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abstract

PURPOSE Monoclonal antibodies directed against insulin-like growth factor-1 receptor (IGF-1R) have shown
activity in patients with relapsed Ewing sarcoma. The primary objective of Children’s Oncology Group trial
AEWS1221 was to determine if the addition of the IGF-1R monoclonal antibody ganitumab to interval-
compressed chemotherapy improves event-free survival (EFS) in patients with newly diagnosed metastatic
Ewing sarcoma.

METHODS Patients were randomly assigned 1:1 at enrollment to standard arm (interval-compressed
vincristine/doxorubicin/cyclophosphamide alternating once every 2 weeks with ifosfamide/etoposide 5 VDC/IE)
or to experimental arm (VDC/IE with ganitumab at cycle starts and as monotherapy once every 3 weeks for 6 months
after conventional therapy). A planned sample size of 300 patients was projected to provide 81% power to detect an
EFS hazard ratio of 0.67 or smaller for the experimental arm compared with the standard arm with a one-sided a

of .025.

RESULTS Two hundred ninety-eight eligible patients enrolled (148 in standard arm; 150 in experimental arm).
The 3-year EFS estimates were 37.4% (95% CI, 29.3 to 45.5) for the standard arm and 39.1% (95% CI, 31.3 to
46.7) for the experimental arm (stratified EFS-event hazard ratio for experimental arm 1.00; 95% CI, 0.76 to
1.33; 1-sided, P 5 .50). The 3-year overall survival estimates were 59.5% (95% CI, 50.8 to 67.3) for the
standard arm and 56.7% (95% CI, 48.3 to 64.2) for the experimental arm. More cases of pneumonitis after
radiation involving thoracic fields and nominally higher rates of febrile neutropenia and ALT elevation were
reported on the experimental arm.

CONCLUSION Ganitumab added to interval-compressed chemotherapy did not significantly reduce the risk of EFS
event in patients with newly diagnosed metastatic Ewing sarcoma, with outcomes similar to prior trials without
IGF-1R inhibition or interval compression. The addition of ganitumab may be associated with increased toxicity.

J Clin Oncol 41:2098-2107. © 2023 by American Society of Clinical Oncology

INTRODUCTION

Patients with newly diagnosed, metastatic Ewing
sarcoma have poor outcomes, with most studies
reporting 3-year event-free survival (EFS) rates
, 50%.1-5 Studies restricted to patients with isolated
pulmonary metastatic disease have reported more
favorable outcomes, although still only approximately
half of such patients are expected to remain disease-
free.2,6 Although outcomes have improved in recent
decades for patients with localized Ewing sarcoma,1,7

there has been no demonstrable improvement

for patients with metastatic Ewing sarcoma des-
pite addition of ifosfamide/etoposide, addition of
topotecan/cyclophosphamide, augmentation of alky-
lator and anthracycline doses, or use of high-dose
chemotherapy with autologous stem-cell rescue.1-3,8

Although interval-compressed chemotherapy adminis-
tered once every 2 weeks (a successful strategy in lo-
calized Ewing sarcoma7) had not previously been
investigated in patients with metastatic disease, prior
failures of chemotherapy intensification in this pop-
ulation argue for incorporation of novel agents.
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The insulin-like growth factor-1 (IGF-1) and its receptor (IGF-
1R) have long been implicated in the pathogenesis of Ewing
sarcoma. These tumors overexpress IGF-1R, and the ca-
nonical oncogenic translocation most commonly seen in this
disease (EWSR1/FLI1) has been shown to repress expres-
sion of an endogenous negative regulator (IGFBP3), thereby
leading to pathway activation.9-11 A large body of preclinical
work has shown efficacy of small molecules and monoclonal
antibodies targeting IGF-1R against Ewing sarcoma.9,11-16

These findings motivated phase I and II trials of IGF-1R–
directedmonoclonal antibodies for relapsed Ewing sarcoma.
Collectively, these trials showed an objective response rate of
approximately 10% with a favorable toxicity profile.17-24 For
example, a phase II trial of the IGF-1R monoclonal antibody
ganitumab showed that 11% of patients with relapsed Ewing
sarcoma had partial response or prolonged stable disease
with this agent.17 No prior trials have evaluated an IGF-1R
monoclonal antibody in combination with chemotherapy for
patients with Ewing sarcoma, although trials in other indi-
cations have demonstrated feasibility of this approach.25,26

In this context, we conducted a phase III, randomized,
open-label trial with the primary objective to determine if the
addition of ganitumab to interval-compressed chemo-
therapy reduces the risk of EFS event for patients with newly
diagnosed, metastatic Ewing sarcoma. Key secondary and
exploratory clinical objectives included evaluation of overall
survival (OS), response, toxicity, and ganitumab trough
concentrations. This report represents the primary analysis
of the trial.

METHODS

Patient Eligibility

Patients age , 50 years with newly diagnosed, metastatic
Ewing sarcoma or primitive neuroectodermal tumor (according
to institutional histologic diagnosis; molecular confirmation was
not required) were eligible if they had adequate renal, hepatic,

and cardiac function according to protocol definitions (Pro-
tocol, online only). Patients were required to have normal blood
glucose, no known diabetes mellitus, and not be receiving
chronic pharmacologic doses of corticosteroids. Patients
were excluded if they met any of these criteria: primary
tumors arising in the intradural soft tissues; regional node
involvement as only site of disease outside primary site;
prior chemotherapy or radiotherapy; or pregnant or
breastfeeding.

The National Cancer Institute’s (NCI) Pediatric Central
Institutional Review Board (IRB) approved AEWS1221.
Participating sites either relied upon the central IRB or
obtained IRB approval locally. All patients (or legal
guardians for minor subjects) provided written informed
consent before enrollment.

Study Design and Interventions

AEWS1221 (ClinicalTrials.gov identifier: NCT02306161)
was a prospective, randomized, open-label, phase III trial
for patients with newly diagnosed, metastatic Ewing sar-
coma. Patients were randomly assigned 1:1 at enrollment
to interval-compressed chemotherapy analogous to
AEWS0031 Regimen B,7 or to that same chemotherapy
plus the addition of ganitumab (Fig 1). Random assignment
was stratified according to age at enrollment (, 21 years
v $ 21 years) and metastatic pattern (isolated pulmonary
metastasis v all others).

Patients in both arms were to receive 14 chemotherapy
cycles (Fig 1). In addition, local control of the primary tumor
was planned after the first six cycles, using surgery, radi-
ation, or surgery plus radiation according to investigator
choice. After completing 14 cycles, patients were to receive
radiotherapy to metastatic sites, including whole-lung radi-
ation for patients with pulmonarymetastasis at diagnosis and
radiation (conventional or stereotactic) to bone metastasis.
The intent was to treat all bone metastases present at di-
agnosis, recognizing that some patients have too many sites
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to treat feasibly. Patients with thoracic primary tumors and
lung metastases received whole-lung radiation concurrent
with primary site radiation. Surgical management of soft
tissue metastatic sites was allowed at investigator discretion.
See full protocol for local control guidelines.

Patients randomly assigned to the experimental arm re-
ceived ganitumab 18 mg/kg/dose intravenously once on
day 1 of cycles 1-6 and 10-14. Ganitumab was omitted
during cycles 7-9 regardless of local control modality. After
completing metastatic site radiation, patients on the ex-
perimental arm received ganitumab 18 mg/kg/dose once
every 3 weeks for eight doses as monotherapy mainte-
nance. Ganitumab was administered over 30-120 minutes
depending upon dose and prior infusion-related reactions.

End Points and Evaluations

The primary outcome measure was EFS, defined as the time
from enrollment to event (disease progression, biopsy-proven
marrow involvement at end-consolidation, diagnosis of a
second malignancy [SMN], or death regardless of cause) or
last patient contact, whichever occurred first. Patients without
event were censored at last contact. OS and toxicity were
secondary end points. OS was defined as the time from
enrollment to death regardless of cause or last patient
contact. A patient who was alive at last contact was con-
sidered censored. Toxicity was assessed using NCI Common
Terminology Criteria for Adverse Events (CTCAE) version 4.
Exploratory end points reported herein included bonemarrow
response,maximum standardized uptake values (SUV) at the
primary site, and ganitumab trough concentrations.

Patients underwent primary site imaging (computed to-
mography [CT] or magnetic resonance imaging [MRI]),
chest CT, fluorodeoxyglucose-positron emission tomogra-
phy (FDG-PET), and imaging of bone and/or soft tissue
metastasis at study entry and then after 6, 10, and 14
cycles. Thereafter, patients underwent primary site imaging
(CT or MRI), chest CT, and FDG-PET every 3 months for the
first year after chemotherapy followed by surveillance ra-
diographs of primary site and chest unless symptoms or
tumor site warranted additional imaging. Bilateral bone
marrow aspirates and biopsies were required at study entry.
Patients with bonemarrowmetastasis were to repeat testing
after cycle 3, 6, and 10 until negative, and then again after
14 cycles even if previously cleared.

Progression of primary bone tumors was defined as. 40%
increase in tumor volume compared with smallest volume
since study entry. Progression of soft tissue primary or
metastatic tumors was defined according to RECIST version
1.1.27 Progression of bone metastasis was defined as any of
the following: new bone metastasis at a previously unin-
volved site; soft tissue mass . 1 cm at a prior bone me-
tastasis either without a prior soft tissue mass or that
previously had a soft tissue mass, 1 cm;. 20% increase
in axial measurement of soft tissue mass for bone me-
tastasis with known soft tissue mass . 1 cm; or viable
tumor detected at least 8 weeks after radiation to a prior
bone metastasis. Progression of bone marrow metastasis
was defined as newmarrow involvement in patients without
prior marrow involvement or in patients who had prior
clearance of marrow disease.

Enroll and
randomly 

assign

Induction
(six cycles)

Induction 
(six cycles) +
ganitumab

Local control

Local control

Consolidation
(eight cycles)

Consolidation
(eight cycles) +

ganitumab

Metastatic site
radiation

Metastatic site
radiation

Maintenance 
with ganitumab

Systemic therapy

  Both arms: 14 cycles of chemotherapy once every 2 
   weeks
     Vincristine/doxorubicin/cyclophosphamide in cycles 
     1, 3, 5, 7, 10, 11, and 13 (no doxorubicin in last two cycles)
     Ifosfamide/etoposide in cycles 2, 4, 6, 8, 9, 12, and 14
     Dosing as per AEWS0031, regimen B

  Experimental arm:
    Ganitumab 18 mg/kg once at start of cycles 1-6, 10-14      
    Ganitumab 18 mg/kg once every 3 weeks × 6 months during 
    maintenance 

Local therapy

  Local control to primary site after first six cycles of 
    systemic therapy
      Investigator choice of modality

Metastatic site radiation occurred after all 14 
cycles of systemic chemotherapy
    Whole-lung radiotherapy if lung metastasis
    Stereotactic or conventional radiotherapy to bone 
    metastasis
    Conventional radiotherapy to other metastases

FIG 1. Study schema.
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The first 10 patients , 21 years randomly assigned to the
experimental arm provided serum samples before first,
second, third, and sixth ganitumab doses, and then again
before first, third, fourth, and sixth ganitumabmonotherapy
doses during the maintenance phase. Ganitumab serum
concentrations were measured as previously described.24

Statistical Considerations

AEWS1221 was originally opened as a randomized phase II
study. The expected enrollment rate was 3.5 patients/mo.
The primary analysis was planned after 3 years of enroll-
ment and 1 year of follow-up. Given the original planning
parameters, this would provide 126 patients and 82 EFS
events. At that time, we were to test the hypothesis of no
reduction in risk of EFS event using a stratified relative risk
regression model whose only variable was the randomized
treatment assignment. If one-sided log-rank test with an
alternative of reduced relative hazard ratio (RHR) associ-
ated with the experimental regimen obtained a P value of
.20 or less, we were to consider this evidence that the
experimental regimen should be considered for further
evaluation.

Twenty months after enrollment began and before any
interim analyses, we observed that the enrollment rate was
approximately 5 patients/mo, providing an unexpected
opportunity to address definitively the role of IGF-1R in-
hibition in this population in a feasible timeline. After
consultation with NCI and without review of trial outcome
data, we modified the study design to enroll 300 patients
over 5 years and continue follow-up for 1.5 years after the
last patient was enrolled. At that time, we expected to
observe 196 EFS events if the RHR associated with the
experimental regimen was 0.67. We planned to assess the
efficacy of the experimental regimen by testing the hy-
pothesis of no reduction in risk of EFS event using a
stratified relative risk regression model whose only variable
in the model was a term for the randomized treatment
assignment. If 1-sided log-rank test with an alternative of
reduced RHR associated with the experimental regimen
obtained a P value of .025 or less, we considered this
evidence of a significant reduction in EFS risk associated
with the experimental regimen. This testing procedure
provided 81% power if the experimental regimen RHR was
0.67. Detailed statistical properties of the design are de-
scribed in the Data Supplement (online only).

EFS events were classified into one of five categories: (1)
primary site only relapse; (2) distant site relapse; (3)
combined distant and primary site relapse; (4) SMN; or (5)
death. The cumulative incidence of a particular event type
was estimated and equality of cumulative incidence be-
tween the two arms was tested using the method of Gray.28

As detailed below, the Data and Safety Monitoring Com-
mittee (DSMC) mandated crossover from experimental to
standard regimen at the second interim analysis. To assess
the effect of this unanticipated crossover for a subset of

patients, we fitted a stratified time-dependent covariate
relative hazards model (Data Supplement).

The equality of distributions of continuous variables, such
as time to complete induction and time to complete con-
solidation, was assessed using the Kruskal-Wallis test.29

Each patient’s outcome was associated with their ran-
domized treatment assignment.

Risk for EFS event was assessed using a one-sided P value;
all other quoted P values are two-sided, with two-sided P
values of .05 considered to indicate a statistically significant
result.

RESULTS

Patient Characteristics

Three hundred twelve patients were enrolled from De-
cember 2014 to March 2019, of whom 14 were ineligible
(Fig 2). Characteristics of the 298 eligible patients were
similar between the two randomized arms (Table 1). Forty
percent of patients had isolated pulmonary metastasis. The
60% of patients with metastasis not confined to the lung
most commonly had bone and/or bonemarrow involvement
(Appendix Table A1, online only). Most patients (77.1%)
received definitive radiotherapy for primary site local control
(Appendix Table A2, online only).

Toxicity

Rates of grade 31 nonhematologic toxicity were broadly
similar between randomized arm, although rates of febrile
neutropenia and increased ALT were each approximately
10% greater in patients randomly assigned to the experi-
mental arm (Table 2). Given prior experience with IGF-1R
monoclonal antibodies, we also evaluated rates of grade 31
toxicities of special interest, including allergic/infusion re-
actions, hyperbilirubinemia, hyperglycemia, cardiac dys-
function, and pneumonitis (Table 2). All of these toxicities
occurred in, 10% of patients on both arms. Only the rates
of pneumonitis appeared higher in the experimental arm
(0.7% v 2.7%), including the only grade 5 event. All four
patients with grade 31 pneumonitis on the experimental
arm had received radiotherapy to the thorax.

We also investigated whether the addition of ganitumab
increased time to complete standard chemotherapy. For
the 276 patients who began consolidation, the median time
to complete induction was 102.5 (range, 83-170) days on
the standard arm versus 105 (range, 85-191) days on the
experimental arm (P 5 .16). For the 158 patients who
began metastatic site radiation, the median time to com-
plete consolidation was 156 (range, 105-250) days on the
standard arm versus 170 (range, 125-243) days on the
experimental arm (P 5 .012).

Efficacy

At the second DSMC interim monitoring point reflecting
50.5% observed information, the EFS hazard ratio for ex-
perimental arm compared with standard arm was 0.95
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(95% CI, 0.65 to 1.39; Data Supplement). Although the
protocol-defined inefficacy boundary was not yet crossed at
this second interim analysis, the DSMC recommended
early closure and early discontinuation of ganitumab in
March 2019 based upon the observed outcome data and
the aforementioned potential increased risk of pneumo-
nitis. The study team accepted this recommendation.
Patients were followed for an additional three years from
time of early closure for this final primary analysis.

As of the March 31, 2022, data cutoff for this final analysis,
195 events were reported: 180 relapses/progressions (in-
cluding one patient with bone marrow involvement at end-
consolidation); 10 SMNs; and five deaths as first events.
The 3-year EFS estimate was 38.3 (95% CI, 32.7 to 43.9).
Risk for EFS event did not differ significantly between
randomized arms (3-year EFS 37.4% [95% CI, 29.3 to
45.5] for standard arm versus 39.1% [95% CI, 31.3 to
46.9], for experimental arm; stratified hazard ratio [HR] for
experimental arm 1.00; 95% CI, 0.76 to 1.33; 1-sided

P 5 .50; Figure 3A). EFS estimates within prede-
fined strata were similar between randomized arms
(Appendix Table A3, online only). The failure patterns
(primary v metastatic v combined primary 1 metastatic)
were predominantly metastatic and were broadly similar
between randomized arms, although no patients on the
experimental arm had combined failure (Appendix Table
A4, online only). Risk for death did not differ significantly
between randomized arms (3-year OS 59.5% [95% CI,
50.8 to 67.3] for standard arm v 56.7% [95% CI, 48.3 to
64.2], for experimental arm; stratified HR for experimental
arm 1.03; 95% CI, 0.75 to 1.42; P 5 .99; Figure 3B).

Since ganitumab was discontinued early in 45 patients after
interim analysis, we completed a post hoc analysis to evaluate
the possible impact of this unanticipated crossover from ex-
perimental arm to standard arm. Time-dependent covariates
accounting for these crossovers were not significantly asso-
ciated with risk for event or death, indicating no significant
crossover effect on EFS or OS (Data Supplement).

Enrolled and randomly assigned (N = 312)

Standard arm: regimen A (n = 157) Experimental arm: regimen B (n = 155)

Ineligible                                                                          (n = 9)
 Because of disease histology typea                                     (n = 5)
 Because of timing of enrollment                                         (n = 1)
 Required specimens not submitted                        (n = 3)

Completion of protocol therapy (n = 93) Completion of protocol therapy (n = 86)

Eligible (n = 148) Eligible (n = 150)

Ineligible                                                                      (n = 5)
 Because of disease histology typeb                                (n = 3)
 Because of timing of enrollment                                (n = 1)
 Audit found to be ineligible because of                          (n = 1)
   stage or extent of disease 

Off protocol therapy early                                         (n = 55)
   Physician determines it is in patient's                    (n = 16)
     best interest 
   Refusal by patient, parent, or guardian                     (n = 14)
   No protocol therapy WDc                                         (n = 3)
   WDc                                                                            (n = 1)
   Biopsy-positive viable tumor after                            (n = 1)
   completion of metastatic site radiation
   Development of second malignancy                        (n = 1)
   Progressive disease                                                 (n = 19)

Off protocol therapy early                                       (n = 64)
   Physician determines it is in patient's                 (n = 12)
     best interest
   Refusal by patient, parent, or guardian                      (n = 6)
   Biopsy-positive viable tumor after                         (n = 1)
   completion of metastatic site radiation
   Death                      (n = 3)
  Progressive disease                                               (n = 42)

FIG 2. CONSORT diagram of patient enrollment and eligibility. aRound cell sarcoma (n 5 2); desmoplastic small round cell tumor; NUT
carcinoma; BCOR-rearranged sarcoma; bMesenchymal chondrosarcoma; rhabdomyosarcoma; lymphoblastic lymphoma; cWD, with-
drawal of consent for any further data submission.
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Among the 69 patients with bone marrow metastatic
disease at study entry who had follow-up marrow eval-
uations, 49/69 (71%) cleared after first three cycles,
18/69 (26.1%) cleared after first six cycles, and 2/69
(2.9%) remained involved after first six cycles. There were
similar rates of clearance between randomized arms
(69% [22/32] and 31% [10/32] cleared after three and
six cycles on standard arm v 73% [27/37] and 22% [8/37]
cleared after three and six cycles on experimental arm,
respectively).

Paired data for primary site FDG-PET maximum SUV at
baseline and end-induction were available for 172 patients.
The median relative SUV (reflecting end-induction
SUV/baseline SUV) for the full cohort was 0.34 (range,
0.063-2.7), with no significant difference in median relative
SUV between randomized arms (median of 0.34 on both
arms; P 5 .94).

Ganitumab Trough Concentrations

Ganitumab trough concentrations for prespecified time
points are shown in Appendix Table A5 (online only). Based
upon prior testing,24 the goal trough concentration was a
level . 10,000 ng/mL. After the first and second doses,
9/10 and 10/10 patients met this benchmark, respectively.
During maintenance with ganitumab administered once
every 3 weeks instead of once every 2 weeks, all patients
with evaluable data met this benchmark.

DISCUSSION

In this trial, the largest ever, to our knowledge, conducted
by the Children’s Oncology Group (COG) for patients with
metastatic Ewing sarcoma, the IGF-1R–directed mono-
clonal antibody ganitumab did not reduce risk of EFS event
or death when added to conventional therapy. Outcomes
for patients treated with interval-compressed chemother-
apy on the standard arm were similar to those reported in
prior trials in this population,1-3 adding to accumulating
data that chemotherapy intensification is unlikely to im-
prove outcomes in these patients. Even in the most fa-
vorable stratum of this trial (younger patients with isolated
pulmonary metastasis), 3-year EFS was , 60%. These
results argue strongly for new strategies to improve out-
comes in this population.

Our results add to existing literature that demonstrate the
failure of IGF-1R–directed monoclonal antibodies to
improve outcomes when added to conventional che-
motherapy across a range of cancers. Ganitumab added
to gemcitabine did not improve OS for patients with
metastatic pancreatic cancer.25 Likewise, figitumumab
added to paclitaxel/carboplatin did not improve OS for
patients with advanced non–small-cell lung cancer.26

As with our study, these and other trials were moti-
vated in part by laboratory data demonstrating that
blocking IGF-1R signaling could improve the efficacy of
conventional chemotherapy.30-32 The reasons these

TABLE 1. Characteristics of 298 Eligible Patients
Characteristic Standard Arm (n 5 148) Experimental Arm (n 5 150) All Patients (n 5 298)

Age at enrollment, years, No. (%)

, 21 126 (85) 127 (85) 253 (85)

$ 21 22 (15) 23 (15) 45 (15)

Sex, No. (%)

Female 67 (45) 66 (44) 133 (45)

Male 81 (55) 84 (56) 165 (55)

Race, No. (%)

White 122 (82) 121 (81) 243 (82)

Black 3 (2) 2 (1) 5 (2)

Asian 3 (2) 4 (3) 7 (2)

Other/unknown 20 (14) 23 (15) 43 (15)

Primary site, No. (%)

Pelvic bones 43 (29) 53 (35) 96 (32)

Extremity bones 49 (33) 41 (27) 90 (30)

Other bones 30 (20) 30 (20) 60 (20)

Soft tissue 26 (18) 26 (17) 52 (17)

Metastatic pattern at enrollment, No. (%)

Lung only 60 (41)a 60 (40)a 120 (40)

Not isolated to lung 88 (59) 90 (60)b 178 (60)

aIncludes one patient enrolled in the lung only stratum subsequently revised to include an additional metastatic site.
bIncludes one patient enrolled in the not isolated to lung stratum subsequently revised to have metastatic disease to lung only.
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preclinical findings have not translated into clinical
benefit are not clear.

There are several potential reasons for failure of ganitumab
to improve outcomes in this trial. Fundamentally, it is
possible that the IGF-1R pathway is not as critical to growth
and survival of Ewing sarcoma as decades of preclinical

data have suggested, although objective responses in
patients with relapsed disease argue against this possibility.
Although blood levels of ganitumab exceeded goal con-
centrations, it is possible that intratumoral concentrations
were inadequate. Patients randomly assigned to the ex-
perimental arm required slightly more time to complete

TABLE 2. Grade 3 or Higher Nonhematologic Toxicity According to Randomized Arm

Toxicity

Percentage of Patients in Standard Arm
With Indicated Toxicity and Grade

Percentage of Patients in Experimental Arm
With Indicated Toxicity and Grade

Grade 3, % Grade 4, % Grade 5, % Grade 3, % Grade 4, % Grade 5, %

Nonhematologic toxicities occurring in $ 10% of patients

Febrile neutropenia 39.3 3.4 48.0 5.3

Infections/infestations 27.6 2.1 32.7 6.7

Mucositis oral 11.0 13.3

Anorexia 11.0 12.7

Hypokalemia 10.3 0.7 9.3 2.0

ALT increased 3.4 0.7 13.3 0.7

Dermatitis radiation 7.6 10

Toxicities of special interest regardless of incidence

Infusion-related reaction 0.7 0.7

Allergic reaction 0.7 1.3

Anaphylaxis 2.8 0.7 2.7 1.3

Bilirubin increased 2.8 2.7

Glucose intolerance 0.7

Hyperglycemia 5.5 6.7

Ejection fraction decreased 1.4 1.3

Left ventricular systolic dysfunction 0.7

Pneumonitis 0.7 2.0 0.7

NOTE. Toxicities occurring in $ 10% of either arm are shown in the top part of the table, and toxicities of special interest are shown in the bottom part of
the table, regardless of attribution. Data represent percent of patients with at least one episode of the stated toxicity during protocol therapy.
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FIG 3. Kaplan-Meier curves of (A) EFS and (B) OS from time of random assignment according to randomized arm. EFS, event-free survival; OS,
overall survival.
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consolidation, and this reduction in treatment intensity may
have contributed to the current null finding. Early dis-
continuation of ganitumab following DSMC review could
have diluted any beneficial effects, although our post hoc
analysis does not support this possibility. Since local control
strategies of the primary and metastatic sites were at in-
vestigator choice, it is also possible that unplanned dif-
ferences in local control approaches between arms may
have affected observed outcomes. Finally, there is no in-
ternational consensus on response criteria for patients with
metastatic bone sarcoma. We acknowledge that the re-
sponse criteria reflected expert consensus at the time,
although these criteria were applied uniformly in both arms
of the trial, mitigating any impact on trial outcomes.

Lack of patient selectionmay have contributed to our observed
findings in at least three ways. First, eligibility criteria did not
require molecular confirmation of diagnosis and centralized
molecular testing was not performed. A prior analysis of in-
stitutional translocation testing from this trial showed that 14%
of patients lacked molecular data supporting the diagnosis.33

As such, it is possible that patients with histologic mimics of
Ewing sarcoma without an established role for IGF-1R inhi-
bitionmay have enrolled, further diluting any beneficial effect
of ganitumab in bona fide Ewing sarcoma (ie, tumors with
FET/ETS translocations). Second, there are no validated

biomarkers predictive of benefit from IGF-1R inhibition and
therefore no enrichment could be performed in our trial.
Correlative biology work, including potential genomic pre-
dictors, is ongoing from specimens obtained from
AEWS1221 participants and will be reported in subsequent
manuscripts. Third, it is possible that evaluating IGF-1R
inhibition in a more favorable population without initial
metastatic disease might lead to a different outcome.

In conclusion, the addition of ganitumab to interval-
compressed VDC/IE did not improve outcomes in pa-
tients with newly diagnosed metastatic Ewing sarcoma. Our
results cannot speak to other strategies that may target the
IGF-1R axis in Ewing sarcoma, such as novel-novel com-
binations targeting this pathway or agents that target IGF-1
and IGF-2 ligands. Nevertheless, the lack of benefit in the
current trial raises concerns about these other strategies in
this disease and calls for additional preclinical studies and
predictive biomarkers in this treatment-resistant disease.
This outcome is particularly sobering as a prior analysis
from the COG highlighted IGF-1Rmonoclonal antibodies as
a drug class that satisfied all criteria to advance to a
frontline randomized trial,34 suggesting that a higher level of
activity in the relapse setting may be needed before
embarking on frontline trials. These findings underscore
the urgent need for novel strategies for these patients.
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APPENDIX

TABLE A1. Sites of Metastatic Disease for 298 Eligible Patients With Metastatic Ewing Sarcoma on AEWS1221
Metastatic Pattern Standard Arm (n 5 148) Experimental Arm (n 5 150) All Patients (n 5 298)

Lung only 59 (40) 60 (40) 119 (40)

Bone only 22 (15) 16 (11) 38 (13)

Bone marrow only 6 (4) 3 (2) 9 (3)

Distant lymph node only 1 (1) 5 (3) 6 (2)

Lung 1 bone 13 (9) 17 (11) 30 (10)

Lung 1 bone 1 distant node 1 (1) 1 (1) 2 (1)

Lung 1 bone marrow 2 (1) 1 (1) 3 (1)

Bone 1 bone marrow 7 (5) 17 (11) 24 (8)

Bone 1 bone marrow 1 distant
node

4 (3) 1 (1) 5 (2)

Lung 1 bone 1 bone marrow 6 (4) 11 (7) 17 (6)

Lung 1 bone 1 bone marrow 1
distant node

1 (1) 2 (1) 3 (1)

Other sites 26 (18) 16 (11) 42 (14)

NOTE. Values represent No., (%) in each group.

TABLE A2. Number of Patients (%) According to Mode of Primary Site Local Control for Patients With Metastatic Ewing Sarcoma on AEWS1221
Primary Site Local Control Standard Arm (n 5 104) Experimental Arm (n 5 132) All Patients (n 5 236)

Definitive surgery, No. (%) 20 (19.2) 19 (14.4) 39 (16.5)

Definitive radiation, No. (%) 73 (70.2) 109 (82.6) 182 (77.1)

Surgery plus radiation, No. (%) 11 (10.6) 4 (3) 15 (6.4)
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TABLE A3. Estimated 3-Year EFS and HR With 95% CIs According to Prespecified Strata on AEWS1221
Stratum Standard Arm Experimental Arm EFS HR (experimental: standard arm)

Lung only metastasis (n 5 120) 54.2% (40.1 to 66.3) 54.7% (41.2 to 66.3) 1 (0.6 to 1.67)

Other metastatic sites (n 5 178) 26.3% (17.3 to 36.1) 28.9% (19.9 to 38.4) 0.99 (0.71 to 1.39)

Age , 21 years (n 5 253) 35.9% (27.4 to 44.4) 40.1% (31.6 to 48.5) 0.94 (0.69 to 1.27)

Age $ 21 years (n 5 45) 48% (23.4 to 69) 33% (14.9 to 52.3) 1.37 (0.64 to 2.93)

Lung only and age , 21 years
(n 5 100)

57.5% (42.2 to 70.1) 58% (43.2 to 70.2) 1.04 (0.59 to 1.84)

Lung only and age $ 21 years
(n 5 20)

31.8% (4.9 to 64.7) 40% (12.3 to 67) 0.85 (0.27 to 2.65)

Other metastasis and age , 21 years
(n 5 153)

21.9% (13.2 to 31.9) 28.6% (19 to 38.9) 0.91 (0.64 to 1.31)

Other metastasis and age $ 21 years
(n 5 25)

60% (25.3 to 82.7) 30.8% (9.5 to 55.4) 2.12 (0.73 to 6.17)

Abbreviations: EFS, event-free survival; HR, hazard ratio.

TABLE A4. Cumulative Incidence Rate at 3 Years With 95% CIs for Each Type of Failure According to Randomized Arm
Site of First Progression Standard Arm (n 5 88) Experimental Arm (n 5 92) All Patients (n 5 180)

Any first progression 58.2% (50.1 to 66.5) 56.2% (48.4 to 64.2) 57.1% (51.5 to 62.9)

Primary site failure only 13.1% (8.5 to 20) 7.4% (4.2 to 12.9) 10.1% (7.2 to 14.3)

Metastatic site failure only 41.5% (33.7 to 50.2) 48.8% (41.1 to 57.1) 45.3% (39.7 to 51.2)

Combined primary and metastatic
failure

3.6% (1.5 to 8.4) No events 1.7% (0.7 to 4.1)

TABLE A5. Ganitumab Serum Concentrations for the First 10 Patients With Metastatic Ewing Sarcoma Age , 21 Years on AEWS1221

Time Point Sample Size
Serum Ganitumab Concentration,

Median (ng/mL)
Serum Ganitumab Concentration,

Range (ng/mL)

Trough before second ganitumab
dose

10 14,650 8,040-40,200

Trough before third ganitumab dose 10 27,750 13,000-61,900

Trough before sixth ganitumab dose 10 36,100 13,200-68,700

Trough before third ganitumab
monotherapy maintenance dose

4 29,050 11,000-50,900

Trough before fourth ganitumab
monotherapy maintenance dose

5 37,400 13,600-57,200

Trough before sixth ganitumab
monotherapy maintenance dose

5 46,600 21,100-55,200
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