk patients had excellent outcomes (5-year EFS 88-9% and OS 96-2%)
despite the fact that only 8% received adjuvant radiotherapy and none received
chemotherapy. Although high rates of local tumor control and universal survival were
anticipated and confirmed in low-grade tumors observed after RO resection,* 710 929 of
patients with <5 cm high-grade tumors observed after RO resection also remained free of
local recurrence. This suggests that radiotherapy can be safely avoided in this patient subset,
thereby avoiding long-term radiotherapy risks. Unfortunately 9% of low-risk patients with
high-grade tumors developed metastases. We were unable to identify unique features of
these patients that would permit them to be identified prospectively and treated with
systemic therapy.

Although retrospective case series in adults have reported similar outcomes for lowrisk
patients,11:12 to our knowledge this is the first prospective clinical trial of patients of any age
treated with wide resection alone for small high-grade soft tissue sarcomas. Based on our
findings, we recommend omission of RT following RO resection of both low-grade and <5
cm high-grade soft tissue sarcomas in young patients although further research is needed to
identify the few patients with highgrade tumors who deserve systemic therapy. Whether
radiotherapy can be safely omitted in patients with >5 cm high-grade tumors or in older
patients following RO resection is uncertain, although in a multivariate analysis of 684 soft
tissue sarcoma patients over 16 years of age treated with surgery alone, tumor size > 5 cm
(p=0-05) and age > 50 years (p=0-02) both predicted a higher risk of local recurrence.?8 Of
interest is that despite receiving no adjuvant therapy, only 4 of 22 patients (18%) with low-
grade R1 NRSTS experienced events, all of which were local recurrence/progression. Three
of these 4 patients were effectively salvaged; the remaining patient died of metastatic disease
5-6 years from local recurrence. This single death likely reflects aggressive tumor biology, as
local recurrence seems to be an indicator of biologic aggressiveness rather than a cause of
subsequent metastatic recurrence.® Although the small number of enrolled patients did not
permit a precise estimate of the likelihood of local failure in this particular patient subgroup,
the observed local recurrence rate was lower than expected.13 This, in combination with the
high rate of effective salvage for local recurrence of low-grade tumors documented in this
study and elsewhere, 1029 suggests that omission of radiotherapy should be considered in
patients with microscopic residual low-grade NRSTS after maximal resection. The only
potential exception is where local recurrence would create substantial risks. This
conservative approach to the use of radiotherapy could spare many children from the
burdens, cost, and toxicity of adjuvant radiotherapy, although it does produce a higher
therapy burden for those who experience local tumor recurrence.

Comparing outcomes for intermediate-risk patients in this study to historical controls is
difficult due to challenges in documenting past outcomes for this exact subgroup.
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Nevertheless, it appears that our EFS and OS were similar to or better than those reported in
the literature.2:3.7-10 Use of a standardized therapeutic approach with dose-intensive
ifosfamide/doxorubicin chemotherapy, image-guided conformal radiotherapy, improvements
in surgical techniques, and better supportive care may all have contributed to more favorable
outcomes.

Among patients with unresected tumor at study entry, the combination of ifosfamide/
doxorubicin chemotherapy and 45 Gy of radiotherapy proved feasible. Wound complications
that significantly delayed postoperative therapy or required operative intervention occurred
in 11% of patients who underwent surgery after neoadjuvant chemoradiotherapy. This rate is
similar to or perhaps slightly lower than the 11-29% wound complication rate reported in
adults treated with neoadjuvant chemoradiotherapy.18:30 In our study, neoadjuvant
chemoradiotherapy produced CR/PR rates and PD rates very similar to the 22-39% CR/PR
rate reported in pediatric and adult patients treated with either chemotherapy or
chemoradiotherapy”-18 and the 13-14% PD rate reported in adults treated with
chemoradiotherapy.1® Our PD rate was substantially lower than the 26% rate reported
previously in pediatric patients.? Although this may reflect better disease control due to
combining dose-intensive ifosfamide/doxorubicin with radiotherapy in a standardized
fashion, it is difficult to prove that low PD rates could not be achieved with either modality
alone.

Importantly, despite only a 32% CR/PR rate following neoadjuvant chemoradiotherapy, 92%
of patients who reached week 13 underwent an RO/R1 resection. Whether the combination
of chemotherapy and radiotherapy enhanced the resection potential is uncertain, but
chemoradiotherapy studies in adult soft tissue sarcoma have documented similarly high rates
of resection.18 Considering that tumors assigned to delayed resection likely were larger and
more invasive than those that underwent upfront resection, it is notable that the proportion of
RO resections was similar whether the operation was done prior to study entry or at week 13.
Since the timing of resection (upfront or delayed) did not impact EFS or OS and those who
underwent delayed RO resection received a lower total dose of radiotherapy (45 Gy, versus
55-8 Gy for those undergoing upfront RO resection), a delayed surgery approach should be
considered for patients who will require chemotherapy and radiotherapy. Other theoretical
considerations supporting radiotherapy administration prior to surgery include smaller
radiotherapy field sizes, greater efficacy of radiotherapy in tissues that are not hypoxic
following surgery, and a reduction in risk of secondary neoplasia following resection of the
majority of irradiated tissues. One potential downside of administering neoadjuvant therapy
prior to surgery is the risk of local tumor progression that renders the primary tumor
unresectable. However, we found that only 5% of patients evaluable for response after
neoadjuvant chemoradiotherapy experienced isolated local tumor progression and several of
these patients were salvaged, suggesting that delaying surgery until after neoadjuvant
therapy does not create significant risks. Based on all of these considerations, there is a
strong argument that pediatric NRSTS patients requiring both chemotherapy and
radiotherapy should receive combined modality therapy prior to tumor resection rather than
undergoing upfront surgery followed by chemotherapy and radiotherapy. However, careful
monitoring of the primary site by physical examination and/or imaging during neoadjuvant
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therapy is important to identify the small percentage of patients with disease progression
warranting earlier surgical intervention.

Despite intensive multimodality therapy, patients with high-risk metastatic disease fared
poorly with 5-year EFS 21:2% and OS 35:5%. These outcomes compare favorably to those
of past pediatric NRSTS trials,2:3 suggesting that the treatment strategy used in this study
(dose-intensive ifosfamide/doxorubicin chemotherapy, radiotherapy often administered in a
neoadjuvant setting, and surgical resection of all sites of disease) was modestly efficacious.
Our observation that only 49% of patients with metastatic disease completed protocol
therapy is concerning, though, and nearly half who discontinued treatment early did so due
to disease progression, usually metastatic. Since further intensification of cytotoxic
chemotherapy is not feasible, improvements in outcome for high-risk patients await
identification of novel therapies.

Major limitations of this study are the heterogeneity of the patient population in terms of
age, primary tumor sites, and histologic subtypes, which may have masked important
therapy considerations for selected patient subsets, and the absence of randomized
comparisons that could add confidence to our conclusions. Using historical controls to
inform our interpretation of this study is fraught with challenges including difficulty
identifying comparable patients, variability in therapy, and confounding factors including
unmeasurable advances in medical care over time that may have influenced outcomes.
Unfortunately, given the rarity of pediatric NRSTS, it is unlikely that randomized, controlled
clinical trials will be feasible even in the most common histologic subtypes without trans-
Atlantic collaboration or inclusion of adults. Therefore, the findings of this study and those
of the similar European paediatric Soft Tissue Sarcoma Group’s NRSTS 2005 study
conducted during the same timeframe will likely determine the standard of care for most
pediatric NRSTS patients for the foreseeable future.

In this era of precision medicine and targeted cancer therapy, our study demonstrates the
continued value of careful risk stratification and optimization of standard therapy. Many
questions about standard therapy remain. Is adjuvant radiotherapy needed for > 5 c¢cm, high-
grade tumors that are adequately excised? What is the minimum dose of radiotherapy
needed to achieve adequate local tumor control following R1 resection? In which settings
does chemotherapy measurably improve outcome, and what magnitude of outcome
improvement is worth exposing young patients to chemotherapy that carries significant long-
term risks? Is doseintensive ifosfamide and doxorubicin the most effective and least toxic
chemotherapy regimen? There is clearly much more progress to be made, considering the
suboptimal cure rates for intermediate- and high-risk patients and the substantial long-term
complications of therapy. Studies to further refine the approach to local tumor control,
optimize systemic therapy, and integrate targeted agents are needed.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Panel: Research in Context
Evidence before this study

In designing this clinical trial, the authors considered both retrospective and prospective
published data from pediatric and adult soft tissue sarcoma studies excluding those
focusing on rhabdomysoasrcoma that were reported in English in the PubMed database
between 1/1/80 and 12/31/2005. MeSH (Medical Subject Heading) terms searched
included sarcoma; soft tissue neoplasms; neoplasms, connective and soft tissue; clinical
trial; risk factors; prognosis; infant; child, preschool; child; adolescent; chemotherapy,
adjuvant; antineoplastic combined chemotherapy protocols; antineoplastic protocols;
ifosfamide; cyclophosphamide; dacarbazine; doxorubicin; epirubicin; neoadjuvant
therapy; radiotherapy; radiotherapy, adjuvant; surgery; second-look surgery. Non-MeSH
terms searched included histologic grading, grading, prognostic factor, primary re-
excision, excision margin, resection margin, surgical margin, chemoradiotherapy;,
neoadjuvant chemotherapy, neoadjuvant radiotherapy. Further, separate searches were
conducted for each tumor type eligible for this trial, using the MeSH term if one was
available or a non-MeSH term if not. Prognostic factor analyses and clinical trials
reporting survival and disease-specific outcomes were evaluated to identify the most
important clinical features to be included in the risk stratification system tested in this
clinical trial. Retrospective case series and prospective clinical trials were reviewed to
develop the treatment guidelines to be used in this study, which were dependent on risk
classification and clinical features.

Added value of this study

This study confirms that the risk stratification system developed for young patients with
NRSTS separated patients effectively into low-, intermediate-, and high-risk prognostic
subgroups with statistically different EFS and OS in the context of riskadapted therapy.
Although many low-risk patients previously received adjuvant radiotherapy following RO
resection of a < 5 cm high-grade soft tissue sarcoma, the high rate of local tumor control
(92%) in our study with surgery alone suggests that radiotherapy can be safely omitted in
this clinical setting. A surgery only strategy in low-risk patients with low-grade soft
tissue sarcomas who underwent an R1 resection yielded a relatively low local failure rate
and a high salvage rate, indicating that omission of radiotherapy should also be
considered in this setting. For patients in all risk groups who require adjuvant
radiotherapy, this study showed that a slightly lower radiotherapy dose than is typically
used (55.8 Gy) produced high rates of local tumor control. Neoadjuvant dose-intensive
ifosfamide/doxorubicin chemotherapy combined with radiotherapy was feasible and safe
for unresected intermediate- and high-risk soft tissue sarcoma patients and produced a
high rate of delayed RO/R1 resection with a low likelihood of isolated local tumor
progression or significant postoperative wound complications.

Implications of all the available evidence

The risk stratification system utilized in this study will help clinicians plan riskadapted
therapy for young NRSTS patients that optimizes the likelihood of cure while minimizing
treatment exposures. Importantly, our study demonstrates that radiotherapy either can be
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omitted or the dose reduced in most patients without compromising survival, thereby
potentially reducing the known long-term risks of radiotherapy in survivors. Since the
small number of available pediatric NRSTS patients precludes a randomized clinical trial
to confirm our results, our findings will inform the standard of care while providing
benchmark outcome data against which outcomes in future clinical trials will be
compared.

Data Sharing

Deidentified individual patient data from this clinical trial and a data dictionary defining
each field in the dataset will be made available on the NCI NCTN/NCORP Data Archive
(https://nctn-data-archive.nci.nih.gov/) within one year of print publication of this
manuscript according to the NIH Data Sharing Policy (grants.nih.gov/grants/policy/
data_sharing/). Data access requires a user account with an official institutional email
address and completion of an online Data Request Form that includes a brief research
plan and a Data Use Agreement with legallybinding signatures by the requestor and an
Authorized Representative from his/her institution.
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Figure 1.

Risk Group and Treatment Assignment Schema
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Figure 3.
Estimated Event-Free Survival by Risk Group
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Table 1.

Treatment Arm C and D Therapy

Week 1 | Week 4 | Week 7 | Week 10 | Week 13 | Week 16 | Week 19 | Week 22

Treatment Arm C: Chemotherapy and Radiotherapy

| | | | | |
o* D D D* o#*
Radiotherapy
Treatment Arm D: Neoadjuvant Chemoradiotherapy
| | | | | |
D D Surgery D 7 th D
Radiotherapy Radiotherapy

Ifosfamide: Age < 1 year: 1-5 g/mzldose 1V over 3 hours on days 1, 2, 3 with Mesna 300 mg/m2/dose IV over 15 minutes immediately before and

3, 6, and 9 hours after ifosfamide; age > 1 year: 3 g/mZ/dose 1V over 3 hours on days 1, 2, 3 with Mesna 600 mg/m2/dose IV over 15 minutes
immediately before and 3, 6, and 9 hours after ifosfamide

Doxorubicin: Age <1 year: 1875 mg/m2/dose IV over 24 hours on days 1, 2; age = 1 year: 37-5 mg/m2/dose IV over 24 hours on days 1, 2
(maximum 75 mg/dose)

Growth Factor: Required except when Doxorubicin administered alone; Filgrastim 5 mcg/kg SQ or Sargramostim 250 mcg/m2 SQ daily starting
on day 4 until ANC > 2,000/l after the nadir or Pegfilgrastim 100 mcg/kg SQ once on day 4

#Weeks 1 and 19 Doxorubicin moved to weeks 7 and 10 in patients receiving brachytherapy

*

Weeks 16 and 19 Doxorubicin moved to weeks 7 and 10 in patients not receiving RT

fWeek 16 Doxorubicin moved to week 25 in patients receiving intraoperative RT or brachytherapy following week 13 surgery

’tWeek 19 Doxorubicin moved to week 25 in patients receiving external beam RT after week 13 surgery

ANC, absolute neutrophil count; D, doxorubicin; I, ifosfamide; RT, radiotherapy; SQ, subcutaneous
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Table 2.
Patient Characteristics at Study Entry
Characteristic Number (%6)
Age
Median 13:6 years
Range 0-1-29-8 years
Sex
Female 284 (54%)
Male 245 (46%)
Race
White 375 (71%)
Black 80 (15%)
Other/Unknown 74 (14%)
Ethnicity
Non-Spanish, non-Hispanic 430 (81%)
Spanish/Hispanic 80 (15%)
Unknown 19 (4%)
Histologic Diagnosis
Synovial sarcoma 138 (26%)
Malignant peripheral nerve sheath tumor 58 (11%)
Undifferentiated sarcoma
Epithelioid Cell Type 10 (2%)
Pleomorphic Cell Type 16 (3%)
Round Cell Type 18 (3%)
Spindle Cell Type 15 (3%) 4
Not Otherwise Specified (1%)
Undifferentiated embryonal sarcoma of the liver 39 (7%)
Epithelioid sarcoma 28 (5%)
Liposarcoma 25 (5%)
Alveolar soft part sarcoma 24 (5%)
Dermatofibrosarcoma protuberans 21 (4%)
Low-grade fibromyxoid sarcoma 16 (3%)
Leiomyosarcoma 10 (2%)
Other specific entity 63 (12%)
Unclassified soft tissue sarcoma 44 (8%)
World Health Organization Soft Tissue Tumor Classification
Malignant 473 (89%)
Intermediate, rarely metastasizing 56 (11%)

Primary Tumor Site
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Characteristic Number (%0)
Extremity 289 (55%)
Visceral 111 (21%)

Body wall 75 (14%)
Head/neck 54 (10%)

Extent of Disease
Non-metastatic 449 (85%) 80

Metastatic (15%)

Sites of Metastases (80 patients with metastases)

Lung 57 (71%)
Lymph nodes 20 (25%)
Visceral surface (pleura, peritoneum, etc.) 11 (14%)
Liver 7 (9%)
Bone 6 (8%)

Brain 2 (3%)
Leptomeninges 1(<1%)

POG Grade
1 60 (11%)
2 86 (16%)
3 383 (73%)

FNCLCC Grade
1 70(13%)
2 222 (42%)
3 236 (45%)
Indeterminate 1 (0%)

Maximal Tumor Diameter
<=5cm 195 (37%)
5.1-10 cm 168 (32%)
10.1-15cm 106 (20%)
15.1-20 cm 46 (9%)
20.1-25 cm 13 (2%)
25.1-30 cm 1 (<1%)

Tumor Depth
Superficial 92 (17%)
Deep 437 (83%)

Bone or Neurovascular Invasiveness
Non-invasive 229 (43%)
Invasive 300 (57%)
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Characteristic Number (%0)
Extent of Primary Tumor Resection
Completely excised with negative microscopic margins (RO) 252 (48%) 81
Grossly excised but with positive microscopic margins (R1) (15%)
Less than complete gross excision (R2) or unresected 196 (37%)
Extent of Resection of Metastases (80 patients with metastases)
Complete 5 (6%)
Microscopic residual 6 (8%)
Gross residual 69 (86%)

FNCLCC: Federation Nationale des Centres de Lutte Contre le Cancer, POG: Pediatric Oncology Group
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