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A B S T R A C T

Purpose
The type 1 insulin-like growth factor 1 receptor (IGF-1R) has been implicated in the pathogenesis
of the Ewing sarcoma family of tumors (ESFT). We conducted a multicenter phase II study of
the fully human IGF-1R monoclonal antibody R1507 in patients with recurrent or refrac-
tory ESFT.

Patients and Methods
Patients � 2 years of age with refractory or recurrent ESFT received R1507 at doses of 9 mg/kg
intravenously one a week or 27 mg/kg intravenously every three weeks. Response was measured
by using WHO criteria. Tumor imaging was performed every 6 weeks for 24 weeks and then every
12 weeks.

Results
From December 2007 through April 2010, 115 eligible patients from 31 different institutions
were enrolled. The median age was 25 years (range, 8 to 78 years). The location of the primary
tumor was bone in 57% of patients and extraskeletal in 43% of patients. A total of 109 patients
were treated with R1507 9 mg/kg/wk, and six patients were treated with 27 mg/kg/3 wk. The
overall complete response/partial response rate was 10% (95% CI, 4.9% to 16.5%). The
median duration of response was 29 weeks (range, 12 to 94 weeks), and the median overall
survival was 7.6 months (95% CI, 6 to 9.7 months). Ten of 11 responses were observed in
patients who presented with primary bone tumors (P � .016). The most common adverse
events of grades 3 to 4 were pain (15%), anemia (8%), thrombocytopenia (7%), and
asthenia (5%).

Conclusion
R1507 was a well-tolerated agent that had meaningful and durable benefit in a subgroup of
patients with ESFT. The identification of markers that are predictive of a benefit is necessary to
fully capitalize on this approach.

J Clin Oncol 29:4541-4547. © 2011 by American Society of Clinical Oncology

INTRODUCTION

The Ewing sarcoma family of tumors (ESFT) com-

prise a group of malignancies that can arise in bone

or soft tissue and are characterized molecularly by

rearrangements of the EWS gene.1 Nearly 70% of

patients with localized ESFT are cured of the disease

when treated with combined-modality therapy that

includes multiagent chemotherapy and local control

measures such as radiotherapy, surgery, or both.2,3

However, approximately 20% of patients with ESFT

present with metastatic disease, and less than 30% of

patients are expected to be long-term survivors.1

Importantly, one half of long-term survivors experi-

ence long-term treatment related disabilities, which

make less toxic effective therapies desirable.4

The type I insulin-like growth factor 1 receptor

(IGF-1R) is a tyrosine kinase receptor that activates

both mitogenic and antiapoptotic pathways after

binding with one of its ligands, insulin-like growth
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factor 1 (IGF-1) or IGF-2.5 Most Ewing tumor cells have been noted to

express increased levels of the IGF-1R or IGF-2 ligand.6 Although no

mutations in either IGF ligands or the IGF-1R have been identified in

ESFT, epigenetic alterations have been reported, and the loss of im-

printing of IGF-2 has been commonly found.7 A specific blockade of

the IGF-1R has been shown to inhibit ESFT xenograft tumor growth,

including complete and persistent tumor regression in some xeno-

grafts, and enhance the activity of chemotherapy in other models.8,9

Thus, the involvement of the IGF pathway in the biology of ESFT

makes it an attractive target. R1507 (F. Hoffman–La Roche, Basel,

Switzerland), is a fully human IgG1 type monoclonal antibody that is

directed against the human IGF-1R.

Responses to IGF-1R antibody were seen on phase I studies of

AMG 479 (Amgen, Thousand Oaks, CA),10 figitumumab (Pfizer,

New London, CT),11 and R1507.10,12 The initial clinical benefit cou-

pled with the preclinical promise of this signaling pathway led to the

joint collaborative program between the Sarcoma Alliance for Re-

search through Collaboration (SARC) and Roche (Nutley, NJ) for the

development of R1507 in patients with recurrent sarcoma including

ESFT.13-15 This article describes the outcomes of patients with ESFT

treated with R1507 in this study.

PATIENTS AND METHODS

Eligibility criteria included a centrally reviewed pathology, age � 2 years, life
expectancy of � 6 weeks, Karnofsky/Lansky performance status � 70%,
bidimensionally measurable disease by computed tomography or magnetic
resonance imaging, signed informed consent, adequate bone marrow, liver,
and renal function. A molecular confirmation of ESFT diagnosis was not
required for eligibility.

Patients with CNS disease must have been off glucocorticoids for � 4
weeks without neurologic deficit. Patients must have completed previous
surgery and systemic or radiation therapy � 3 weeks before enrollment.
Patients treated with brain irradiation must have must have completed ther-
apy � 6 weeks before enrollment. Contraception was required in appropriate
patients. Exclusion criteria were as follows: significant unrelated systemic
illness, poorly controlled diabetes, known hypersensitivity to R1507 or its
components, treatment within 2 weeks of study entry with pharmacologic
doses of corticosteroids or other immunosuppressive agents, previous therapy
with IGF-1R inhibitors, history of solid organ transplantation or other malig-
nancy within 5 years, and patients who were pregnant or breastfeeding.

Patients with ESFT were eligible for participation in one of two cohorts
on the basis of the number of previous therapies. Patients in cohort 1 received
two or more previous chemotherapy regimens and had ESFT that relapsed less
than 24 months from diagnosis. Patients in cohort 2 only received one
previous chemotherapy regimen or relapsed greater than 24 months
from diagnosis.

On the basis of new pharmacokinetic data, with institutional review
board/ethics approval, a third group was added to evaluate the efficacy and
safety of a different dosing schedule. These patients could have had any num-
ber of previous therapies or recurred at any time point, but the age must have
been � 2 years and less than 21 years to enrich the evaluation in the pediat-
ric population.

Drug administration. R1507 was administered intravenously at a dose
of 9 mg/kg in 100 mL of normal saline once a week. The third group received
a dosing of R1507 27 mg/kg intravenously every 3 weeks. The initial treatment
was administered over 90 minutes. In the absence of adverse reactions, subse-
quent doses of R1507 were administered over 60 minutes.

Laboratory and imaging studies included a baseline physical exam, CBC,
chemistries, pregnancy test, ECG, antihuman antibodies, and tumor imaging.
Total IGF-1 serum levels were measured by using an enzyme-linked immu-
nosorbent assay at baseline and week 6. PET scans were performed at baseline
and were repeated at day 9 and week 18 for responding patients. All imaging
was centrally reviewed. Positron emission tomography scan data and extensive
pharmacokinetic/pharmacodynamic studies will be reported in subsequent

Enrollment

Eligibility

R1507 treatment

Status

Patients with recurrent/refractory ESFT
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Fig 1. CONSORT diagram of patients

registered in the study. ESFT, Ewing sar-

coma family of tumors.
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publications. CBC and chemistries were performed once a week for 6 weeks
and then every 3 weeks. Tumor imaging was performed every 6 weeks for 24
weeks and then every 12 weeks.

Response to therapy was evaluated by using the WHO criteria. Patients
with unconfirmed responses (observed at a single time point without subse-
quent confirmatory imaging) were not included in the objective response rate.

Off-study criteria included progressive disease, illness that prevented
further therapy, unacceptable adverse events, patient withdrawal from the
study, greater than 2 weeks that elapsed since the administration of R1507, or
missing two or more consecutive doses, death, lost to follow-up, or investiga-
tor judgment.

Statistical methods. ESFT patients were assigned to one of two treatment
cohorts. A two-stage design was used in each cohort on the basis of the
approach of Green and Dahlberg.16 For cohort 1 the primary end point was
progression-free survival (PFS) at 18 weeks from the start of treatment. The
planned sample size was 65 patients to allow for 92% power to detect the
difference in PFS at 18 weeks between a null hypothesis of 10% versus an
alternative of 25% by using a one-sided 2.6%-level test. An interim analysis
after 20 patients was planned, with early stopping for negative results if none of
the first 20 patients were progression free at 18 weeks. For cohort 2, the primary
end point was the response rate by using WHO criteria. A maximum of 35
patients was planned, with early stopping for negative results if there were no
responders in the first 20 patients. With this design, the power to detect the
difference between a null hypothesis of a 10% response rate and an alternative
of 30% was 87% with a one-sided 2%-level test.

Additional pharmacokinetic data were made available after the initiation
of the study, and the 27-mg/kg dose of R1507 was considered potentially more
favorable. Thus, the protocol was amended to enroll 30 patients age less than
21 years at the every 3-week schedule with a planned safety assessment after the
enrollment of six patients. This exploratory cohort was felt to be sufficient to
gain adequate toxicity data to allow for the use of this dose and schedule for
future planned phase II and III trials at the time.

Overall survival (OS) was measured from the time of study registration
to the date of death or was censored at the date of last contact. PFS was
measured from the time of study registration to disease progression or death or
was censored at the date of last contact. OS and PFS curves were estimated by
the method of Kaplan and Meier.17 Demographic and pharmacodynamic
variables were related in multivariate regression analyses to response via logis-
tic regression and to OS by using Cox regression.18 All data were analyzed by
using the intent-to-treat principle.

RESULTS

From December 18, 2007 through April 7, 2010, 132 patients were

enrolled from 31 different institutions in North America, Europe, and

Australia. Seventeen patients (13%) were not eligible as described in

Figure 1. The median age at the time of enrollment was 25 years

(range, 8 to 78 years). Twenty-three patients (20%) were less than 18

years of age, 54 patients (47%) were between 18 and 30 years of age,

and 38 patients (33%) were � 31 years of age. The primary tumor at

the time of initial diagnosis in 57% of patients was skeletal, whereas

43% of patients had soft tissue/extraskeletal primary. The median

number of previous systemic therapies in patients in cohort 1 was two

regimens. The characteristics of patients are depicted in Table 1.

For cohort 1 (patients with ESFT with � two previous treat-

ments) and cohort 2 (patients with ESFT with one previous treatment

regimen), the PFS at 18 weeks was 11% and 10%, and the overall

response rate was 9% (no complete response [CR]; six partial response

[PRs]) and 9% (one CR; three PRs), respectively (Table 2). Both

cohorts were expanded to the second stage on the basis of the interim

analysis. For the third group, the overall response rate was 17% (no

CR; one PR). After trial inception, it was recognized that there was no

distinction for these cohorts in relation to outcome for this study, and

thus, additional outcome data in this article was combined for cohorts

1 and 2 as well as for patients treated with the amended dose of 27

mg/kg/3 wk.

For all patients, the overall response rate was 10% (95% CI, 4.9%

to 16.5%; one CR, 10 PRs; Table 2). The median duration of response

was 29 weeks (range, 12 to 94 weeks; Appendix Fig A1, online only). In

addition, eight patients had an unconfirmed PR that was characterized

by a transient decrease in tumor size of � 50% that was not confirmed

by repeat imaging. Eighteen patients had stable disease that lasted

from 5.6 to 30.1 weeks (median, 11.4 weeks). Several responses were

quite dramatic as shown in Figure 4.

A waterfall plot of the best responses as the percentage decrease in

tumor size by using WHO criteria of target lesions is depicted in

Table 1. Clinical Characteristics of 115 Eligible Patients With
Recurrent ESFT

Characteristic

Overall
(N � 115)

No. of
Patients %

Age at study entry, years

Median 25

Minimum-maximum 8-78

Age at diagnosis, years

Median 21.9

Minimum-maximum 1-77

Age � 18 years 86 75

Sex

M 75 65

F 40 35

Race

White 86 75

Asian 7 6

Other 4 3

Not provided� 18 16

Karnofsky/Lansky PS†

70 25 22

80 31 27

90 40 35

100 18 16

Primary tumor location

Bone 65 57

Soft tissue/extraskeletal 50 43

Time from initial diagnosis to first recurrence,
months

Median 16.7

Minimum-maximum 1.2-175.6

Time from diagnosis to protocol enrollment, months

Median 26.5

Minimum-maximum 4.9-176.4

Sites of metastatic disease at time of enrollment

Lung 40 35

Bone 16 14

Visceral, other 3 3

Soft tissue 20 17

Multisystem 36 31

Abbreviations: ESFT, Ewing sarcoma family of tumors; PS, performance
score.

�Race was not provided at all sites.
†Not reported for one patient.

SARC Study of IGF-1R Antibody in Ewing Sarcoma
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Figure 2. The median duration of treatment was 6 weeks (range, 1

to 65 weeks).

The median OS was 7.6 months (95% CI, 6 to 9.7 months; Fig 3).

An analysis of factors predictive of response to R1507 identified that

patients who initially presented with bone primaries were more likely

to respond to antibody therapy compared with patients who had

extraskeletal primary sites (10 of 11 responders had primary in bone;

Fisher’s exact test P � .016). Site of the tumor (axial v appendicular

skeleton) and age did not predict for response.

Adverse events that occurred at a frequency greater than 5% are

depicted in Table 3. Grades 3 and 4 toxicities included pain (15%),

anemia (8%), thrombocytopenia (7%), and fatigue (5%). Cardiac

toxicities were not observed clinically, although specific cardiac imag-

ing was only performed in patients who received the dosing schedule

of 27 mg/kg/3 wk . Three patients had grade 3 or 4 hyperglycemia.

Of the patients with grade 4 hyperglycemia (glucose � 500 mg/dL),

one patient had type 1 diabetes mellitus and hyperglycemia, which

was attributed to treatment, and the hyperglycemia of the other

patient was attributed to the use of corticosteroids and not to the

study treatment.

Multivariate Cox regression analyses of the relationship of demo-

graphic and pharmacodynamic variables to OS revealed four factors

that were predictive of survival (Appendix Table A1, online only). The

evaluation of factors included only patients who contributed serum

samples for IGF-1 measurement and, thus, was limited to 80 patients.

The primary site in bone (v extraskeletal), Karnofsky/Lansky perfor-

mance status � 90%, and total IGF-1 � 110 ng/mL were all associated

Table 2. Outcomes of Patients by Treatment Dose and Cohort

Treatment Group

Response

(WHO criteria)

PFS Rate

PFS (months) OS (months)PR CR

Overall

CR � PR 18 Weeks 6 Months 1 Year

No. % No. % No. % % 95% CI % 95% CI % 95% CI Median 95% CI Median 95% CI

Patients treated with R1507 9 mg/kg/wk 6 9 0 6 9 11 3.7 to 17.8 9 2.8 to 15.7 2 0 to 4.5 1.3 1.2 to 1.4 6.8 4.7 to 8.6

ESFT cohort 1, n � 65

Patients treated with R1507 9 mg/kg/wk 3 7 1 2.3 4 9 10 1.7 to 17.3 7 0.7 to 13.6 5 0.2 to 9.4 1.4 1.2 to 1.7 9.7 6.3 to 12.5

ESFT cohort 2, n � 44

Patients treated with R1507 27 mg/kg/3 wk, n � 6 1 17 0 1 17 17 0 to 46.5 17 0 to 46.5 17 0 to 46.5 1.9 1.3 to 1.9 Not reached

All patients 10 8.7 1 1 11 10 11 5.2 to 16.1 9 3.9 to 13.8 3 0.4 to 9 1.3 1.2 to 1.4 7.6 6 to 9.7

Abbreviations: CR, complete response; ESFT, Ewing sarcoma family of tumors; OS, overall survival; PFS, progression-free survival; PR, partial response.
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Fig 2. Waterfall plot of best change in target-lesion size from baseline. The best

change in total lesion size of seven patients from baseline showed an overall

decrease in total lesion size but were identified as partial disease (PD) for the

following reasons: three patients had new lesions present at week 6, three

patients had a target-lesion growth � 25% at week 6, and one patient, despite

showing an overall increase in total lesion size at weeks 6 to 18, continued on

treatment and resolved to have no lesions present by week 36. CR, complete

response; PR, partial response; SD, stable disease.
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with better survival. In addition, among patients with IGF-1 samples

available at week 6 of the study, total IGF-1 � 110 ng/mL at week 6 and

a higher percentage increase in total IGF-1 from baseline to week 6

both predicted for survival. Other variables that were considered but

not retained in multivariate analyses included age, sex, time from

diagnosis to first recurrence, and presence of metastatic disease at

study entry. None of these variables were significantly correlated with

response as assessed via logistic regression.

DISCUSSION

In this study, we demonstrated that R1507 has modest but meaningful

activity and was well tolerated in patients with recurrent or refractory

ESFT. In our series, 10% of patients with recurrent or refractory ESFT

had clinical responses that lasted for a median duration of greater than

6 months. Our results expanded on results of previous phase I

studies of R1507, figitumumab, and AMG 479 and suggested that

approximately 10% of patients with refractory ESFT benefited

from this therapy.10,12

Although IGF-1R seems to be widely expressed in various sarco-

mas including ESFT,5,14 only a minority of our patients experienced

clinically significant responses to R1507. One report suggested that,

the level of expression of IGF-1R varied broadly in rhabdomyosar-

coma cell lines, and cells with low levels of IGF-1R expression were

unlikely to respond to an IGF-1R blockade.19 Intuitively, if a cancer

cell does not have a receptor, it is unlikely to be affected by any

interference with that receptor. Furthermore, in a report of breast

cancer cell lines, IGF-1R expression and the number of IGF-1 recep-

tors per cell predicted responses in vitro.20 Other factors implicated in

resistance to anti–IGF-1R therapy include the overexpression of IGF

binding proteins 5 and 6 in breast cancer, IGF binding proteins 3 and

6 in sarcomas, and insulin receptor signaling.21 These observations

emphasized the need to develop more reliable biomarkers of response

for appropriate patient selection. We are currently completing RNA-

expression profiling in a subset of responding and nonresponding

patients and will use these samples to perform array comparative

genomic hybridization to correlate any expression changes with po-

tential copy-number alterations at the DNA level. Global methylation

patterns will also be compared.

Our study also demonstrated that patients who had tumor

shrinkage could be categorized into two groups as follows: patients

who had lasting objective responses (10% of patients; median, 29

weeks) and patients who had tumor reduction that was short-lived

(7% of patients). Reasons for these differences are not well under-

stood. Patients who had a long-lasting response and later developed

disease progression likely developed drug resistance, perhaps as a

result of a variety of factors including the upregulation of alternative

signaling pathways and the reactivation of AKT.19,22 Conceivably,

patients who had short-lived responses may not have received a suffi-

cient dose and/or developed drug resistance more rapidly.

The drug dosing in this study deserves mention. The majority of

patients on this study received R1507 9 mg/kg/wk. This was based on

phase I studies that demonstrated that, in lung cancer, doses of R1507

3 or 9 mg/kg/wk could achieve a median half-life of 8 to 190 days and

trough concentrations that exceeded 0.02 mg/mL, which was expected

to saturate greater than 90% of receptors. The study moved forward

on the basis of this initial data as well as responses seen in the phase I

study. Ongoing pharmacokinetic studies performed by Roche during

trial enrollment by using Ewing xenograft tumors indicated that

higher serum peak levels were more important than the area under the

curve when antibody doses were suboptimal. With insufficient dosing,

the increase of IGF serum concentration on treatment as well as the

concentration of autocrine IGF in the tumor may also determine the

time point at which the antibody dose is too low to completely block

binding of the ligand to the receptor. Preclinical ESFT xenograft mod-

els that used different treatment schedules demonstrated that a dosage

BA

DC

Fig 4. Partial responses in patients with

Ewing sarcoma family of tumors (ESFT).

(A-B) A 17-year-old man with multiple re-

current EFST at (A) baseline and (B) after 6

weeks of treatment with R1507. (C-D) A

29-year-old woman with metastatic ESFT at

(C) baseline and (D) after 12 weeks of treat-

ment with R1507. Arrows indicate tumor.

SARC Study of IGF-1R Antibody in Ewing Sarcoma
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of R1507 every third week was more efficacious than the same dose

divided once a week (see Appendix Fig A2A, online only). The analysis

of drug serum levels revealed that the goal trough level of 0.02 mg/mL

was insufficient for maximum tumor response and that only higher

peak levels in the three weekly dosing schedules could compensate for

this (Appendix Fig A2B, online only).

Given these finding, if we had been able to complete accrual to the

dosing schedule of 27 mg/kg/3 wk, perhaps we may have been able to

observe improved patient outcomes at this dose. For business reasons,

Roche decided to halt the development of R1507 and consequently

terminated accrual to the ongoing study, which prevented additional

exploration of this dosing schedule.

The design of this study was a collaborative effort between SARC

and Roche, and ESFT patients were divided into two distinct cohorts

on the basis of the number of previous therapies and time of relapse.

Initially, it was believed that the natural history and response to treat-

ment may have been unique to each cohort. Although the statistical

plan was based on these distinctions, on final analysis, it was discov-

ered that there was no significant difference in outcomes of either

of these groups of patients. Thus, the majority of results were

presented in this study as a combined aggregate of these patients.

We now recognize that the number of previous therapies did not

predict a response or lack of response to the targeted drug therapy

in this population.

There were characteristics of the population treated in this study

that deserve mention. For example, the median age at time of diagno-

sis was 21 years with only 20% of patients younger than 18 years of age

at study entry and 43% of patients with soft tissue/extraskeletal prima-

ries at diagnosis. In contrast, in studies of newly diagnosed patients

with ESFT performed by the Children’s Oncology Group, approxi-

mately 20% of patients had soft tissue primaries, and the median age at

diagnosis was 12 years. This study reported an older population than

usually reported on by pediatric groups. The presence of a soft-tissue

primary tumor was associated with increased age at diagnosis. On

multivariate analysis, the location of the primary tumor within the

bone was predictive of both response and OS. Traditionally, skeletal

ESFT and extraskeletal ESFT have been grouped together because of

histology and fusion gene similarities, and no therapy has been shown

to work in one subset versus another. Now, we recognize that there

may be a therapy that indeed is preferential to ESFT of bony origin. Of

note, although younger patients are more likely to have a primary

tumor site that originates in bone, on multivariate analysis, age did not

predict for response or survival.

In summary, R1507 had modest clinical activity in unselected

patients with recurrent ESFT. Although the response rates observed in

our study with single agent R1507 were similar to those reported with

other single-agent monoclonal antibodies, such as the initial phase II

report of trastuzumab for breast cancer, we have yet to identify the

population who could potentially benefit from this class of drugs.23 If

a predictive marker can be identified for this pathway, there can be a

significant positive clinical impact on a subset of patients with ESFT

treated with IGF-1R–targeted therapy. If we can increase this subset of

patients by using optimal drug dosing and understanding, and per-

haps even preventing, resistance mechanisms, the impact could be

even greater.

Although the development of R1507 was halted, additional test-

ing of anti–IGF-1R treatment in ESFT is warranted. SARC investiga-

tors are exploring avenues to secure other agents or partner to

purchase one of these compounds.
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Urinary tract Infection 6 5 1 1 7 6
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