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Section 2.

Title: Preclinical evaluation of systemic and direct delivery of a PDGFR-alpha neutralizing antibody in a
brainstem glioma mouse model

Hypothesis- Genetically engineered mouse models of cancer are useful to elucidate mechanisms of
tumorigenesis, and can serve as preclinical models for the evaluation of novel agents. Rare tumors such as
brainstem gliomas (BSGs) require genetically accurate preclinical models, which recapitulate the genetic
alterations seen in the human disease, as preclinical tools. Because there are increasing numbers of available
novel therapeutics, there is a need to prioritize the best combinations to translate into clinical trials. Although
there have been numerous clinical trials evaluating novel agents to treat BSGs, none of them has been shown
to significantly affect prognosis. The evaluation of novel therapeutic agents as well as novel delivery routes
that bypass the blood-brain-barrier (e.g. convection enhanced delivery (CED)) in such preclinical models may
be predictive of responses in human clinical trials, and may result in progress against BSGs.

Specific Aims
1. To determine the in vitro activity of a PDGFR-a neutralizing antibody in cell-lines derived from
PDGF-B driven BSG

2. To evaluate the antitumor activity of systemic therapy with a PDGFR-a neutralizing antibody in the
PDGF-B driven BSG mouse model

3. To evaluate the antitumor activity of convection-enhanced delivery (CED) with a PDGFR-a
neutralizing antibody in the PDGF-B driven BSG mouse model

Background-

BSGs account for 15-20% of pediatric brain tumors and are the leading cause of death for children with
brain tumors. The median survival for these children is less than 1 year after diagnosis. Despite decades of
clinical trials evaluating novel agents to treat this disease, the natural history has not been significantly affected
and 90% of children die within 2 years of diagnosis. Involved-field fractionated radiation to a total dose of
54Gy is the current standard of care for these tumors — however, this treatment modality unfortunately provides
only temporary relief of symptoms and has major side effects. Recent genomic analysis of human BSGs have
unraveled that the most commonly reported genetic alteration is platelet-derived growth factor receptor alpha or
PDGFRa, which is amplified in 30-40% of BSGs and overexpressed in 67% (Becher et al. 2010, Zarghooni et
al. 2010)

Clinical Significance-

If systemic treatment or direct treatment using convection-enhanced delivery of a monoclonal
neutralizing antibody targeting murine PDGFRo demonstrates a statistically significant survival benefit in the
platelet-derived growth factor-B (PDGF-B) driven BSG mouse model, we are committed to working towards
translating results from this proposal into a phase I study for children with BSG. It is worth noting that a
similar neutralizing antibody from Imclone, which inhibits human PDGFRoa (IC50 < InM), is already in
clinical trials for adult gliomas as an intravenous infusion (Loizos et al. 2005), and this latter antibody can be
readily translated into a phase I clinical trial to treat children with BSG.




Section 3.

i. Hypothesis

A genetically engineered brainstem glioma murine model that is driven by PDGF signaling (as a model for
PDGFRa amplified BSG) may serve as a useful preclinical tool for the evaluation of an antibody inhibiting the
activation of PDGFRa. The evaluation of novel therapeutic agents as well as novel delivery routes that bypass
the blood-brain-barrier (e.g. convection enhanced delivery (CED)) in preclinical models may be predictive of
responses in human clinical trials, and may result in progress against BSGs.

ii. Specific Aims
1. To determine the in vitro activity of a PDGFR-a neutralizing antibody in cell-lines derived from
PDGF-B driven BSG

2. To evaluate the antitumor activity of systemic therapy with a PDGFR-a neutralizing antibody in the
PDGF-B driven BSG mouse model

3. To evaluate the antitumor activity of convection-enhanced delivery (CED) with a PDGFR-a
neutralizing antibody in the PDGF-B driven BSG mouse model

iii. Background and Rationale

Figure 1

Brainstem gliomas or diffuse intrinsic pontine gliomas are incurable
tumors that arise in children. Thirty years of clinical trials have failed to
identify a single agent that can increase the survival of children with brainstem
gliomas. Dr. Becher and colleagues has developed the first genetically
engineered mouse model of BSG based on molecular alterations documented in
human tumors. This model harbors germ-line loss of the tumor suppressor
Ink4a/ARF, and directed over-expression of the oncogene PDGF-B to Nestin-
expressing cells of the brainstem (Becher et. al 2010). Tumors from the mouse
model overexpress PDGFRa in every tumor cell (Figure 1). This model
recapitulates the genetic alterations of a subset of the human disease as i S St
PDGFRa is amplified in at least 30% of pediatric brainstem gliomas and the A-Human brainstem
receptor is over-expressed in approximately 67% of human tumors as measured glioma eﬁ'g",?o“rﬁi
by immunohistochemistry (n=22; Figure 1). Platelet-derived growth factor-B
(PDGF-B) is an important mitogen for glial progenitors and is a ligand for both platelet-derived growth factor
receptor alpha and beta (PDGFRo and PDGFRf). We have observed that inhibition of PDGFRa may be a
therapeutic strategy in the BSG mouse model as in vitro inhibition of PDGFRa with Dasatinib (an inhibitor of
PDGFRa, Src and Abl) in a cell-line derived from the BSG mouse model has resulted in growth inhibition with
an IC50 around 200nM (Figure 2A, 2B). Surprisingly, Dasatinib treatment of the PDGF-driven BSG mouse
model in vivo (10mg/kg IP for one week; Figure 2C) has not resulted in a survival benefit even though
Dasatinib treatment at similar doses have shown efficacy in mouse models of CNS leukemia (Lagas JS 2009;
Porkka K 2008). The lack of efficacy of Dasatinib in vivo despite promising in vitro growth inhibition suggests
that perhaps drug delivery is an issue or alternatively that in vivo, PDGFR-a signaling is not necessary for BSG
tumor maintenance. One way to answer this question is to evaluate inhibition of PDGFRa in a delivery method
that bypasses the blood-brain-barrier (BBB). Convection-enhanced delivery is a neurosurgical technique where
the therapeutic agent is infused directly into the tumor via a catheter and it is thought to bypass the blood-brain-
barrier. In this proposal, we are going to evaluate this neurosurgical approach with an antibody that blocks
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PDGFR-a signaling (Russell MR et al. 2010). As we already have evidence that inhibition of PDGFR-a has
antitumor activity 7z vizro, this proposal will help us better understand whether the relatively intact BBB is be
the reason for the lack of efficacy in vivo.
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A. MTT assay for Dasatinib and PD-0332991 (CDK 4/6 inhibitor) in the PDGF-B driven BSG model
B. Thymidine incorporation assay for Dasatinib and PD-0332991
C. Survival analysis of BSG-bearing mice treated with one week of 10mg/kg IP Dasatinib

Convection-enhanced delivery (CED)

The local delivery of therapeutic agents has been explored for the treatment of malignancies, cellular
enzyme deficiencies, and other pathological conditions, which present a need for highly specific treatment
modalities. Convection-enhanced delivery (CED) lowers the likelihood of systemic side effects and toxicities,
increases local effective concentrations, and provides a controlled infusion of therapeutic agent to a tissue target
(Bobo et al. 1994; Lidar et al. 2004; Morrison et al. 1994). CED is based on the principle of bulk flow to carry
an infusate into parenchyma directly across the blood-brain barrier (BBB), which has been a physical barrier to
the systemic delivery of agents. The concentration of the therapeutic solute has the potential for reaching values
10,000x greater than intravenous administration (Groothuis et al. 1999). The additional benefit of CED is the
intercalation of the infusate between white matter tracts in the space where the glioma cells exist (Raghavan et
al. 2006; Figure 3 below is an illustration from
this reference).
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Stereotactic placement of catheters into \"wl{‘jf‘!
brain parenchyma has been studied in several J"}‘*ﬂ‘d‘\:i\k
animal models, including primates and rats. i-‘?‘ﬂ;f" A

The emergent neurologic functions of animals
treated brleﬂy as Well as over a prolonged Fic. 3. a: Sketch illustrating an infusion catheter in tissue (not to scale). Orange elongated cells represent white mat-

ter tracts. The fluid infused from the catheter forms a small annulus around the outside of the catheter, the backflow. This

periOd Of tlme haVe remained Stable based on cylinder is the source of the subsequent infusion, which preferentially follows the white matter tracts. b: A T,-weight-

ed MR image demonstrating the infusion of Gd-DTPA into a pig brain. The infusion pattern has an irregular shape, pref-

1 1 erentially following the white matter tracts. The image was acquired at the end of the infusion. c: A T -weighted MR

Slmp le scorlng SyStemS (Sandberg ct al' 2002) : image obtained 1 day after the infusion was finished, depicting the effects from the same infusion shown in panel b. The
Gd-DTPA has diffused to distances far beyond the original volume shown in panel b.






