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ABSTRACT

Background: Several studies have shown that the intensity of treatment in Ewing sarcoma has an impact on outcome. The present
trial tested the non-inferiority of intensive, shorter, induction chemotherapy (25 weeks total treatment time) compared to the
standard treatment (37 weeks) in non-metastatic Ewing sarcoma (ES) at onset.

Abbreviations: AIEOP, Associazione Italiana di Ematologia e Oncologia Pediatrica; CI, confidence interval; COG, Children’s Oncology Group; CT, computed tomography; EFS, event-free survival; ES,
Ewing sarcoma; FAB, French-American-British; GRs, good responders; HDCT, high-dose busulphan-melphalan plus autologous stem cell rescue; HR, hazard ratio; IE, ifosfamide-etoposide; ITT,
intention-to-treat; MRI, magnetic resonance imaging; OS, overall survival; PET, positron emission tomography; PP, Per Protocol; PRs, poor responders; RT, radiotherapy; SMD, standardized mean
difference; SSG, Scandinavian Sarcoma Group; VDC, vincristine-doxorubicin-cyclophosphamide.
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Procedure: This national, multicenter, parallel, randomized, controlled, open-label, non-inferiority, phase III trial was conducted
in 14 specialized hospitals in Italy. Patients aged 2-40 years with newly diagnosed localized ES were randomized to receive four
courses of induction therapy (one every 21 days) either with a standard arm (Arm A) or with an intensive arm (Arm B). For
consolidation therapy, good responders (GRs) in Arm A received nine courses (37 weeks), while Arm B patients received five
courses (25 weeks). Poor responders for both arms received four courses followed by high-dose busulfan/melphalan + autologous
stem cell rescue. Follow-up was 5 years.

Results: In the study period 2009-2018, 274 patients with ES at onset were screened, 248 were eligible, 15 refused randomization,
and 233 were randomized (Arm A: 113; Arm B: 120). Median age was 14 years. Arm B was not inferior to Arm A: 5-year EFS was
77.5% and 71.6%, respectively (HR vs. Arm A: 0.74,90% CI: 0.49-1.14). GRs were 54.9% in Arm A and 62.5% in Arm B. Hematological,
gastrointestinal, and cardiovascular Grade >3 toxicities had higher frequencies in Arm B.

Conclusions: Intensive induction therapy showed non-inferiority in 5-year EFS when compared with the standard induction
therapy. Higher toxicity was reported in Arm B with similar outcome, counterbalanced in GRs with a shorter treatment plan.

ClinicalTrials.gov Identifier: NCT02063022.

1 | Introduction

Ewing sarcoma (ES) is a bone or soft tissue sarcoma that arises
primarily in adolescents and young adults, representing the
second most common pediatric primary bone malignancy [1, 2].
Several common gene fusions are well known in ES, the t(11;22)
chromosomal translocation being the most frequent one [3]. At
onset, approximately 75% of ES cases are nonmetastatic.

The use of chemotherapy in combination with surgery and/or
radiotherapy (RT) has significantly increased the survival of
patients with localized disease, and the histological response to
induction phase is a strong prognostic factor [2-7]. Chemotherapy
regimens alternating combinations of vincristine-doxorubicin-
cyclophosphamide (VDC) and ifosfamide-etoposide (IE) cycles
have been shown to be superior to VDC treatment [8].

In the last two decades, various studies explored the role of
maximization of dose intensity and dose density of chemotherapy
with the aim of improving the clinical outcome. In North
America, the intensification of treatment by escalating the drug
doses (mainly alkylating agents) showed higher toxicity and
no significant advantage over standard doses [9]. Subsequent
Children’s Oncology Group (COG) studies assessed and demon-
strated the efficacy and feasibility of interval compression of
chemotherapy courses (every 2 weeks instead of 3 weeks) in
the AEWS0031 trial and in the AEWS1031 trial [10-12]. In
Europe, different trials compared conventional to more intense
chemotherapy regimens. The Euro-EWING2012 study compared
the standard arm of EURO-E.W.I.N.G.99 consisting of VIDE (vin-
cristine, ifosfamide, doxorubicin, and etoposide) scheme, given
every 3 weeks for six courses, to the COG interval-compressed
VDC/IE schedule, demonstrating superiority of the compressed
schedule [13]. The Italian Sarcoma Group/Scandinavian Sarcoma
Group ISG/SSGIII Study for localized ES included an induction
phase with the combination of vincristine, cyclophosphamide,
doxorubicin, etoposide ifosfamide, doxorubicin, and dactino-
mycin for four courses every 3 weeks, and the consolidation
phase was based on the tumor response to induction chemother-
apy: nine standard chemotherapy courses for good responders
(GRs) patients, or intensified treatment with high-dose busul-
fan/melphalan chemotherapy plus autologous stem cell rescue

(HDCT) for poor responders (PRs) patients, showing similarly
favorable results in both groups, the 5-year event-free survival
(EFS) probability being 75% for GRs and 72% for PRs who received
HDCT as planned [14].

The present non-inferiority study was designed to evaluate
the possibility to shorten treatment duration without reducing
survival comparing the standard six-drug induction therapy of
Italian Sarcoma Group (ISG)/Associazione Italiana di Ematologia
e Oncologia Pediatrica (AIEOP) with an experimental arm. The
experimental arm consisted of three-drug induction therapy at
higher dose intensity of doxorubicin and ifosfamide.

2 | Methods
2.1 | Study Design and Participants

The ISG/AIEOP EW-1 Study was a national, open-label, random-
ized, controlled, non-inferiority phase III trial conducted in 14
centers of the ISG and AIEOP networks. Patients were randomly
assigned with a 1:1 ratio to one of the two study arms. The
diagnosis was centrally reviewed. The study was designed to test
the null hypothesis that 5-year EFS of patients in the intensive
treatment arm is non-inferior to the 5-year EFS of patients in
standard arm.

Eligibility criteria included diagnosis of ES of the bone at onset
histologically assessed and molecularly confirmed with presence
of EWSR1-ETS fusions, age <40 years at diagnosis, and absence
of metastatic disease. Extra-osseous ES were excluded.

The recruitment period extended from March 20, 2009 to October
24, 2018. The study was approved by the local Independent
Ethics Committee of all the participating Institutions. Informed
written consent was obtained from all patients, or parents or
legal representatives, and was conducted in accordance with the
Declaration of Helsinki and the Good Clinical Practice guidelines.
The protocol is available in Supporting Information Text S1
(Clinical Trial Information: Eudract#2008-008361-35, ISRCTN:
50580483, ClinicalTrials.gov Identifier: NCT02063022).
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FIGURE 1 | Treatment plan. VDC—V: 1.5 mg/m?; D: 40 mg/m?/day x2; C: 1.2 g/m?. VDI—V: 1.5 mg/m?; D: 40 mg/m?/day x2; I: 3 g/m?/day x3.
VIA—V: 1.5 mg/m?; I: 3 g/m?/day x3; A: 1.5 mg/m?. IE—I: 3 g/m?/day x3; E: 150 mg/m?/day x3. BuMel—Bu: i.v. 0.81.2 mg/kg x16 doses; Mel: 140 mg/m?.
Abbreviations: V: vincristine; D: doxorubicin; C: cyclophosphamide; I: ifosfamide; A: dactinomycin; E: etoposide; Bu: busulphan; Mel: melphalan.

2.2 | Randomization and Masking

This study was open label, no masking procedures were imple-
mented. Patients were randomly assigned to either the induction
treatment according to the standard treatment (Arm A) [14],
or to an intensive treatment consisting of four courses of vin-
cristine + doxorubicin + ifosfamide, considered as experimental
treatment (Arm B). After confirming the eligibility, initially the
participating center contacted the coordinator center by FAX
that following a pre-compiled randomization list, assigned the
patients to the treatment arm. Subsequently, the randomization
list was integrated in the randomization function of the electronic
remote data capture system designed by trial management and
steering groups of ISG and AIEOP, and maintained by the
coordinating sponsor.

2.3 | Procedures

The flowchart of the treatment plan is depicted in Figure 1.
Cumulative doses administrated by arm in induction phase and
in the entire treatment plan are described in Table 1.

At diagnosis, the workup included magnetic resonance imaging
(MRI) and/or computed tomography (CT) scan of the primary
tumor site, chest CT scan, Technetium-99 bone scan, bone
marrow aspirate, and biopsy; a 18F-fluorodeoxyglucose positron
emission tomography (PET) scan was optional. Patients with
major organ toxicity, ventricular fraction ejection <50%, or
previous history of malignant tumor (excluding uterin cervix
carcinoma) were excluded.

Both arms were given at 3-week intervals or longer in case of neu-
trophils count less than 1000/mm? and/or thrombocytes less than

100,000/mm?. The radiological re-evaluation following the fourth
course consisted of the same evaluations performed at diagnosis.

Local treatment was planned for all patients according to the
same ISG/SSGIII criteria after the four courses of induction
treatment [14]. Surgery was the treatment of choice when the
tumor site or dimensions permitted a resection to be planned with
the intent of wide margins, while exclusive RT was planned for
inoperable patients. The surgical local treatment was performed
in five selected centers. In patients undergoing surgery, good
response was based on the presence of Grade II-III necrosis
according to the Bologna system [6, 15]. For patients judged
inoperable and receiving solely RT, good response was defined as
complete disappearance of soft tissue involvement at MRI and/or
CT scan evaluation [6, 14].

RT was given at dose of 1.5 Gy twice daily, 5 days a week. The total
radiation dose in inoperable cases was 54 Gy. Postoperative RT
was scheduled in the event of marginal, intralesional, or contam-
inated surgery according to Enneking (total dose 42 Gy for Grade
II-IIT tumor necrosis, 54 Gy in case of Grade I tumor necrosis)
[16]. The consolidation phase was differentiated according to the
response to induction therapy. For patients in Arm A, the same
consolidation as per ISG/SSGIII protocol was given, with nine
courses for GRs (total duration of the treatment plan: 37 weeks),
or four courses followed by HDCT and autologous hemopoietic
stem cell rescue for PRs (total duration of the treatment plan:
25 weeks). In Arm B, the total duration of the treatment plan was
25 weeks for both GRs and PRs, and for the consolidation phase,
GR patients received five courses of chemotherapy, whereas PRs
received four courses followed by HDCT (Figure 1).

After the end of treatment, a re-staging was performed. The
follow-up consisted of clinical and radiological evaluation every

3of1l

85UB017 SUOWWOD BAIIR.D 3(gedl|dde ay) Aq peusenob afe Saie YO 9Sn Jo sejni o} Akeid18UIjUQ 43I UO (SUONIPUOD-PUR-SLIBYOY™AS | 1M ATeIq 1[oulUO//SANY) SUONIPUOD Ppue SWB 1 8y} 885 *[6202/T0/TZ] Uo A%igiTauliu A(im ‘'ONY 1IN IHOINNL SO I A TSSTE 90d/Z00T 0T/I0p/W00" A8 | Afe.d1pul|uoy/:sdny wiol) pepeojumod ‘0 ‘ZTOSSYST



TABLE 1 | Cumulative drug doses and treatment duration: Induction phase and overall therapy.

Overall treatment

Induction therapy Good responders Poor responders

Arm A Arm B Arm A Arm B Arm A Arm B
Vincristine 9 mg/m? 10.5 mg/m? 13.5 mg/m? 7.5 mg/m? 7.5 mg/m? 7.5 mg/m?
Dactinomycin 6 mg/m?* — 6 mg/m? 1.5 mg/m? —
Doxorubicin 160 mg/m? 320 mg/m? 400 mg/m? 400 mg/m? 320 mg/m? 400 mg/m?
Ifosfamide 18 g/m? 36 g/m? 72 g/m? 72 g/m? 27 g/m? 63 g/m?

2.4 g/m? — 6 g/m? 8.8 g/m? 4 g/m?
Cyclophosphamide
Etoposide 450 mg/m? — 1.8 g/m? 1.8 g/m? 1.5 g/m? 1.5 g/m?
Busulphan — — — — 0.8-1.2 mg/kgx16 ~ 0.8-1.2 mg/kgx16
Melphalan — — — — 140 mg/m? 140 mg/m?
Duration of 12 12 25 25 25

treatment (weeks)

3 months in the first year, every 4 months in the second and
third year, every 6 months in the fourth and fifth year, and then
annually. An echocardiogram was performed annually for 5 years
in all cases. Pulmonary function tests and endocrinological
evaluations were scheduled on a regular basis following the end
of the treatment in all patients who received HDCT for at least
10 years.

Adverse events were assessed according to the National Cancer
Institute Common Toxicity Criteria (version 4.0).

2.4 | Outcomes

The primary endpoint was the assessment of the non-inferiority
of the experimental arm compared to the standard arm, in terms
of EFS. EFS was defined as the time span between randomization
and progression, recurrence following complete remission, or
death from any cause, whichever occurred first. Patients alive
and free from any event were censored at the end of the follow-up
time.

Secondary endpoints were overall survival (OS), defined as the
time span between randomization and death from any cause,
the percentage of GRs after induction chemotherapy (excluding
patients who received preoperative RT), percentage of patients
who underwent surgery, percentage of patients with progression
of the disease during treatment, incidence of toxicity (including
Grade 4 hematological toxicity and Grade 3-5 organ toxicity),
incidence of transfusion support, and unscheduled hospital stay
due to toxicity.

Explorative analyses were performed on EFS and OS (defined
as the time span starting either at the end-of-induction
chemotherapy for patients who did not undergo surgery or
at the time of local treatment for those who did, and ending at the
previously described endpoint) to assess their association with
age at diagnosis, axial versus extremity site of the tumor, volume
at diagnosis less than 200 mL versus >200 mL, and grade of

histologically assessed tumor necrosis after resection including
all not-operable patients in a separate level.

2.5 | Statistical Analysis

The target accrual was 220 patients. This target allows to detect
non-inferiority of the intensive induction treatment having 80%
power (8 = 0.20) with a one-side log-rank test with a significance
level of 5% (a = 0.05) under the assumption that 5-year EFS of
standard induction treatment group was 65% and defining non-
inferiority as a maximum 15% survival reduction in the intensive
induction treatment arm. This is equivalent to define an upper
limit of the 90% confidence interval (CI) for the hazard ratio (HR)
of intensive induction treatment group versus standard induction
treatment group below the value 0of 1.608. The main analyses were
performed on the basis of the intention-to-treat (ITT) principle.
The ITT population is defined as all eligible and randomized
patients, whichever treatment they received.

Differences in demographic and clinico-pathological charac-
teristics between study arms were assessed by means of the
standardized mean difference (SMD) [17]. SMD is a continuous
measure of the magnitude of the mean differences, its value
ranging from O to infinite and increasing with the increase in
mean differences. SMD is considered indicative of a possible
between-group imbalance when approaching a value of around
0.3; however, the significance of SMD should be assessed from a
clinical point of view.

EFS and OS curves were estimated using the Kaplan-Meier
method. In the Cox models, the categorical variables were
modeled using dummy variables, and the continuous variables
were modeled using three-knot restricted cubic splines to obtain
flexible fit [18]. The association between the selected covariate
and the outcomes were evaluated by means of the Wald test.

Preoperative RT, consolidation strategy outside protocol
indications, and local treatment at the end of treatments were
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274 SCREENED

41 patients excluded:

- 8 inclusion criteria not met

12 medical decision

5 metastases at diagnosis

15 refusal of randomization

1 transferred to another Centre

( N
233 RANDOMIZED
- J
113 patients allocated in Arm A R (120 patients allocated in Arm B
7 discontinued (progression/recurrence) 8 discontinued (7 for progression/recurrence and 1 for toxicity)
3 lost to follow-up ) k2 lost to follow-up

20 patients with off-trial treatment (affecting Per
Protocol analysis survival times and events):

- 10 underwent RT before induction CT

6 underwent infusion as good responders (2
with local treatment after maintenance CT)
1 local treatment after maintenance CT

3 without infusion as poor responders (1 for
progression disease)

18 patients with off-trial treatment (affecting Per

Protocol analysis survival times and events):

- 8 underwent RT before induction CT
5 underwent infusion as good responders (2
with local treatment after maintenance CT)
5 without infusion as poor responders (1 for
progression disease)

113 Patientsin Arm A
Intention-To-Treat population

FIGURE 2 | CONSORT diagram.

considered major deviations. For the Per Protocol (PP) analysis,
the EFS time of patients who incurred in a major deviation was
censored at the time it occurred, and subsequent events were
ignored.

The median follow-up was estimated with the reverse Kaplan-
Meier method on OS data [19]. All the statistical analysis was
performed with SAS Studio (Release 5.2) and and R (Version
4.1.2). We considered a statistical test as significant when the
corresponding p-value was less than 5%.

An independent data monitoring committee reviewed safety
and efficacy during the trial. The ISG/AIEOP EW-1 Study was
registered with the following numbers: Eudract#2008-008361-35,
ISRCTN: 50580483, ClinicalTrials.gov Identifier: NCT02063022.

3 | Results

In the study period October 1, 2009 to November 28, 2018, 274
patients with ES at onset were screened, 248 were eligible, and
15 (6%) refused randomization. Therefore, 233 were randomized:
113 were allocated in Arm A and 120 in Arm B, as described in
Figure 2.

The characteristics of the 233 eligible and randomized patients
are described in Table 2. M:F ratio was 1.9; median age at
diagnosis was 14 years (range: 2-40). Tumor site was extremity
in 55.8% of cases, and axial in the remaining 44.2%. All patients
received the assigned induction treatment without withdrawals.

Local treatment consisted of surgery alone in 148 patients (63.5%)
(69 in Arm A and 79 in Arm B), surgery + postoperative RT in 27

120 Patientsin Arm B
Intention-To-Treat population

patients (11.6%) (12 in Arm A and 15 in Arm B), exclusive RT in 40
patients (17.2%) (22 in Arm A and 18 in Arm B). Eighteen patients
(7.7%) (10 in Arm A and eight in Arm B) received preoperative
RT and were evaluated for response according to the radiological
criteria.

A total of 56 (24.0%) patients relapsed (31 in Arm A and 25 in
Arm B), 14 (seven in Arm A and seven in Arm B) of which during
the consolidation phase. The sites of relapse were primary tumor
only in 12 cases (seven in Arm A and five in Arm B), metastatic
only in 34 cases (17 in each arm), and a combination of local and
metastatic sites in 10 cases (seven in Arm A and three in Arm
B). Among the metastatic relapses, the lungs were the sole site
in 20 cases (11 in Arm A and nine in Arm B), the skeleton in nine
cases (six in Arm A and three in Arm B), and multiple metastatic
sites in 15 cases (seven in Arm A and eight in Arm B). Details of
distribution of event type according to local control modality are
described in Table S1.

During the study period, 43 patients died. Thirty-nine patients
died due to relapse of the disease (21/31 equal to 67.7% in Arm
A and 18/25 equal t072.0% in Arm B), and two died in each arm,
as first event, for toxicity. All the patients who relapsed during
consolidation treatment died. The two toxic deaths consisted in
one case of fatal brain hemorrhage at Day +12 after HDCT (Arm A
induction), and in the other case in progressive left heart failure
after the second consolidation course of chemotherapy that
required interruption of treatment and led to death 12 months
after diagnosis (Arm B induction). Second malignancies
were reported in three patients: two in Arm B (a patient was
diagnosed with an acute myeloid leukemia M4 according to
French-American-British [FAB] classification, 21 months
after diagnosis, and one with a myelodysplasia 45 months
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TABLE 2 | Demographics and clinical characteristics overall and according to randomized treatment arm.

Overall (N = 233)

Arm A (N =113) Arm B (N = 120)

n (%) n (%) n (%) SMD
Age at diagnosis (years) 0.056
<14 125 (53.6) 59 (52.2) 66 (55.0)
>14 108 (46.4) 54 (47.8) 54 (45.0)
Median (1st and 3rd quartile) 14 (11;18) 14 (11;17) 14 (11;18)
Sex 0.026
Male 152 (65.2) 73 (64.6) 79 (65.8)
Female 81(34.8) 40 (35.4) 41 (34.2)
Primary tumor site 0.654
Clavicula 3(1.3) 0 3(2.5)
Head and neck 6(2.6) 2(1.8) 4(3.3)
Lower extremity 104 (44.6) 40 (35.4) 64 (53.3)
Pelvic bones 58 (24.9) 27(23.9) 31(25.8)
Rib 15 (6.4) 9(8.0) 6 (5.0)
Scapula 5(2.1) 5(4.4) 0
Upper extremity 26 (11.2) 19 (16.8) 7(5.8)
Vertebra 16 (6.9) 11(9.7) 5(4.2)
Tumor volume (mL) 0.211
<200 137 (58.8) 70 (61.9) 67 (55.8)
>200 73 (31.3) 30 (26.5) 43(35.8)
Unknown 23(9.9) 13 (11.5) 10 (8.3)

Abbreviation: SMD, standardized mean difference.

after diagnosis); in Arm A, a lung adenocarcinoma occurred
143 months after ES diagnosis. These three patients subsequently
died from the second malignancy. At the end of the follow-up, 173
(74.3%) patients were in first complete remission (80/113 equal to
70.8% in Arm A and 93/120 equal to 77.5% in Arm B).

Non-inferiority assessed in the primary test would be rejected
if the one-sided 95% CI for the 5-year EFS included 50% or, in
term of HR, if the superior limit of the 90% CI of the HR of the
intensive induction treatment group versus standard induction
treatment group would include 1.608.

With a median follow-up of 91.4 months (five patients lost to
follow-up at 44.1, 43.8, and 17.8 months in Arm A and 23.3
and 41.2 months in Arm B), the 5-year EFS (90% CI) from
randomization was 71.7% (64.0%-78.0%) and 77.5% (70.4%-83.1%)
in Arm A and Arm B, respectively (Figure 3A). The corresponding
HR (90% CI) for intensive induction treatment group versus
standard induction treatment group was 0.74 (0.49-1.14), thus
excluding the 1.608 threshold. In the PP population, the 5-year
EFS (90% CI) was 72.1 (63.7%-79.0%) for Arm A and 77.7%
(70.0%-83.6%) for Arm B.

The 5-year OS from randomization (95% CI) was 81.2% (74.3%—
88.8%) and 85.7% (80.0%-92.2%) for patients in Arm A and Arm
B, respectively (Figure 3B). Overall, GRs (95% CI) in Arm A
were 54.9% (42.5%—-67.3%), while in Arm B were 62.5% (51.5%—

73.5%). Excluding patients who underwent preoperative RT,
the percentages of GRs were 53.4% (40.2%-66.6%) and 64.3%
(53.2%-75.4%), respectively.

The 5-year EFS from the end-of-induction chemotherapy was
64.6% (52.8%-79.2%) and 77.4% (67.6%-88.5%) for PRs and GRs in
Arm A, respectively, and 69.8% (57.3%-84.9%) and 82.3% (74.1%—
91.5%) for PRs and GRs in Arm B, respectively (Figure 3C).
The 5-year EFS from local treatment was 88.8% (80.0%-98.6%),
83.7% (77.9%-89.9%), and 64.9% (51.7%-81.6%) for patients under-
going surgery+RT, surgery alone, and RT alone, respectively
(Figure 3D).

In both univariable and multivariable models, necrosis grading
was statistically associated with EFS and OS (p < 0.05). Inop-
erable patients, undergoing exclusive RT had the higher risks
of event (HR: 3.05, 95% CI: 1.33-6.99 and HR: 5.03, 95% CI:
1.76-14.38 for EFS and OS, respectively) at multivariable analysis
(Table 3).

Acute adverse events are summarized in Table 4. During the
induction phase, severe platelet decrease and anemia were more
frequent in Arm B, with an increased number of transfusions.
Furthermore, in Arm B more frequent Grade 3-4 gastrointesti-
nal toxicity (mucositis in most cases) and neurological toxicity
related to ifosfamide were recorded. The two different induction
treatments did not influence the toxicities observed during the
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control modality (D).

subsequent consolidation phase, while the two toxic deaths were
one in each arm.

4 | Discussion

These results support the hypothesis of non-inferiority of Arm
B. Furthermore, patients in Arm B who achieved a good
response and continued treatment without myeloablative therapy
reached similar EFS (5-year EFS 82.7% vs. 77.4%) with shorter
maintenance therapy (five vs. nine courses, Figure 3C).

Hematological toxicity and mucositis during the induction phase
in Arm B were higher, even if manageable, while no relevant
difference in the incidence of adverse events in the subsequent
consolidation phase was observed.

The clinical outcome recorded in this study is similar to
prior randomized studies [10-13]. The Phase III study by
COG AEWSI031 trial demonstrated that the addition of topote-

can/cyclophosphamide courses did not further improve EFS and
OS when compared to the previous AEWS0031 trial with the five-
drug compressed schedule [10, 12]. The results of the EuroEwing-
2012 study showed that interval-compressed VDC/IE was more
efficacious than the VIDE scheme, and is now considered the
standard treatment and a backbone for future studies in Europe
[13]. All these data together suggest that a more intense treatment
in the induction phase might offer a better chance of controlling
the disease, limiting the selection of resistant tumor clones.

Poor tumor necrosis was associated with lower EFS and OS,
and confirmed the findings of ISG/SSGIII Study [14] and Euro-
E.W.LLN.G.99/Ewing-2008 Studies [20]. In these studies, the
consolidation with HDCT in localized PRs improves EFS prob-
ability, reducing the EFS gap between PR and GR patients who
receive standard consolidation treatment. However, these results
are reached at a price of a significant increase of toxicity [14, 20].

Dealing with local treatment, the peculiarity of this study was
related to the role of postoperative RT, which was performed
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TABLE 4 | Adverse events according to the National Cancer Institute Common Toxicity Criteria (version 4.0) during induction and consolidation

phase according to study arm and induction response.

Induction phase

Arm A Arm B
n=113 n=120

n (%) n (%)

Consolidation phase

ArmA, ArmB, ArmA, ArmB,
GRs GRs PRs PRs
n=61 n=176 n=>52 n=44

SMD n (%) n (%) n (%) n (%) SMD

Blood and lymphatic system disorders: 1(0.9) 10 (8.3)
Anemia (Grade 4)

Investigations: Neutrophil count 92(81.4) 93(77.5)
decreased (Grade 4)

Platelet count decreased (Grade 4) 8(71) 25(20.8)
Gastrointestinal disorders-mucositis 8(7.1) 13 (10.8)
Gastrointestinal disorders—other than 4(3.5) 12(10.0)
mucositis

Hepatobiliary disorders (Grade 3-5) 1(0.9) 4(3.3)
Infections (Grade 3-5) 3(2.7) 3(2.5)
Nervous system disorders (Grade 3-5) 1(0.9) 5(4.2)
Cardiac disorders (Grade 3-5) 0 0
Renal and urinary disorders (Grade 3-5) 0 1(0.8)
Respiratory disorders (Grade 3-5) 0 0

At least 1 platelet transfusion 5(4.4) 28(23.3)
At least 1 packed red cell transfusion 32(28.3) 58(48.3)
At least one unscheduled hospital stay 50 (44.2) 71(59.2)

0361  4(66) 8(10.5) 4(7.7) 6(13.6)  0.135

0.097 51(83.6) 56(73.7) 42(80.8) 36(8L8) 0126

0405 16(262) 26(342) 14(269) 9(20.5)  0.158
0.132 6(9.8) 9(11.8) 1(1L9)  2(45 0238
0275  4(66) 4(53)  1(L9) 0 0.234
0171 0 2(2.6) 0 0 0.116
0010 2(33) 5(66) 3(58)  2(45)  0.086
0.210 0 5(66)  1(19) 0 0.230
<0001 1(1.6) 3(39)  1(19) 0 0.158

0.130 3(49)  2(26) 1(1L9) 245  0.100

<0.001 0 1(1.3) 0 0 0.082
0569  17(27.9) 30(39.5) 37(71.2) 19(432) 0478
0421  8(131) 18(237) 6(1L5) 9(20.5)  0.194

0302 40(65.6) 64(84.2) 42(80.8) 27(61.4)  0.323

Abbreviations: GRs, good responders; PRs, poor responders; SMD, standardized mean difference.

as per protocol only for patients with intralesional or marginal
surgery, without taking into account other parameters such as
tumor volume or chemotherapy-induced tumor necrosis. The
cumulative incidence of local relapse in patients who received
surgery alone is 6.8% in the present study, and the results show
a better EFS in patients undergoing surgery or surgery + RT
versus RT alone, thus suggesting the fundamental role of surgery,
when considered feasible, even in the skeletal sites at higher
level of difficulty for resectability [5, 14, 21-25]. When wide
resection and good histologic response are reached, the role of
postoperative RT remains not yet completely clarified [22, 25-27].
This consideration acquires particular importance because we are
dealing with a young patient population at risk of sequelae. It
is difficult to compare the results of the herein study to those
of other trials due to different timing of local treatment. In fact,
in our study local treatment is planned after four courses of
induction treatment (given in 12 weeks), similarly to AEWS0031
trial (six courses in 12 weeks), while in both EuroE.W.I.N.G.99
(six courses in 18 weeks) and Euro-EWING2012 (six courses in
18 weeks vs. nine courses in 18 weeks), local treatment was
planned 6 weeks later.

In summary, the results of the ISG/AIEOP EW1 Study docu-
ment a survival improvement when compared to the previous
ISG/SSGIII Study [14, 28-30] and a good compliance of patients
and their families to the trial, with a proportion of randomization
acceptance as high as 94%.

Based on the wealth of data accumulated in the literature, includ-
ing our study, further improvement of outcome by increasing the
intensity of chemotherapy in localized ES is probably limited.
International cooperation and large controlled clinical trials are
keys to successfully evaluating the impact of different treatment
strategies in this rare disease. Since this trial was initiated and
completed, the compressed VDC/IE regimen has become the
international standard of care, being highly effective for localized
ES. For this reason, compressed VDC/IE will be adopted as the
backbone for future trials in localized ES at onset, and ISG and
AIEOP will join the international Euro-EWING-1 study, which
includes this scheme.

The experimental arm of the present study, which could be
delivered with a shorter period of time for a total of nine courses
at 3-week intervals, would be an alternative option in selected
patients with localized ES when the compressed scheme VDC/IE
is considered to have excessive risk of toxicity.
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