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Synovial Sarcoma in Children, Adolescents,
and Young Adults: A Report From the Children’s
Oncology Group ARST0332 Study
Rajkumar Venkatramani, MD1; Wei Xue, PhD2; R. Lor Randall, MD3; Suzanne Wolden, MD4; James Anderson, PhD5;

Dolores Lopez-Terrada, MD6; Jennifer Black, MD7; Simon C. Kao, MD8; Barry Shulkin, MD9,10; Andrew Ostrenga, PharmD11;

Alberto Pappo, MD12; and Sheri L. Spunt, MD13

abstract

PURPOSE Synovial sarcoma (SS) is the secondmost commonmalignant soft tissue tumor in children. ARST0332
evaluated a risk-based treatment strategy for young patients with soft tissue sarcoma designed to limit therapy for
low-risk (LR) disease and to test neoadjuvant chemoradiotherapy for unresected higher-risk disease.

METHODS Newly diagnosed patients with SS age , 30 years were assigned to four treatment arms based on
disease features: A (surgery only), B (55.8 Gy radiotherapy [RT]), C (ifosfamide and doxorubicin [ID] che-
motherapy plus 55.8 Gy RT), and D (neoadjuvant ID and 45 Gy RT, then surgery and RT boost based onmargins
followed by adjuvant ID). Patients treated in Arms A and B were considered LR, arms C and D without me-
tastases as intermediate-risk (IR), and those with metastases as high-risk (HR).

RESULTS Of the 146 patients with SS enrolled, 138 were eligible and evaluable: LR (46), IR (71), and HR (21).
Tumors were 80% extremity, 70% . 5 cm, 70% high-grade, 62% invasive, 95% deep, and 15% metastatic.
Treatment was on arm A (29.7%), B (3.6%), C (16.7%), and D (50%). There were no toxic deaths and four
unexpected grade 4 adverse events. By risk group, at a median follow-up of 6.8 years, estimated 5-year event-
free survival was LR 82%, IR 70%, and HR 8%, and overall survival was LR 98%, IR 89%, and HR 13%. After
accounting for the features that defined risk category, none of the other patient or disease characteristics (age,
sex, tumor site, tumor invasiveness, and depth) improved the risk stratification model.

CONCLUSION The risk-based treatment strategy used in ARST0332 produced favorable outcomes in patients
with nonmetastatic SS relative to historical controls despite using RT less frequently and at lower doses. The
outcome for metastatic SS remains unsatisfactory and new therapies are urgently needed.

J Clin Oncol 39:3927-3937. © 2021 by American Society of Clinical Oncology

INTRODUCTION

Synovial sarcoma (SS) is the second most common
malignant soft tissue tumor in children and is char-
acterized by SYT gene rearrangement. SS is considered
more chemosensitive than other nonrhabdomyosar-
coma soft tissue sarcomas (NRSTS).1 Until recently, the
outcomes for children with SS were described only in
small patient series. A retrospective review on 37
children with SS published in 1994 revealed a 5-year
event-free survival (EFS) and overall survival (OS) of
54% and 65%, respectively.2 Another report on 31
children treated on CWS-81 protocol showed a 5-year
EFS of 84% for patients with group I and II tumors and
58% for those with group III or IV tumors.3 Children
with SS have better prognosis when compared with
adults, and the outcome decreases with age.4 Previous
clinical trials on NRSTS in North America included
very few children with SS.5-7 Data from these clinical
trials and other large retrospective series revealed that
extent of disease (local v metastatic), extent of tumor
resection, maximal tumor diameter, and tumor grade

were the most important prognostic factors.8-10 The
Children’s Oncology Group (COG) study ARST0332
evaluated a risk-based treatment strategy built on
these prognostic factors for young patients with soft
tissue sarcoma designed to limit therapy for low-risk
(LR) disease and to test neoadjuvant chemo-
radiotherapy to increase likelihood of resection in
unresected high-risk (HR) disease.11 Here, we report
the results of patients with SS enrolled on ARST0332.

METHODS

Study Design

The COG ARST0332 trial (Protocol, online only) en-
rolled newly diagnosed patients with NRSTS including
SS who were age, 30 years and had an expected life
expectancy exceeding 3 months. Primary tumor gross
total resection was required before enrollment except
for (1) tumor. 5 cm in maximal diameter and gross or
microscopic residual disease anticipated following
resection, (2) inability to grossly resect the tumor
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without unacceptable morbidity, and (3) metastatic dis-
ease. Patients with clinical or radiologic evidence of re-
gional lymph node involvement were required to undergo
lymph node sampling to confirm lymph node status before
enrollment, and those with lymph node involvement un-
derwent lymph node dissection either at study entry or at
week 13 (at the time of definitive surgery) if receiving
neoadjuvant therapy. Patients with metastatic disease in
whom all metastatic lesions were , 1 cm in maximal di-
ameter were required to undergo a biopsy to confirm the
presence of metastatic tumor. Adequate performance
status was defined as Lansky performance status
score $ 50 for patients age # 16 years and Karnofsky
performance status score of $ 50 for patients age . 16
years. Patients should not have received prior anthracycline
or ifosfamide chemotherapy if they were enrolling in the
chemotherapy arms (see below) or have received prior
radiotherapy (RT) to tumor sites. Adequate bone marrow
function was defined as absolute neutrophil count$ 1,000/
mL and platelet count $ 100,000/mL. Adequate renal
function was defined as creatinine clearance or radioiso-
tope glomerular filtration rate $ 70 mL/min/1.73 m2 or
normal serum creatinine for age and sex. Adequate liver
function was defined as total bilirubin # 1.5 times the
upper limit of normal for age. Adequate cardiac function
was defined as shortening fraction $ 24% or ejection
fraction $ 50%. Female patients of childbearing age re-
quired a negative pregnancy test. Sexually active patients
agreed to use contraception and lactating females receiving
chemotherapy were required not to breastfeed during
treatment. Written informed consent was obtained from
patients (or assent, for those younger than age 18 years)
and/or their parents or legal guardians before enrollment.
The study was approved by the institutional review boards
of treating institutions.

Treatment

Patients were required to submit tumor tissue for central
review by enrolling on COG soft tissue sarcoma biology
study D9902. The tissue was evaluated by two study

pathologists to confirm the diagnosis and tumor grade both
by Pediatric Oncology Group (POG)12 and Fédération
Nationale des Centers de Lutte Contre le Cancer (FNCLCC)
criteria.13 Tumors were classified as low (POG grade 1 or 2)
and high grade (POG grade 3) for treatment assignment
purposes. Extent of surgical resection was defined as R0 if
the tumor was gross totally resected with surgical margins
negative for tumor cells, R1 if tumor cells were present at
surgical margins by microscopy following gross resection,
and R2 if there was gross residual disease after surgery.
Adequate margin was defined as resected tumor sur-
rounded by a cuff of normal tissue at least 0.5-cm thick or
intact fascia.

Patients were classified into LR, intermediate-risk (IR), and
HR groups based on metastatic status, extent of surgical
resection, POG grade, and size of the primary tumor (Fig 1).
LR: Nonmetastatic R0 or R1 low-grade tumors were ob-
served without further therapy and nonmetastatic R0 high-
grade tumors # 5 cm were observed without further
therapy (arm A). Nonmetastatic R1 high-grade tumors
# 5 cm received adjuvant RT (55.8 Gy; arm B). IR:
Nonmetastatic R0 or R1 high-grade tumor. 5 cm received
adjuvant ifosfamide and doxorubicin chemotherapy and RT
(55.8 Gy; arm C). Tumors that were unresectable
or. 5 cm, high-grade, and anticipated to have R1 margins
after resection were treated with neoadjuvant ifosfamide
and doxorubicin chemotherapy and RT (arm D). RT was
administered at week 4 (45 Gy) and surgical resection was
attempted at week 13. An additional RT boost was given
postoperatively for R1 resection (10.8 Gy) or R2 or no
resection (19.8 Gy). HR: Patients with metastatic disease
were HR. If the primary tumor was grossly resected, ad-
juvant chemotherapy and radiation therapy (arm C) was
given. If the primary tumor was not resected at diagnosis,
neoadjuvant chemoradiotherapy (arm D) was adminis-
tered. Resection of metastases was performed at week 13
or end of therapy depending on sites involved. If feasible,
radiation therapy to metastatic sites remaining after surgery
was administered at the end of treatment. Patients with low-
grade tumor and metastases could be observed on arm A if

CONTEXT

Key Objective
This is the first risk-based prospective clinical trial in children and young adults with synovial sarcoma (SS) in North America.

The risk stratification was based on metastasis, tumor grade, tumor size, and extent of surgical resection.
Knowledge Generated
The outcome for patients with localized disease was excellent, whereas those with metastatic disease fared very poorly.

Radiation and chemotherapy were avoided in nearly a third of patients. Neoadjuvant radiation therapy was feasible and
safe in children.

Relevance
This study sets a new standard for care of children and young adults with SS in North America. Future clinical trials on SS will

build upon this backbone.
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gross total resection of primary tumor and metastatic dis-
ease was achieved at study entry but none of the enrolled
patients qualified for this arm.

The cumulative doses and dose per cycle of ifosfamide
(54 g/m2; 9 g/m2/cycle 3 six cycles) and doxorubicin
(375 mg/m2; 75 mg/m2/cycle 3 five cycles) were identical
on arms C and D. Each 3-week cycle consisted of ifosfa-
mide 3 g/m2/d administered intravenously over 3 h on days
1, 2, and 3, and doxorubicin 37.5 mg/m2/d administered
intravenously over 24 hours on days 1 and 2. Doxorubicin
was not administered at weeks 7 and 10 during RT and was
deferred to week 25 in those requiring an RT boost after
surgery. Toxicities were graded using National Cancer In-
stitute Common Terminology for Adverse events version
4.0; unexpected grade 4 and all grade 5 events required
reporting. Primary tumor response was evaluated using an
elliptical model (0.5 times the product of the three largest
perpendicular diameters) to measure tumor volume; nodal
and distant metastases were assessed by using the RECIST
1.1. All imaging studies and measurements were centrally
reviewed by two pediatric radiologists and one nuclear
medicine physician.

Statistical Methods

Patient characteristics and clinical features were summa-
rized using frequency and percentage. EFS was defined as
the time from study enrollment to disease progression or
recurrence, secondmalignant 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 patient’s last contact date. Patient

follow-up was current through June 30, 2018, when the
data set was frozen for publication. EFS and OS by patient
characteristics and clinical features were estimated using
the Kaplan-Meier method. 95% CIs were estimated by the
Peto-Peto method. The log-rank test was used to compare
the EFS and OS distribution by patient characteristics and
clinical features. A proportional hazards model was used to
determine if there were any patient or disease character-
istics that predicted outcome, after accounting for the
factors that defined risk group. All statistical analyses were
conducted using SAS 9.4 (Cary, NC).

RESULTS

A total of 146 patients with SS were enrolled between 2007
and 2012 (Fig 2). After excluding eight ineligible patients,
138 were eligible for analysis (Table 1). Approximately 80%
of tumors arose in the extremities, with the remainder nearly
evenly distributed into visceral, body wall, and head and
neck sites. The majority of patients had POG grade 3
(70.3%) or FNCLCC grade 2 tumors (67.4%). Most tumors
were . 5 cm in size at diagnosis (69.6%) and were
classified as invasive (62.3%). Twenty-one (15.2%) pa-
tients had metastatic disease at diagnosis; 15 with isolated
lung, 2 with isolated lymph node, and 4 with lung and
lymph node metastases.

Treatment

Forty-one (29.7%) patients were treated with surgery alone
(arm A), 5 (3.6%) with adjuvant RT (arm B), 23 (16.7%)
with adjuvant chemoradiotherapy (arm C), and 69 (50%)
with neoadjuvant chemoradiotherapy (arm D). Of the 41

Diagnosis of eligible soft tissue sarcoma

Nonmetastatic Metastatic

to lymph nodes and/or distant sites

Grossly resected Unresected

(unresectable
or high-grade
tumor > 5 cm

where delayed
resection
planned)

Tumor grade

Low High

Maximal tumor diameter
Microscopic

margins
– or +

Microscopic
margins

–

Microscopic
margins

+

≤ 5 cm > 5 cm

Arm A

Observation
Arm B

Adjuvant
RT

Arm C

Adjuvant
chemo plus RT

Arm D

Neoadjuvant
chemoradiotherapy

Arm A

Observation
Arm C

Adjuvant
chemo plus RT

Arm D

Neoadjuvant
chemoradiotherapy

Tumor grade

Low High

All disease resected?

Yes No

Microscopic
margins
– or +

Assess resection status of
primary tumor

UnresectedGrossly resected

LR IR HR

FIG 1. ARST0332 risk-based treatment assignment schema. HR, high-risk; IR, intermediate-risk; LR, low-risk; RT, radiotherapy.
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LR patients assigned to arm A, 26 had POG grade 2 (low-
grade) tumors (seven were . 5 cm in size), and 15 had
localized POG grade 3 (high-grade) tumors # 5 cm in size
that were completely resected. Of the five LR patients
assigned to arm B and treated with 55.8 cGy adjuvant
radiation therapy, three had R1 resection and two had R0
resection with , 5-mm margins (considered R1 per pro-
tocol guidelines). Of the 23 patients assigned to arm C, 22
had localized high-grade tumors . 5 cm in size (15 R0
resection and seven R1 resection) and one patient had
metastatic disease with upfront R0 resection of primary
tumor. Twenty patients in arm C received a median radi-
ation dose of 55.8 Gy; two patients did not receive radiation
therapy because of amputation and one patient was re-
moved from protocol therapy before radiation was due. Of
the 69 patients assigned to arm D, 49 had IR (non-
metastatic) and 20 had HR (metastatic) disease. Of the 49
IR patients, 45 were unresectable (12 low-grade, two high-
grade # 5 cm, and 31 high-grade . 5 cm) and four were
high-grade,. 5 cm, and anticipated to have R1 margins at
the time of surgery. Forty-six of the 49 patients received

neoadjuvant radiation therapy with a median dose of 45 Gy.
Three patients were removed from protocol therapy before
radiation therapy was due. Of these 46 patients, 43 un-
derwent surgical resection following radiation therapy
(35 R0 and 8 R1). Eighteen patients (11 R0 with , 5-mm
margin, six R1, and one R2) received postoperative RT boost.

Overall, R0 or R1 resection of the primary tumor was
achieved in 129 patients (93.5%): at study entry in 69
(53.5%) and after neoadjuvant chemotherapy in 60
(46.5%). Of these, 104 patients (80.6%) had an R0 re-
section: at study entry in 55 (53%) and after neoadjuvant
chemotherapy in 49 (47%).

In the 69 patients who received neoadjuvant chemother-
apy, response was evaluable in 55 patients. Two (3.6%)
patients had a complete response, 9 (16.4%) had partial
response (PR), 41 (74.6%) had stable disease, and 3
(5.5%) had progressive disease. The tumor tissue from 57
tumors were centrally reviewed after definitive resection.
Forty-one (72%) tumors had , 90% necrosis, and 16
tumors (28%) had $ 90% necrosis.

Evaluable                                      (n = 69)
  IR (n = 49), HR                             (n = 20)
    LG, unresectable, M0               (n = 12)
    HG, ≤ 5 cm, unresectable, M0   (n = 2)
    HG, > 5 cm, resectable, M0        (n = 4)
    HG, > 5 cm, unresectable, M0 (n = 31)
    R2 or unresected, M1               (n = 20)

Evaluable                       (n = 23)
   IR (n = 22), HR              (n = 1)
      HG, > 5 cm, R0, M0 (n = 15)
      HG, > 5 cm, R1, M0   (n = 7)
      R0, M1                        (n = 1)

Evaluable                        (n = 5)
    LR                                (n = 5)
       HG, ≤ 5 cm, R0, M0 (n = 2)
       HG, ≤ 5 cm, R1, M0 (n = 3)

Evaluable                       (n = 41)
    LR                               (n = 41)
      LG, R0, M0               (n = 22)
      LG, R1, M0                 (n = 4)
      HG, ≤ 5 cm, R0, M0 (n = 15)

Assigned to neoadjuvant
chemoradiotherapy (n = 69)

Assigned to
chemoradiotherapy (n = 23)

Assigned to RT (n = 5)
Assigned to surgery

alone (n = 41)

Eligible (n = 138)

Completed treatment (n = 47)Completed treatment (n = 20)Completed treatment (n = 4)Completed treatment (n = 41)

Discontinued               (n = 22)
  Progressive disease    (n = 3)
  Patient or physician  (n = 16)
     decision 
  Wound complication  (n = 3)

Discontinued (n = 3)
   Patient or    (n = 2)
     physician  
       decision
   Consent      (n = 1)
     withdrawn 

Discontinued  (n = 1)
   Progressive (n = 1)
     disease

Ineligible                                                                              (n = 8)
    Excessive delay in starting protocol therapy                (n = 5)
    Inadequate informed consent                                        (n = 1)
    > 12 weeks between initial diagnosis and enrollment (n = 1)
    Incorrect disease type or histology                                (n = 1)

Patients enrolled with
SS (N = 146)

FIG 2. CONSORT diagram. HG, high-grade; HR, high-risk; IR, intermediate-risk; LG, low-grade; LR, low-risk; RT, radiotherapy; SS, synovial sarcoma.
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TABLE 1. Clinical Features and Treatment by Risk Group and Treatment Arm

Characteristic

Risk Group Arms

All (N 5 138)HR (n 5 21) IR (n 5 71) LR (n 5 46) A (n 5 41) B (n 5 5) C (n 5 23) D (n 5 69)

Median age years, (range) 16.7 (9.2-26.3) 14.6 (4.9-27.9) 13.4 (1.8-21.1) 13.2 (1.8-21.1) 17.1 (8.7-20.3) 14.4 (4.9-23.7) 15.4 (9.2-27.9) 14.6 (1.8-27.9)

Sex, No. (%)

Male 11 (52.4) 33 (46.5) 22 (47.8) 19 (46.3) 3 (60.0) 13 (56.5) 31 (44.9) 66 (47.8)

Female 10 (47.6) 38 (53.5) 24 (52.2) 22 (53.7) 2 (40.0) 10 (43.5) 38 (55.1) 72 (52.2)

Race, No. (%)

White 13 (61.9) 51 (71.8) 39 (84.8) 35 (85.4) 4 (80.0) 18 (78.3) 46 (66.7) 103 (74.6)

Black 2 (9.5) 9 (12.7) 2 (4.3) 2 (4.9) 0 3 (13.0) 8 (11.6) 13 (9.4)

Other or unknown 6 (28.6) 11 (15.5) 5 (10.9) 4 (9.8) 1 (20.0) 2 (8.7) 15 (21.7) 22 (15.9)

Ethnicity, No. (%)

Hispanic 7 (33.3) 13 (18.3) 6 (13.0) 6 (14.6) 0 6 (26.1) 14 (20.3) 26 (18.8)

Non-Hispanic 14 (66.7) 54 (76.1) 38 (82.6) 33 (80.5) 5 (100.0) 15 (65.2) 53 (76.8) 106 (76.8)

Unknown 0 4 (5.6) 2 (4.3) 2 (4.9) 0 2 (8.7) 2 (2.9) 6 (4.3)

Primary tumor site, No. (%)

Extremity 18 (85.7) 56 (78.9) 36 (78.3) 33 (80.5) 3 (60.0) 13 (56.5) 61 (88.4) 110 (79.7)

Visceral 2 (9.5) 7 (9.9) 2 (4.3) 2 (4.9) 0 5 (21.7) 4 (5.8) 11 (8.0)

Body wall 0 5 (7.0) 4 (8.7) 4 (9.8) 0 4 (17.4) 1 (1.4) 9 (6.5)

Head or neck 1 (4.8) 3 (4.2) 4 (8.7) 2 (4.9) 2 (40.0) 1 (4.3) 3 (4.3) 8 (5.8)

Extent of disease, No. (%)

Nonmetastatic 0 71 (100.0) 46 (100.0) 41 (100.0) 5 (100.0) 22 (95.7) 49 (71.0) 117 (84.8)

Metastatic 21 (100.0) 0 0 0 0 1 (4.3) 20 (29.0) 21 (15.2)

Sites of metastasis (n 5 21),
No. (%)

Lung 19 (90.5) 0 0 0 0 1 (4.8) 18 (85.7) 19 (90.5)

Lymph node 6 (28.6) 0 0 0 0 0 6 (28.6) 6 (28.6)

POG grade, No. (%)

2 3 (14.3) 12 (16.9) 26 (56.5) 26 (63.4) 0 0 15 (21.7) 41 (29.7)

3 18 (85.7) 59 (83.1) 20 (43.5) 15 (36.6) 5 (100.0) 23 (100.0) 54 (78.3) 97 (70.3)

FNCLCC grade, No. (%)

2 9 (42.9) 45 (63.4) 39 (84.8) 36 (87.8) 3 (60.0) 10 (43.5) 44 (63.8) 93 (67.4)

3 12 (57.1) 26 (36.6) 7 (15.2) 5 (12.2) 2 (40.0) 13 (56.5) 25 (36.2) 45 (32.6)

Maximal tumor diameter,
cm, No. (%)

# 5 1 (4.8) 2 (2.8) 39 (84.8) 34 (82.9) 5 (100.0) 0 3 (4.3) 42 (30.4)

. 5 20 (95.2) 69 (97.2) 7 (15.2) 7 (17.1) 0 23 (100.0) 66 (95.7) 96 (69.6)

Tumor depth, No. (%)

Superficial 0 1 (1.4) 6 (13.0) 4 (9.8) 2 (40.0) 1 (4.3) 0 7 (5.1)

Deep 21 (100.0) 70 (98.6) 40 (87.0) 37 (90.2) 3 (60.0) 22 (95.7) 69 (100.0) 131 (94.9)

Invasiveness, No. (%)

Noninvasive 2 (9.5) 20 (28.2) 30 (65.2) 27 (65.9) 3 (60.0) 7 (30.4) 15 (21.7) 52 (37.7)

Invasive 19 (90.5) 51 (71.8) 16 (34.8) 14 (34.1) 2 (40.0) 16 (69.6) 54 (78.3) 86 (62.3%)

Extent of resection at study
entry, No. (%)

R0 1 (4.8) 15 (21.1) 39 (84.8) 37 (90.2) 2 (40.0) 16 (69.6) 0 55 (39.9)

R1 0 7 (9.9) 7 (15.2) 4 (9.8) 3 (60.0) 7 (30.4) 0 14 (10.1)

R2 20 (95.2) 49 (69.0) 0 0 0 0 69 (100.0) 69 (50.0)

(continued on following page)
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Outcome

One-hundred seven of the 138 patients were alive at the
time of this analysis with a median follow-up of 6.8 years
(range, 0.01-10.98 years). The 5-year EFS and OS for the
entire group were 64.9% (95%CI, 55.7 to 74.1) and 80.8%
(73.3 to 88.3), respectively. EFS and OS differed significantly
by risk group and treatment arm (Figs 3 and 4, Table 2).
The 5-year EFS and OS for the 46 patients in the LR group
were 81.9% (69 to 94.8) and 97.7% (92.7 to 100), re-
spectively. The 5-year EFS and OS for the 23 patients in the
IR group treated with adjuvant chemoradiotherapy (arm C)
were 64% (42.4 to 85.8) and 89.5% (75.3 to 100), re-
spectively. The 5-year EFS and OS for the 49 patients in the
IR group treated with neoadjuvant chemoradiotherapy (arm
D) were 71.16% (56.5 to 85.9) and 86.5% (75.6 to 97.3),
respectively. The 5-year EFS and OS for the 37 patients with
high-grade tumors in the IR group treated with neoadjuvant
chemoradiotherapy (arm D) were 71% (54.3 to 87.8) and
84.9% (72 to 97.8), respectively. The 5-year EFS and OS
for the 21 patients with metastatic disease were 7.6% (0 to
22) and 12.5% (0 to 28.7), respectively.

The following factors were significantly associated with
inferior EFS and OS in univariate analysis (Table 2):
maximal tumor diameter . 5 cm, invasive tumor, FNCLCC
grade 3, presence of metastases, grossly incomplete re-
section, and positive microscopic surgical margin. Neither
tumor invasiveness nor FNCLCC grade improves the risk
stratification model generated using tumor grade, meta-
static status, tumor size, and extent of resection (see Ap-
pendix Tables A1 and A2, online only).

There were no deaths related to treatment in the study.
There were four unexpected grade 4 adverse events, all of
which were observed in the neoadjuvant chemo-
radiotherapy arm (arm D). Three of those events were

wound complications; one patient developed wound de-
hiscence over the biopsy site and required above-knee
amputation, and two others developed wound complica-
tions following definitive surgery and required further
surgical intervention. Overall, six patients (10.7%) out of 56
patients who underwent neoadjuvant chemoradiotherapy
reported wound complications. Of these, two were removed
from protocol therapy because of delay in resumption of
chemoradiotherapy. Three (2.1%) second malignant
neoplasms were reported: two were acute myeloid leuke-
mia and one patient developed papillary thyroid carcinoma
(outside the field treated with radiation).

Overall, 46 patients experienced a recurrence or pro-
gression of disease; themajority of the events (n5 36) were
isolated metastatic recurrence, one was local and meta-
static recurrence, and only nine events were isolated local
recurrence. Thirty five of the 36 patients with metastatic
failure had recurrence or progression in the lung (33 had
lung only relapse). Other sites of recurrence included bone
(n5 1), regional lymph node (one), posterior mediastinum
(n 5 1), and chest wall (n 5 1). Of the nine patients with
isolated local recurrence, seven were treated on arm A with
surgery alone and two were treated on arm D with neo-
adjuvant chemoradiotherapy and delayed surgical resec-
tion. Ten recurrences were observed beyond 3 years (eight
metastatic and two local) from diagnosis and three of them
were observed after 5 years.

DISCUSSION

This is the largest prospective clinical trial conducted in
young patients with SS in North America. The risk strati-
fication based on metastasis, tumor grade, tumor size, and
extent of surgical resection resulted in LR, IR, and HR
groups with significantly different EFS and OS. The

TABLE 1. Clinical Features and Treatment by Risk Group and Treatment Arm (continued)

Characteristic

Risk Group Arms

All (N 5 138)HR (n 5 21) IR (n 5 71) LR (n 5 46) A (n 5 41) B (n 5 5) C (n 5 23) D (n 5 69)

Timing of R0 or R1 resection
(n 5 129), No. (%)

Before study entry 1 (5.6) 22 (33.8) 46 (100.0) 41 (100.0) 5 (100.0) 23 (100.0) 0 69 (53.5)

At delayed surgery 17 (94.4) 43 (66.2) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 60 (100.0) 60 (46.5)

Surgical margins including
delayed surgery
(n 5 129), No. (%)

R0 15 (83.3) 50 (76.9) 39 (84.8) 37 (90.2) 2 (40.0) 16 (69.6) 49 (81.7) 104 (80.6)

R1 3 (16.7) 15 (23.1) 7 (15.2) 4 (9.8) 3 (60.0) 7 (30.4) 11 (18.3) 25 (19.4)

Risk group, No. (%)

LR 0 0 46 (100.0) 41 (100.0) 5 (100.0) 0 0 46 (33.3)

IR 0 71 (100.0) 0 0 0 22 (95.7) 49 (71.0) 71 (51.4)

HR 21 (100.0) 0 0 0 0 1 (4.3) 20 (29.0) 21 (15.2)

Abbreviations: FNCLCC, Fédération Nationale des Centers de Lutte Contre le Cancer; HR, high-risk; IR, intermediate-risk; LR, low-risk; POG, Pediatric
Oncology Group.
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outcome for patients with localized disease was excellent,
whereas those withmetastatic disease fared very poorly. We
avoided radiation and chemotherapy in nearly a third of
patients (arm A). All recurrences in this group were local (7
of 41, 17%) and the 5-year OS was 100%. This approach
was further confirmed by a pooled analysis with the Eu-
ropean Pediatric Soft Tissue Sarcoma Study Group
(EpSSG) NRSTS 2005 study.14 Based on these results, we
do not recommend adjuvant therapy for patients with
completely resected SS with tumors , 5 cm in size, and
completely resected POG grade 2 tumors of any size. The

treatment details at relapse for the seven patients with local
relapse were not collected as part of this study. Therefore,
we do not know the total burden of therapy for these
patients.

Gross total resection of primary tumor was achieved in 94%
of patients and R0 resection in 80% of patients. Gross total
resection of primary tumor was achieved in a high pro-
portion of patients (87%) who received neoadjuvant che-
motherapy and 45 Gy RT, and fewer than 20% of these
patients had microscopic residual disease after surgery
requiring a radiation boost to 55.8 Gy. Therefore, the
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FIG 3. EFS and OS by risk group. Kaplan-Meier curves representing (A) EFS and (B) OS for patients in the LR, IR, and HR groups. EFS, event-free
survival; HR, high-risk; IR, intermediate-risk; LR, low-risk; OS, overall survival.
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TABLE 2. Univariate Analysis of Outcome by Clinical Features, Risk Group, Treatment, and Response to Therapy

Characteristic

5-Year EFS 5-Year OS

Estimate, % (95% CI) P a Estimate, % (95% CI) P

Clinical features at study entry (n 5 138) 64.88 (55.68 to 74.09) 80.81 (73.32 to 88.29)

Age, years

, 2 —b .4222 100.00 (100.00 to 100.00) .1376

2-9 67.50 (40.83 to 94.17) 92.86 (78.82 to 100.00)

$ 10 65.18 (55.36 to 74.99) 78.92 (70.61 to 87.23)

Sex

Female 65.94 (53.01 to 78.88) .6718 79.48(68.72 to 90.24) .8230

Male 63.85 (50.75 to 76.95) 82.14 (71.76 to 92.51)

Primary site

Head or neck 33.33 (0.00 to 71.05) .1894 100.00 (100.00 to 100.00) .7923

Body wall 88.89 (68.36 to 100.00) 88.89 (68.36 to 100.00)

Visceral 62.34 (28.81 to 95.87) 81.82 (53.90 to 100.00)

Extremity 65.40 (54.94 to 75.85) 78.45 (69.59 to 87.30)

Maximal tumor diameter, cm

# 5 79.98 (66.23 to 93.74) .0211 97.44 (92.11 to 100.00) .0007

. 5 58.02 (46.51 to 69.52) 73.29 (63.09 to 83.49)

Tumor depth

Superficial 85.71 (57.32 to 100.00) .2847 100.00 (100.00 to 100.00) .1699

Deep 63.71 (54.15 to 73.26) 79.73 (71.86 to 87.60)

Tumor invasiveness

Noninvasive 79.31 (66.40 to 92.22) .0101 93.25 (85.34 to 100.00) .0171

Invasive 56.28 (44.29 to 68.27) 73.42 (62.93 to 83.91)

POG grade

2 72.97 (56.74 to 89.20) .1152 89.28 (78.26 to 100.00) .2072

3 61.23 (50.21 to 72.25) 77.18 (67.77, 86.58)

FNCLCC grade

2 70.87 (60.16 to 81.58) .0195 85.85 (77.75 to 93.96) .0400

3 52.19 (35.52 to 68.86) 70.15 (55.13 to 85.18)

Metastases

No 74.67 (65.60 to 83.74) , .0001 92.43 (86.99 to 97.87) , .0001

Yes 7.62 (0.00 to 21.97) 12.50 (0.00 to 28.70)

Extent of tumor resection

R0 81.78 (70.05 to 93.52) .0025 97.83 (93.41 to 100.00) , .0001

R1 53.57 (24.36 to 82.78) 84.42 (63.76 to 100.00)

R2 53.57 (39.80 to 67.34) 66.25 (53.50 to 79.00)

Microscopic surgical margin (including delayed surgery)

R0 68.43 (58.36 to 78.50) .3309 81.26 (72.90 to 89.62) .7158

R1 55.29 (2.38 to 78.20) 81.85 (64.76 to 98.93)

Extent of tumor necrosis, %

, 90 61.6 (44.9 to 78.4) .072 68.5 (52.7 to 84.2) .0998

$ 90 37.5 (11.5 to 63.5) 47.4 (21.9 to 72.9)

(continued on following page)
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neoadjuvant chemoradiotherapy strategy produced a high
rate of complete resection and high rates of local tumor
control with lower doses of RT than were used previously.
Overall, the therapy was well tolerated with no deaths
because of protocol therapy. The incidence of wound
complications in the neoadjuvant chemoradiotherapy
group was lower than that reported in adult studies, al-
though only wound infections that delayed postoperative
therapy by . 2 weeks or were unexpected grade 4 events
were tracked.15 Neoadjuvant chemoradiotherapy failed to
improve outcomes for patients with metastatic disease, and
the dismal outcomes in metastatic patients are similar to
those reported by others.6,16

The EpSSGNRSTS 2005 clinical trial included 138 patients
with SS.17 Although both trials used a similar approach,
there were some significant differences, including the fact
that the EpSSG trial did not include patients with metas-
tases. Criteria used for LR, IR, and HR patients were dif-
ferent, and axial site was designated as HR irrespective of
presence of other risk factors. The 5-year EFS and OS of
patients with localized disease were 74.7% and 92.4%,
respectively, in our study and are comparable to the EFS of
80.7% and OS of 90.7% reported in the NRSTS 2005
study. Approximately 20% of patients who received neo-
adjuvant chemoradiotherapy had an objective response in
our study. This is much lower than the 55% of patients with
objective response reported by EpSSG NRSTS 2005 clin-
ical trial. The EpSSG trial divided PR into major (. 66%
volume reduction) and minor (34%-65% volume reduc-
tion), whereas we defined PR as $ 64% decrease in
volume. The number of patients achieving CR or major PR
(22%) in the EpSSG study was similar to the patients
achieving objective response (20%) in our trial. Moreover,
the proportion of patients who did not experience pro-
gressive disease on treatment was similar in the COG (95%)

and EpSSG trials (97%). Although patients with axial sites
were designated and treated as HR in EpSSG trial, we did
not find significant differences in outcome based on site.

Pathologic response to neoadjuvant therapy is a well-
established prognostic factor in osteosarcoma. There is
evidence that pathologic response may predict outcome in
high-grade soft tissue sarcomas as well.18,19 In a large
retrospective series in adults with extremity high-grade soft
tissue sarcoma, the local recurrence rate was significantly
lower and survival rate was higher in patients whose tumor
had$ 95% tumor necrosis when compared with those with
tumors with , 95% necrosis.18 Similar results were re-
ported in a meta-analysis of 1,663 patients from 21 studies
when comparing patients with , 90% necrosis with those
who had $ 90% necrosis.19 Surprisingly, patients
with$ 90% necrosis in our series seem to have worse EFS
and OS when compared with patients with , 90% tumor
necrosis, although the results were not statistically signif-
icant (Table 2). Necrosis may reflect inherent aggressive-
ness of the tumor rather than response to therapy and this
may explain our finding. Outcome data from the study
ARST1321 (when available), which was terminated early
because of significant difference in tumor necrosis in the
pazopanib plus chemotherapy arm compared with che-
motherapy only arm, may help answer this question.20

All factors used in the risk stratification were significant
predictors of outcome in univariate analysis except for
POG grade. By contrast, FNCLCC grade was significant in
univariate analysis. The exact reason for this is not
known, and use of POG grade in risk stratification
confounds this analysis. All patients with POG grade 2
tumors (n 5 41) were classified as FNCLCC grade 2 but
nearly half of the patients with POG grade 3 (n5 97) were
classified as FNCLCC grade 2 and only 45 patients had
FNCLCC grade 3 tumors. Recently, genomic complexity

TABLE 2. Univariate Analysis of Outcome by Clinical Features, Risk Group, Treatment, and Response to Therapy (continued)

Characteristic

5-Year EFS 5-Year OS

Estimate, % (95% CI) P a Estimate, % (95% CI) P

Risk group

LR 81.90 (69.00 to 94.81) , .0001 97.67 (92.74 to 100.00) , .0001

IR 69.80 (57.60 to 81.99) 88.83 (80.52 to 97.14)

HR 7.62 (0.00 to 21.97) 12.50 (0.00 to 28.70)

Treatment arm

A 84.49 (71.44 to 97.53) .0142 100 (100 to 100) .0004

B 60.00 (17.06 to 100) 80 (44.94 to 100)

C 64.09 (42.36 to 85.82) 89.47 (75.25 to 100)

D 53.57 (39.80 to 67.34) 66.25 (53.50 to 79)

Abbreviations: EFS, event-free survival; FNCLCC, Fédération Nationale des Centers de Lutte Contre le Cancer; HR, high-risk; IR, intermediate-risk; LR, low-
risk; OS, overall survival; POG, Pediatric Oncology Group.

aLog-rank test.
bNo sample in that category.
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as measured by a genomic index (GI) tool using array
comparative genomic hybridization has been described
as an independent prognostic factor in SS.21 In 61 pa-
tients enrolled on the EpSSG NRSTS 2005 protocol,
patients with no copy-number alterations (GI 5 0) had a
better EFS than those with one or more copy-number
alterations (GI $ 1). Copy-number alteration data were
not available for our cohort and as such we could not
verify this finding. The prognostic role of specific fusion
subtype in SS is conflicting with most studies concluding
that it is not significant.22,23 We attempted to study the
fusion subtype in our patients but the test could not be

performed because of the poor quality of stored
specimens.

The novel risk-based treatment strategy used in ARST0332
produced favorable outcomes in patients with localized SS
relative to historical controls and sets a new standard for
care of children and young adults with SS in North America.
We were able to avoid radiation therapy in up to a third of
patients and reduce the dose of radiation in a significant
number of patients while maintaining excellent outcomes in
those without metastatic disease. The outcome for patients
with metastatic SS remains poor and new therapies are
urgently needed.
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APPENDIX

TABLE A1. Cox Proportional Hazards Model for Factors Included in Risk Group
Parameter DF Parameter Estimate SE Chi-Square Pr > Chi-Square HR

Age group, years

# 9 1 –0.1571 0.96494 0.0265 0.8707 0.855

Sex

Male 1 0.51723 0.413 1.5684 0.2104 1.677

Primary site

Body wall 1 0.73984 1.31757 0.3153 0.5744 2.096

Extremity 1 0.48347 0.75183 0.4135 0.5202 1.622

Head and neck 1 0.7892 1.11108 0.5045 0.4775 2.202

Tumor depth

Superficial 1 –13.24419 1,397 0.0001 0.9924 0

NOTE. The significance level for Pr is , 0.05.
Abbreviations: DF, degrees of freedom; HR, hazard ratio.

TABLE A2. Model Fit Statistics for Addition of Tumor Invasiveness and FNCLCC Grade

Criterion

Model Fit Statistics

Without Covariates With Covariates

Tumor grade, metastatic status, tumor size, and extent of resection

–2 LOG L 281.383 225.77

AIC 281.383 233.77

SBC 281.383 239.506

Tumor grade, metastatic status, tumor size, extent of resection, and invasiveness

–2 LOG L 281.383 224.924

AIC 281.383 234.924

SBC 281.383 242.094

Tumor grade, metastatic status, tumor size, extent of resection, and FNCLCC grade

–2 LOG L 281.383 225.734

AIC 281.383 235.734

SBC 281.383 242.904

Abbreviations: AIC, Akaike information criterion; FNCLCC; Fédération Nationale des Centers de Lutte Contre le Cancer; SBC, Schwarz’s Bayesian criterion.
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