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Abstract
Background—Many childhood malignancies including sarcomas, neuroblastoma and Wilms
tumor show the presence of both, active, type-1-insulin-like growth factor receptor (IGF-1R), and
the autocrine production of its ligands IGF-1/IGF-2. IMC-A12 is a fully human IgG1 antibody that
prevents ligand binding to the IGF-1R.

Procedures—IMC-A12 was evaluated against the 23 cell lines of the Pediatric Preclinical
Testing Program (PPTP) in vitro panel using 96 hour exposure at concentrations ranging from
0.01 nM to 0.1 μM. IMC-A12 was tested in vivo at a dose of 1 mg/mouse administered
intraperitoneally twice weekly for six weeks.

Results—In vitro, IMC-A12 induced T/C values less than 50% in only three cell lines, a
rhabdomyosarcoma cell line (Rh41) and two Ewing sarcoma cell lines (TC-71 and CHLA-9). In
vivo, IMC-A12 induced significant differences in EFS distribution compared to control in 24 of 34
(71%) evaluable solid tumor xenografts. Using the PPTP “time to event” activity measure, IMC-
A12 induced intermediate (n=13) or high (n=1) activity in 33 xenografts evaluable for this activity
measure, including 6 of 6 rhabdomyosarcoma xenografts, 3 of 5 osteosarcoma xenografts, 2 of 5
neuroblastoma xenografts, and 1 of 5 Ewing sarcoma xenografts. The only objective response
observed was observed in a rhabdomyosarcoma xenograft (Rh28) that achieved a maintained
complete response.

Conclusions—IMC-A12 demonstrated broad antitumor activity against the PPTP’s in vivo solid
tumor panels, with the activity primarily being tumor growth inhibition rather than tumor
regression. IMC-A12 showed its greatest activity in vivo against the PPTP’s rhabdomyosarcoma
xenografts.
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INTRODUCTION
Many childhood cancers (rhabdomyosarcoma, osteosarcoma, Ewing sarcoma,
neuroblastoma, and Wilms tumor) show the presence of both active type-1 insulin-like
growth factor receptor (IGF-1R) and the autocrine production of its ligands IGF-1 and or
IGF-2 [1]. IGF-1 and −2 and IGF-1R regulate all aspects of the malignant phenotype with
IGF-1R being activated by its ligands and also by steroid hormones [2-4]. The activated
IGF-IR is capable of phosphorylating other tyrosine-containing substrates of which the
insulin receptor substrates (IRS-I-4) link the receptor to a cascade of enzyme activations via
PI3K-Akt-mTOR and RAF-MAPK systems [5].

The role of IGF-1R signaling in the pathogenesis of childhood cancer, and its role in
preventing apoptosis induced by a multitude of cellular stresses including cytotoxic drugs,
radiation and hypoxia [6] indicate that targeting this pathway may have considerable utility
for therapy of these rare cancers. As dysregulated IGF-I signaling is common to several
adult malignancies, targeting IGF-IR has become a major focus for therapeutic development
[6-12]. Currently there are both small molecule drugs and fully human or humanized
antibodies directed at the IGF-1R. Five fully human (CP-751,871, AMG 479, R1507, IMC-
A12, SCH717454) or humanized antibodies (H7C10/MK0646) are in adult phase-I to −III
clinical trials. These agents show specificity for IGF-IR although they may inhibit chimeric
receptors formed through heterodimerization with the insulin receptor. In preclinical models
of childhood cancers, the prototypical anti-IGF-1R antibody, α-IR3, was shown to mediate
down regulation of IGF-IR, significantly retarded growth of several cell lines in vitro [13],
and retarded the growth of rhabdomyosarcoma xenografts [14]. Another IGF-1R-targeted
antibody, SCH717454 was found to induce regressions in several sarcoma histotypes,
notably osteosarcoma and Ewing sarcoma [15]. Characterization of the antibodies being
developed suggests that there may be subtle differences in blocking binding of IGFs to the
receptor (PH - unpublished data). Here we have evaluated the IMC-A12 antibody against the
PPTP’s in vitro panel of cell lines and its in vivo panels of solid tumor xenografts.

MATERIALS AND METHODS
In vitro testing

In vitro testing was performed using DIMSCAN, a semiautomatic fluorescence-based digital
image microscopy system that quantifies viable cell numbers in tissue culture multiwell
plates [16]. Cells were incubated in the presence of IMC-A12 for 96 hours at concentrations
from 0.01 nM to 100 nM and analyzed as previously described [17].

In vivo tumor growth inhibition studies
CB17SC-M scid-/- female mice (Taconic Farms, Germantown NY), were used to propagate
subcutaneously implanted kidney/rhabdoid tumors, sarcomas (Ewing, osteosarcoma,
rhabdomyosarcoma), neuroblastoma, and non-glioblastoma brain tumors, while BALB/c nu/
nu mice were used for glioma models, as previously described [18-20]. All mice were
maintained under barrier conditions and experiments were conducted using protocols and
conditions approved by the institutional animal care and use committee of the appropriate
consortium member. Tumor volumes (cm3) were determined as previously described [21].
Responses were determined using three activity measures as previously described [21]. An
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in-depth description of the analysis methods is included in the Supplemental Response
Definitions section.

Statistical Methods
The exact log-rank test, as implemented using Proc StatXact for SAS®, was used to
compare event-free survival distributions between treatment and control groups. P-values
were two-sided and were not adjusted for multiple comparisons given the exploratory nature
of the studies.

Drugs and Formulation
IMC-A12 was provided to the Pediatric Preclinical Testing Program by ImClone Systems
through the Cancer Therapy Evaluation Program (NCI). IMC-A12 was administered
intraperitoneally twice weekly for 6 weeks at a dose of 1 mg per animal. IMC-A12 was
provided to each consortium investigator in coded vials for blinded testing.

RESULTS
IMC-A12 in vitro testing

IMC-A12 showed little evidence of treatment effect in the majority of the cell lines from the
PPTP in vitro panel (Supplemental Table I). Three of 23 cell lines achieved at least 50%
growth inhibition. These were the Ewing sarcoma cell lines, CHLA-9 and TC-71, and the
rhabdomyosarcoma cell line, Rh41, which had IC50 values of 49.31, 0.66 and 0.04 nM,
respectively and which had EC50 values of 0.03 nM or less (Supplemental Table 1).

IMC-A12 in vivo testing
IMC-A12 was evaluated in 35 xenograft models. Fourteen of 690 mice died during the study
(2.0%), with 6 of 344 in the control arms (1.7%) and 8 of 346 in the IMC-A12 treatment
arms (2.3%). One line (BT-28) was excluded from analysis due to toxicity greater than 25
percent. A complete summary of results is provided in Supplemental Table II, including
total numbers of mice, number of mice that died (or were otherwise excluded), numbers of
mice with events and average times to event, tumor growth delay, as well as numbers of
responses and T/C values.

Antitumor effects were evaluated using the PPTP activity measures for time to event (EFS
T/C), tumor growth delay (tumor volume T/C), and objective response. IMC-A12 induced
significant differences in EFS distributions compared to controls in 24/34 (71%) of solid
tumor models (Table I). One line (Rh28) met the criteria for high activity with an EFS T/C
value of >2.8 and with a final tumor volume less than the initial volume (Table I). An
additional 13 of 33 evaluable solid tumor models met criteria for intermediate activity for
the EFS T/C activity measure by having EFS T/C values exceeding 2.0 and significant
differences in EFS distribution between treated and control groups. IMC-A12 was not tested
against ALL xenograft models.

The in vivo testing results for the objective response measure of activity are presented in
Figure 1 in a ‘heat-map’ format as well as a ‘COMPARE’-like format, based on the scoring
criteria described in the Material and Methods and the Supplemental Response Definitions
section. The latter analysis demonstrates relative tumor sensitivities around the midpoint
score of 5 (stable disease). Objective responses were seen in one solid tumor model with a
maintained complete response in the alveolar rhabdomyosarcoma line Rh28 (Figure 2).
Figure 2 also illustrates three additional alveolar rhabdomyosarcoma xenografts (Rh10,
Rh30, and Rh41), which demonstrated significant growth inhibition to IMC-A12 without
achieving objective responses.
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DISCUSSION
IMC-A12 is a fully human IgG1 monoclonal antibody that binds with high affinity to IGF-
IR, inhibiting ligand-dependent receptor activation and downstream signaling. IMC-A12
also mediates internalization and degradation of the IGF-IR [22]. IMC-A12 demonstrated
relatively modest activity against the PPTP cell line panel where 50 percent growth
inhibition was determined in only 3 (sarcoma) of 23 lines. As discussed previously [15],
conditions of in vitro growth use high serum, which probably circumvents the effect of
IGF-1R inhibition.

In vivo, IMC-A12, a species-specific antibody, demonstrated virtually no toxicity, but had
broad-spectrum antitumor activity inducing significant differences in EFS distribution
compared to control in 24 of 34 (71%) evaluable solid tumor xenografts. Significant
differences in EFS distribution (treated to control) were observed in one or more xenografts
for each histotype tested, with the exception of the medulloblastoma panel. IMC-A12
induced intermediate (n=13) or high (n=1) activity in 33 xenografts evaluable for this
activity measure, including 6 of 6 rhabdomyosarcoma xenografts, 3 of 5 osteosarcoma
xenografts, 2 of 5 neuroblastoma xenografts, and 1 of 5 Ewing sarcoma xenografts. The
Wilms tumor panel and the medulloblastoma panel showed only low activity for the EFS T/
C activity measure. The only objective response induced by IMC-A12 was observed in a
rhabdomyosarcoma xenograft (Rh28) that achieved a maintained complete response. Two
other alveolar rhabdomyosarcoma xenografts, Rh10, and Rh41 were also amongst the most
sensitive to IMC-A12 treatment, consistent with the observation that the normally imprinted
allele of the IGF2 gene is activated in alveolar rhabdomyosarcoma [23]. PD2 (progressive
disease with growth delay) responses were observed in an additional 16 xenografts.

Clinically, weekly doses of IMC-A12 ranging from 3 to 10 mg/kg have been well tolerated
with no consistent adverse effects [22]. In adults, the plasma half-life values at the 3 and 6
mg/kg dose levels averaged 148 and 209 hours, while maximal IMC-A12 plasma
concentrations were 333 and 415 μg/mL, respectively. Of importance to the current study,
target trough concentrations of IMC-A12, as determined from preclinical studies in human
tumor xenograft models, were achieved at the 6 mg/kg dose [22].

The PPTP previously evaluated another IGF-1R-targeted antibody [15]. Twenty-three in
vivo models are common to both studies. Based on growth inhibition, similar activity for
IMC-A12 and SCH717454 was observed in 13 models. Compared to the other antibody,
IMC-A12 was superior in 5 models and inferior in 5 models. While the overall patterns of
response were similar, there were differences. For example, IMC-A12 had greater activity
against 3 of 5 rhabdomyosarcoma xenografts, but less activity in 2 of 4 Ewing sarcomas and
2 of 5 osteosarcoma xenografts. Of interest is that rhabdomyosarcomas are predominantly
IGF-2-driven whereas Ewing sarcomas and many osteosarcomas primarily secrete IGF-1.
Reference to the PPTP Affymetrix expression profiles (pptp.stjude.org/affyData.php)
showed that 4/5 Ewing sarcoma xenografts had high expression of IGF-1 ligand, whereas all
8 rhabdomyosarcomas and 7/8 neuroblastomas had high level expression of IGF-2 ligand.
The osteosarcoma models were evenly divided into those with high IGF-1 or high IGF-2
expression. IGF-2 expression was strong in 5/14 brain tumors, but only a single line (BT-41)
expressed IGF-1. Only 3/10 ALL xenografts expressed IGF-2 ligand, and none expressed
IGF-1 signal. Thus, there is no apparent correlation between expression of ligand and tumor
sensitivity to IMC-A12.

Several strategies for inhibiting IGF-1R-mediated signaling are in clinical or preclinical
development. These include small molecule inhibitors of IGF-1R, receptor-binding
antibodies such as IMC-A12, and antibodies that directly bind ligands. Results presented
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here, and previously [15] indicate that the predominant effect of antibodies that block ligand
binding to IGF-1R is to slow tumor progression, rather than induce a high frequency of
tumor regressions. IGF’s act as survival factors for numerous cellular stresses, including
cytotoxic agents used in treatment of childhood cancer. Consequently, for pediatric cancer
one rational use of agents such as IMC-A12 is to combine these agents with current curative
chemotherapy. A second approach will be to evaluate IMC-A12 in combination with other
signaling inhibitors, such as rapamycin (sirolimus), against the PPTP in vivo panel.
Combinations of IMC-A12 with standard chemotherapy agents and with molecularly
targeted agents (e.g., cetuximab, erlotinib, temsirolimus) are being studied in clinical trials
for adults with cancer and pediatric evaluations of IMC-A12 have been initiated.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
IMC-A12 in vivo objective response activity. Left: The colored ‘heat map’ depicts group
response scores. A high level of activity is indicated by a score of 6 or more, intermediate
activity by a score of ≥ 2 but < 6, and low activity by a score of < 2. Right: representation of
tumor sensitivity based on the difference of individual tumor lines from the midpoint
response (stable disease). Bars to the right of the median represent lines that are more
sensitive, and to the left are tumor models that are less sensitive. Red bars indicate lines with
a significant difference in EFS distribution between treatment and control groups, while blue
bars indicate lines for which the EFS distributions were not significantly different.
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Figure 2.
IMC-A12 activity against individual solid tumor xenografts. Kaplan-Meier curves for EFS,
median relative tumor volume graphs, and individual tumor volume graphs are shown for
selected lines: (A) Rh10, (B) Rh28, (C) Rh30 and (D) Rh41.
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