1duosnue Joyiny 1duosnuen Joyiny 1duasnuen Joyiny

1duasnuen Joyiny

Author manuscript
Pediatr Blood Cancer. Author manuscript; available in PMC 2015 October 19.

-, HHS Public Access
«

Published in final edited form as:
Pediatr Blood Cancer. 2013 June ; 60(6): 1009-1015. doi:10.1002/pbc.24429.

Children’s Oncology Group’s 2013 Blueprint for Research: Bone
Tumors

Richard Gorlick, MD12", Katherine Janeway, MD3, Stephen Lessnick, MD, PhD4, R. Lor
Randall, MD®T, and Neyssa Marina, MD® on behalf of the COG Bone Tumor Committee
1The Department of Pediatrics and Molecular Pharmacology, The Albert Einstein College of
Medicine of Yeshiva University, Bronx, New York

2The Division of Pediatric Hematology-Oncology, The Children’s Hospital at Montefiore, Bronx,
New York

3Department of Pediatric Hematology-Oncology, Dana-Farber/Children’s Hospital Cancer Center,
Boston, Massachusetts

4Division of Pediatric Hematology/Oncology, Department of Oncological Sciences, University of
Utah School of Medicine, Center for Children’s Cancer Research at Huntsman Cancer Institute,
Salt Lake City, Utah

50Orthopaedics Huntsman Cancer Institute & Primary Children’s Medical Center, University of
Utah, Salt Lake City, Utah

6pediatric Hematology/Oncology, Lucile Packard Children’s Hospital & Stanford University, Palo
Alto, California

Abstract

In the US, approximately 650 children are diagnosed with osteosarcoma and Ewing sarcoma (ES)
each year. Five-year survival ranges from 65% to 75% for localized disease and <30% for patients
with metastases. Recent findings include interval-compressed five drug chemotherapy improves
survival with localized ES. In osteosarcoma a large international trial investigating the addition of
ifosfamide/etoposide or interferon to standard therapy has completed accrual. For ES an ongoing
trial explores the addition of cyclophosphamide/topotecan to interval-compressed chemotherapy.
Trials planned by the Children’s Oncology Group will investigate new target(s) including IGF-1R
and mTOR in ES, and RANKL and GD2 in osteosarcoma.
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INTRODUCTION

The two most common malignant bone tumors in children and adolescents are Ewing
sarcoma (ES) and osteosarcoma (OS). Progress continues to be made in improving the
survival of patients with localized ES. Improving the outcome of patients with OS or
metastatic or recurrent disease has been more challenging. Key findings from recent clinical
trials include the recognition that interval-compressed five drug chemotherapy improves the
survival of patients presenting with localized ES. In OS an international phase 3 trial
investigating the addition of ifosfamide and etoposide or interferon to standard therapy has
recently completed accrual but the results of that study are not yet available. For ES an
ongoing Children’s Oncology Group (COG) phase 3 trial explores the addition of
cyclophosphamide/ topotecan to now standard interval-compressed five drug chemotherapy.
A major focus of clinical trials is to identify new agents with activity in ES and OS. Phase 2
trials planned for those with recurrent disease will investigate druggable target(s) of interest
including IGF-1R and mTOR in ES, and RANKL, and GD2 in OS. A major focus of
biology efforts is to identify preclinical therapeutic leads. All of these efforts will be
described in more detail in this blueprint.

STATE OF THE DISEASE—CLINICAL

Ewing Sarcoma

Overview and incidence—ES is a solid tumor of uncertain origin made up of small
round blue cells with minimal stroma and differentiation [1]. It is the second most common
tumor of bone in children, but can also exist as a soft-tissue tumor [1]. The incidence is
approximately 3 cases/million/year [2]. The tumor has a peak incidence in adolescent and
young adults, exhibiting a slight male preponderance [3]. A striking, unexplained,
epidemiologic finding is the significantly lower incidence of ES in individuals of African
descent, compared to those of European ancestry [3].

Staging/stratification—The most significant prognostic factor for patients with ES is the
presence or absence of overt metastatic disease [4]. Approximately 25% of patients have
metastatic disease upon presentation. Metastatic disease is typically found in the lungs
(60%), bone (43%), and/or bone marrow (19%) [5]. The COG recognizes two stages of ES:
localized or metastatic. Other clinical prognostic factors have been found, such as location
of tumor (pelvic tumors have a worse outcome), size of tumor (larger tumors do worse), age
of patient (with older patients having worse outcome), and histologic response after
induction chemotherapy (poorly responding tumors do worse) [6,7], but these factors have
not entered into the routine stratification of treatment for ES in COG protocols. Likewise,
potential biologic risk factors are not included in current risk-stratification and are an area of
ongoing work by the committee.

Current outcome—While overt metastatic disease is prognostic, it is clear that the vast
majority of patients (even those with localized disease) harbor micrometastatic deposits.
Hence, the treatment of ES requires multidisciplinary approaches, including control of local
disease (with surgery and/or radiation therapy), and control of micrometastatic disease (with
chemotherapy). The outcome of patients with localized ES on the most recent COG
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completed trial (AEWS0031) is 73% EFS at 5 years (using interval-compressed VDC/IE),
with a clear improvement over the 65% 5-year EFS observed with non-compressed VDC/IE
(P =0.048) [8]. In contrast, for patients with metastatic disease, 2- to 3-year EFS remains in
the 20-30% range. There has been no significant improvement in decades [4]. Patients with
recurrent disease have an EFS of less than 10% at 3 years [4].

Osteosarcoma

Overview and incidence—OS is the most common primary bone tumor. The incidence
of OS is 4.8 per million per year [9,10]. The incidence peaks in adolescence (at age 16 for
males and age 12 for females) [11,12]. While incidence rates are lower, OS also occurs in
adults with at least an additional 200 cases diagnosed per year in people 20 and older (Fig.
1) [10].

Staging/stratification—The principal prognostic factor in OS is stage with metastatic OS
having a much worse prognosis than localized. Lung alone is the most common metastatic
site (61%), followed by bone alone (15.8%), followed by lung and bone (13.9%), followed
by other sites [13]. Ability to achieve a complete resection of all bulk disease is an important
prognostic factor [14]. Consequently individuals with primary tumors in the axial skeleton
have a worse prognosis than individuals with primary tumors in appendicular skeleton [14].
Additional poor prognostic factors include older age at diagnosis. The extent of tumor
necrosis following neoadjuvant chemotherapy has been demonstrated, in many studies, to
correlate with outcome [15].

For several reasons these prognostic factors are not utilized to select or modify treatment
outside of a clinical trial. Extent of tumor necrosis and surgical remission status are not
known at presentation but rather determined after neoadjuvant therapy. Intensifying
treatment in response to poor prognostic variables has not yet been demonstrated to result in
an improved outcome.

Current outcome—The 5- and 10-year overall survival for patients with localized OS is
approximately 70% and 65% respectively [14,16,17]. Ten-year overall survival for patients
with metastatic OS is 25% [13]. Overall survival following recurrence is less than 20% [18].
Outcomes have not changed for the past 2 decades (Fig. 2) [12]. This reflects the fact that
medical therapy has remained essentially unchanged during this period with no new
therapies identified to complement the activity of standard therapy with high-dose
methotrexate, doxorubicin, and cisplatin.

STATE OF THE DISEASE—BIOLOGICAL

Molecular Targets—Ewing Sarcoma and Osteosarcoma

Ewing sarcoma—ESs are characterized by the EWS/FLI transcription factor oncoprotein
encoded by the t(11;22)(g24;912) chromosomal translocation [19]. EWS/FLI isoforms are
found in over 85% of ES cases and are required for the cancerous phenotype of ES cells.
Early work suggested that the type 1 isoform of EWS/FLI conferred a survival advantage for
patients with ES [20,21]. However, recent studies suggest that modern treatment protocols
have eliminated the prognostic advantage of the Type 1 fusion [22,23]. In addition to EWS/
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FLI, other fusions have been identified in ES, raising important questions as to whether
these are all truly ES, or some may represent a distinct biological subset [24,25]. This
finding has important implications for diagnosis and therapy.

Given its critical role, EWS/FLI would appear to be the perfect molecular target. Ongoing
work has focused on inhibiting the fusion by blocking its expression with cytarabine [26] or
mithramycin [27] or its functions with YK-4-279 [28] or trabectadin [29]. Other
investigators have focused on understanding the mechanistic basis of EWS/FLI function and
its targets [30-44]. The overarching strategy is to identify new targets that can be
functionally inhibited to block ES tumorigenesis. As an example, the importance of
epigenetic dysregulation has recently come into focus and so the potential for epigenetic
modifiers such as histone deacetylase inhibitors (e.g., vorinostat) and inhibitors of DNA
methylation (e.g., decitabine) as novel agents requires investigation [45,46].

In addition to EWS/FLLI, cooperative pathways are important for the transformed phenotype
of ES (Table I). The IGF1 pathway has been shown to be of importance but a biologic
understanding in terms of variable responses noted to IGF1R-blocking antibodies remains
lacking [47-74]. Likewise, mTOR signaling appears to be upregulated in many of these
tumors and provides another potential avenue for targeted therapeutics [75]. Subsets of ES
have inactivating mutations in the p53 and RB pathways, and validation of the prognostic
value of these alterations is being studied [48,49,76-85]. Stem-cell features also appear to be
important for ES development, and genome-wide transcriptional and copy number analyses
are striving to identify additional features relevant for the tumor’s behavior [86,87]. Finally,
biologic features continue to be investigated, such as the significance of circulating tumor
cells found in the blood or bone marrow of patients (by RT-PCR and flow cytometry) [88—
93].

Osteosarcoma—The search for OS-specific targets through the study of genetic
aberrations or gene expression studies using OS tissues has not identified common and
reproducible genetic lesions [94,95]. OS is usually characterized by extremely complex
karyotypes without consistent recurring translocations, often seen in other sarcomas. In fact,
the most consistent genetic finding, beyond dysregulation of p53 and RB, is significant
aneuploidy [96]. This has suggested the possibility of an early defect in chromosomal
stability or DNA repair/surveillance as a mechanism for the genesis of OS and the resultant
bizarre aneuploidy that is devoid of consistent genetic aberrations across patients [97-99].

In the absence of consistently defined genetic aberrations, one approach towards therapeutic
targeting may be based on common clinical features of the disease, such as its cellular
environment or its propensity to metastasize early in its natural history (Table I). The
integration of these common clinical features with biological studies that aim to uncover
novel targets or can predict specific behaviors in patients are under active study. Translation
of such data towards molecular targets should include therapeutic agents capable of
disrupting various aspects the metastatic cascade. In addition, therapeutics that specifically
or preferentially inhibits signaling pathways identified to participate in malignant osteo-
blast/mesenchymal cell invasion, migration, proliferation, and survival should be actively
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evaluated. Importantly, the feasibility, tolerability, and activity of novel therapeutics, to be
used in combination with conventional agents will be prioritized.

MAJOR RECENT FINDINGS

Ewing Sarcoma

In ES progress in improving the survival of patients presenting with localized disease has
been steadily made dating back to the demonstration that the addition of ifosfamide and
etoposide to the standard regimen of cyclophosphamide, doxorubicin and vincristine
improves patient event free and overall survival [100]. In the past 5 years a randomized
clinical trial (AEWS0031) of dose intensification via interval compression on 587 patients
presenting with localized ES was completed. This trial demonstrated that intensive timing
(cycles every 2 weeks) significantly improved the survival of these patients compared to
standard timing (every 3 weeks). Event-free survival at a median of 5 years was 65% in the
standard arm and 73% in the experimental, intensified arm, P = 0.048. The toxicity of the
regimens was similar [101]. This study has changed the standard of care for the treatment of
all patients with newly diagnosed localized disease.

Building upon the success of intensively timed, alternating, non-cross resistant
chemotherapy regimens for the treatment of localized ES, a new randomized phase 3 trial
was initiated and is ongoing. This study tests whether the addition of cyclophophosphamide,
vincristine, and topotecan to the now standard intensively timed 5-drug chemotherapy
regimen will further improve the survival of patients with localized ES. The feasibility of
maintaining intensive timing with the addition of this third chemotherapy combination was
proven in the AEWSO07P1 study. The role of high dose chemotherapy with busulphan and
melphalan and stem cell rescue is being investigated for the treatment of patients with newly
diagnosed metastatic ES in the context of an international clinical trial (EuroEwing—
AEWS0331).

A robust biology effort has been established in ES with 626 patients enrolled on the
AEWS02B1 study and 275 patients enrolled on the AEWS07B1 study. Selected successes of
this effort include an evaluation of the significance of translocation type on patient outcome
[23], a molecular profiling study identifying ES that do not over-express BMI-1 as a distinct
molecular subclass [102] as well as the development of tissue resources such as microarrays
containing tumor samples that are linked to therapeutic studies and can be used for
evaluation of prognostic factors.

The group is developing a series of studies evaluating new therapeutic approaches that
potentially can be advanced to the experimental arm of studies in newly diagnosed localized
patients. Prior studies include a study that successfully demonstrated the feasibility of
administering vinblastine and celecoxib (as anti-angiogenic backbone) combined with a
standard 5-drug regimen in newly diagnosed metastatic ES patients (AEWS02P1) [103]. A
study was performed of cytarabine in patients with recurrent or refractory ES (AEWS0621)
which unfortunately did not demonstrate major clinical activity [104]. Finally a study was
performed testing bevacizumab combined with chemotherapy in patients with recurrent
disease (AEWS0521) which demonstrated the feasibility of administering that therapy.
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Osteosarcoma

A large collaborative international localized OS trial (Eura-mos—AQOST0331) in
conjunction with three other cooperative groups [Cooperative Osteosarcoma Study Group
(COSS), European Osteosarcoma Intergroup (EOI), and Scandinavia Sarcoma Group (SSG)]
has been completed. This study randomized the addition of interferon to standard
chemotherapy in patients with a favorable histological response to neoadjuvant
chemotherapy and randomized the addition of ifosfamide and etoposide to standard
chemotherapy in the patients with an inferior histological response. This studies
development included significant efforts addressing regulatory concerns in multiple
countries [105]. As of June 2011, 2,260 patients were enrolled with the study at present
having completed all planned accrual. The study includes correlative studies related to
quality of life and tumor biology.

A biology effort has been established with an ongoing banking study AOST06B1. On the
P9851 biology study, 1,105 eligible patients were enrolled and 490 patients were enrolled on
the AOSTO06B1 study collecting/banking specimens on 1,595 patients. These specimens
have been used as part of the NCI TARGET initiative and a NCl-led genome wide
association study with early results published [106]. Analyses that are in process include
gene expression studies that have been completed and are currently undergoing
bioinformatic analyses, multi-platform analysis of tumor and germline nucleic acids,
including CGH array, RNAseq, high-density sequencing, and a genome wide association
study of germline DNA.

A series of feasibility studies have been performed evaluating new therapeutic approaches
that potentially can be advanced to the experimental arm of studies in newly diagnosed
localized patients. A phase 2 study has been performed evaluating the addition of
zoledronate to standard chemotherapy for the treatment of patients with newly diagnosed
metastatic OS (AOST06P1) demonstrating that this therapy has an acceptable toxicity
profile. Similarly a phase 2 trial of trastuzumab in addition to standard chemotherapy for
patients whose tumors express Her-2-neu (AOST0121) has demonstrated that this therapy is
tolerable [107]. A phase 2 study of aerosolized GM-CSF for patients with lung metastases
(AOSTO0221) similarly defined the feasibility of this treatment [108].

STRATEGIC APPROACH: TARGETED THERAPY

Ewing Sarcoma

Newly diagnosed population: More effective therapies applied to newly diagnosed patients
with ES represent the best opportunity for improving survival. Approaches that are and can
be tested include incorporating agents with a novel mechanism of action (either targeted or
novel cytotoxic agents) to existing standard therapy. Based in large part on the improvement
in survival achieved through intensive chemotherapy timing (AEWS0031), the current
AEWS1031 study is testing in a randomized phase 3 trial the further intensification of
therapy through the addition of cyclophosphamide, vincristine and topotecan to intensively
timed 5-drug chemotherapy. If benefit is achieved through this addition, possibilities for
further therapy intensification would include addition of a fourth regimen; temozolomide,
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vincristine, and irinotecan with or without novel agents, that will be initially assessed for
safety and efficacy in patients with recurrent disease. The AEWS0331 study as well as the
EURAMOS study have demonstrated the feasibility of performing international trials in rare
tumors when necessary to achieve adequate patient accrual for a clinical trial addressing a
meaningful question [105].

Metastatic ES—The poor prognosis of patients with newly diagnosed metastatic ES
supports the utilization of novel agents in this population and these data can provide
feasibility data for potential experimental arms of subsequent phase 3 randomized trials in
the localized population. A study in development (AEWS1221) is assessing the feasibility of
adding AMG479, an IGF-1R antibody, to intensively timed 5-drug chemotherapy in patients
with newly diagnosed metastatic ES. Further investigations of IGF-1R antibody are
supported by promising data obtained from several studies [50,52,53,74,109,110]. These
clinical investigations in turn have been supported by promising pre-clinical data from the
Pediatric Preclinical Testing Program (PPTP) among others [47,56,57]. This study is being
planned as a randomized phase 2 trial to both obtain a preliminary estimate of the efficacy of
the regimen as well as to obtain further data on the feasibility of intensively timed 5-drug
chemotherapy in this patient population. This study will also define the feasibility of treating
all bone metastases with stereotactic body radiotherapy (SBRT) as well as the feasibility of a
6-month maintenance phase with IGF-1R monoclonal antibody monotherapy. The trial also
includes a series of critical biology studies to understand better heterogeneous response to
this class of agents. At the completion of the ongoing phase 3 randomized trial (AEWS1031)
in newly diagnosed ES patients, the subsequent study will be defined by the combined
outcomes of the AEWS0331 which is being performed internationally, AEWS1221 and
those performed in patients with recurrent disease.

Relapsed disease—Patients with relapsed disease have a poor prognosis and are in clear
need of new treatments. Considerable data exist that temozolomide, vincristine, and
irinotecan (VIT) has activity in the treatment of ES [111-113]. As this regimen is not
utilized in the upfront treatment study VIT is a reasonable backbone on which to add novel
agents both to treat these patients as well as to develop a chemotherapy combination that can
be applied to the treatment of newly diagnosed patients. The concept that is being developed
is a phase 2 randomized selection design comparing VIT and a rapamycin analogue with
VIT and vorinostat and potentially VIT and a PARP inhibitor. The more active combination
would undergo additional studies to define its feasibility with standard chemotherapy and
assess its level of activity.

Trial design strategies—With localized disease in newly diagnosed patients the focus
has been randomized phase 3 studies to improve and define standard front-line therapy
(AEWSO0331 previously and AEWS1031 currently). Other goals have been incorporated into
each of these studies to address biological, quality of life, local control, and diagnostic
radiology objectives. Studies in patients with relapsed disease have been performed to
identify the initial feasibility and efficacy of novel agents and combination chemotherapy
regimens (previously AEWS0521 testing bevacizumab, AEWS0621 testing cytarabine).
These studies have generally been performed or will be performed as phase 2 or randomized
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phase 2 studies. Studies in patients with newly diagnosed meta-static ES have been
performed as phase 3, phase 2 randomized or phase 2 studies defining the feasibility of
combining novel agents with standard therapy and to a variable extent defining the activity
of the regimen. A previous example was the AEWS02P1 study testing the addition of an
anti-angiogenic regimen to standard chemotherapy. The AEWS1221 study is a randomized
phase 2 study in newly diagnosed metastatic ES patients testing AMG479.

Osteosarcoma

Newly diagnhosed disease. Localized osteosarcoma—While awaiting the
AOSTO0331 results, studies will be performed to continue to investigate the impact of the
addition of targeted agents to standard OS chemotherapy in patients with localized OS. The
challenge is in identifying agents with preclinical and clinical data suggesting activity. The
completed COG phase I studies including OS patients are ADVL0122 (imatinib),
ADVL0421 (oxaliplatin), ADVL0524 (ixabepilone), and ADVL0525 (peme-trexed). In each
study, there was no evidence of drug activity in OS. OS patients are also included in the
phase 11 studies of IMC-A12 and MLN8237. If active novel agents are not identified in
patients with relapsed OS, a randomized phase 3 trial in localized disease will likely not be
performed until such agents are identified through a more robust phase 2 effort.

Metastatic osteosarcoma—In a prior phase 3 trial with a 2 x 2 factorial design
(INT-0133), the BTC studied whether the addition of liposome encapsulated muramyl
tripeptide phosphatidyletha-nolamine (L-MTP-PE, mifamurtide) to standard chemotherapy
improved outcome in patients with newly diagnosed OS. Because of the study design,
interpretation of the study results has been controversial [16,114]. The variability in
interpretation of the study data and the non-uniformity of regulatory decisions has made the
question regarding utility of L-MTP-PE in OS a high priority question. Patients with
metastatic OS were included in INT-0133 but the study was not powered to evaluate the
impact of L-MTP-PE on outcome in patients with metastatic disease. When the INT-0133
data are analyzed in patients with metastatic disease those who received L-MTP-PE have a
higher EFS by approximately 8%, though this difference does not achieve statistical
significance [115]. A consideration is performing another phase 3 trial in this patient
population, powered sufficiently, to determine if this result can be replicated.

Relapsed population—Studies in the relapsed population will be directed at evaluating
new agents for potential clinical activity. The two agents of greatest interest are RANKL
antibody (Denosumab), and anti-GD2 antibody. RANKL and is receptor RANK, are
members of the TNF family of with the physiologic function of regulating bone turnover.
OS expresses both RANK and RANKL and RANK-RANKL interaction activates
downstream signaling and modulates gene expression [116,117]. In several studies
interfering with RANK-RANKL interaction in vivo decreases OS growth and metastatic
tumor burden [118- 123]. GD2 is a cell surface sialic acid containing glycosphingolipid
expressed normally in CNS, peripheral nerves and melanocytes. In neuroblastoma anti-GD2
antibody significantly improves event free and overall survival [124]. Over 90% of OS
express GD2 [125]. In the phase I/Ib trial of the murine anti-GD2 antibody, 14.2G2a, plus
IL-2, which predominantly focused on neuroblastoma one of two patients with OS treated
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on the study had a complete response persisting for 8 months [125,126]. Objective
radiographic responses are rare in OS even with proven neoadjuvant chemotherapy in newly
diagnosed patients. This is possibly due to the nature of the stromal tissue that contains
calcified bone matrix. In these phase 11 trials to be initiated, end points more appropriate for
OS such as progression free survival will be utilized rather than radiographic response rate.
Patients with OS will be included in planned phase I trials of the pan-tyrosine kinase
inhibitor, pazopanib and the combination of an IGF1R antibody, IMC-A12 and an mTOR
inhibitor, Temsirolimus.

Trial design strategies—The trial designs that should be utilized should be tailored to
the patient population and the extent of existing preclinical and clinical data. A randomized
phase 11 trial design with EFS as an endpoint is a desirable design for the study of new
agents in the recurrent patient population given the challenges in utilizing response rate as
an endpoint. A randomized phase Il trial with an EFS endpoint in the recurrent patient
population will require approximately 120 patients. In order to justify a study of this size, it
is necessary to have some evidence of clinical efficacy. This would suggest that for the
evaluation of denosumab and GD2 antibody in the patient population with recurrent OS, a
single arm phase 11 trial would be most appropriate as an initial study. A definitive
randomized phase 111 trial design is being considered in patients with newly diagnosed
metastatic OS, exploring the utility of L-MTP-PE. This choice of design is based both on the
extent of pre-existing data and on the regulatory status of L-MTP-PE. In order for a phase 111
study of L-MTP-PE to be feasible, international collaboration will be required.

KEY TRIALS TO BE PURSUED

Ewing Sarcoma

Pivotal phase 3 trials—During much of the next 5 years the AEWS1031 study will be
conducted, building upon prior successes in sarcomas. This study has the potential to
improve survival of patients and thereby change the standard of care treatment of these
patients.

Randomized phase 2 studies—AEWS1221 is a key trial intended to define the
feasibility of adding AMGA479 to intensively timed 5-drug chemotherapy and obtain a
preliminary estimate of the efficacy of that regimen. This study builds on preclinical and
clinical data that IGF-1R antibody has activity in the treatment of ES. This study will
potentially provide the next experimental arm of a phase 3 trial in patients with newly
diagnosed ES. The concept that is being developed for relapse is a phase 2 randomized
selection design comparing VIT and a rapamycin analogue with VIT and vorinostat and
potentially VIT and a PARP inhibitor. The more active combination would undergo
additional studies to define its feasibility with standard chemotherapy and assess its level of
activity.

Prioritization strategy—At present, clinical trials for patients with ES have been
developed in a non-competing manner within the COG and indeed coordination has
occurred internationally to minimize competition and redundancy. Our strategy for moving
new agents forward has been to have safety defined by feasibility in phase 1 trials, efficacy
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in the patient population defined in phase 2 and randomized phase 2 trials in the ES patient
population, feasibility in combination with chemotherapy defined in newly diagnosed
patients with metastatic ES and ultimately its role in standard of care therapy defined by
randomized phase 3 trials in patients with localized disease. If promising data are obtained
from the AEWS1221 study it is likely that pursuing a randomized phase 3 trial with the
experimental arm testing the efficacy of adding IGF-1R antibody to standard therapy in
patients with localized ES would be of interest. If the data are not promising we would
anticipate additional studies with the most promising VIT and new agent combination.
Agents moved forward into clinical testing are largely based on the biology of the tumor
particularly targets driven by the translocation and evidence of preclinical activity. It is
critical that biological, radiographic, surgical, and quality of life questions are incorporated
as secondary objectives when appropriate.

Osteosarcoma

Pivotal phase 3 trials—The feasibility of conducting a phase 111 trial evaluating MTP-PE
in metastatic OS will be explored. In the trial design currently being considered for this
study, the primary objective is to compare EFS in patients with newly diagnosed metastatic
OS treated with standard chemotherapy with and without L-MTP-PE. To be feasible this
trial will require international collaboration in order to enroll a sufficient number of patients,
along with a commitment from the biopharmaceutical company sponsor.

Randomized phase 2 studies—The BTC aims to pursue randomized phase Il trials in
the recurrent OS patient population. However, a single arm phase 11 trial design is preferable
for the agents currently of interest for study in this patient population, anti-GD2 antibody
and RANKL antibody, denosumab. A number of unique factors should be taken into account
with the single arm phase 11 trial design. Issues being addressed in the study design include:
(i) recognition that many patients with recurrent OS will undergo complete resection of all
measurable and evaluable disease prior to enrolling on a trial of systemic therapy; (ii) the
possibility for differing extent of drug activity in microscopic versus gross residual disease
states; and (iii) significant differences in EFS in patients with resectable versus unresectable
disease. The primary endpoint for these single arm phase Il trials will be EFS. If these single
arm phase Il trials demonstrate activity, a randomized phase Il trial, combining the agent
demonstrating activity with cytotoxic chemotherapy will be pursued.

Prioritization strategy—The primary focus in OS is on identifying new agents with
activity in this disease via (i) supporting biologic investigation and (ii) phase Il trials of new
agents with novel approaches for detecting agent activity. The first priority for improving
the treatment of patients with OS is identifying additional agents with clinical activity
through performing single arm phase 11 studies in patients with recurrent OS. Concurrently,
the feasibility of a phase 111 trial of L-MTP-PE in patients with metastatic OS will be
pursued. There will be a continued focus on supporting biologic investigation through
enrollments on the biology protocol and provision of outcome data for the TARGET
initiative.
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Fig. 1.
Age distribution of osteosarcoma based on cases in the United States between 1975 and

1999 from SEER [2].
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Fig. 2.
Five-year overall survival in patients age 0-24 years over three decades 1973-2003 [12].
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TABLE 1

Pathways That Can Be Therapeutically Targeted in Ewing Sarcoma and Osteosarcoma

Molecular Example of
target inhibitory drug
Global metastases processes
Apoptosis/Anoikis AKT MK-2206
mTOR Temsirolimus
Angiogenesis VEGF Bevacizumab
VEGFR Sorafenib
Preferential OS processes
Invasion c-SRC Saracatinib
Migration HGF/c-MET PF-02341066
Proliferation/survival IGF-1R Cixutumumab
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