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Synergistic and targeted therapy with a procaspase-3 activator and temozolomide extends
survival in glioma rodent models and is feasible for the treatment of canine malignant glioma
patients.

Joshi AD, Botham RC, Schlein LJ, Roth HS, Mangraviti A, Borodovsky A, Tyler B, Joslyn

S, Looper JS, Podell M, Fan TM, Hergenrother PJ, Riggins GJ.
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Glioblastoma is a deadly brain cancer with a median survival time of ~15 months. lonizing
radiation plus the DNA alkylator temozolomide (TMZ) is the current standard therapy. PAC-1, a
procaspase-3 activating small molecule, is blood-brain barrier penetrant and has previously
demonstrated ability to synergize with diverse pro-apoptotic chemotherapeutics. We studied if
PAC-1 could enhance the activity of TMZ, and whether addition of PAC-1 to standard treatment
would be feasible in spontaneous canine malignant gliomas.

EXPERIMENTAL DESIGN:

Using cell lines and online gene expression data, we identified procaspase-3 as a potential
molecular target for most glioblastomas. We investigated PAC-1 as a single agent and in
combination with TMZ against glioma cells in culture and in orthotopic rodent models of glioma.
Three dogs with spontaneous gliomas were treated with an analogous human glioblastoma
treatment protocol, with concurrent PAC-1.

RESULTS:

Procaspase-3 is expressed in gliomas, with higher gene expression correlating with

increased tumor grade and decreased prognosis. PAC-1 is cytotoxic to glioma cells in culture
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and active in orthotopic rodent glioma models. PAC-1 added to TMZ treatments in cell culture
increases apoptotic death, and the combination significantly increases survival in orthotopic
glioma models. Addition of PAC-1 to TMZ and radiation was well-tolerated in 3 out of 3

pet dogs with spontaneous glioma, and partial to complete tumor reductions were observed.
CONCLUSIONS:

Procaspase-3 is a clinically relevant target for treatment of glioblastoma. Synergistic activity of
PAC-1/TMZ in rodent models and the demonstration of feasibility of the combined regime in
canine patients suggest potential for PAC-1 in the treatment of glioblastoma.
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Targeted Doxorubicin Delivery to Brain Tumors via Minicells: Proof of Principle Using Dogs with
Spontaneously Occurring Tumors as a Model.

MacDiarmid JA, Langova V, Bailey D, Pattison ST, Pattison SL, Christensen N, Armstrong LR,
Brahmbhatt VN, Smolarczyk K, Harrison MT, Costa M, Mugridge NB, Sedliarou I, Grimes NA,
Kiss DL, Stillman B, Hann CL, Gallia GL, Graham RM, Brahmbhatt H.
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BACKGROUND:
Cytotoxic chemotherapy can be very effective for the treatment of cancer but toxicity on normal
tissues often limits patient tolerance and often causes long-term adverse effects. The objective
of this study was to assist in the preclinical development of using modified, non-living
bacterially-derived minicells to deliver the potent chemotherapeutic doxorubicin via epidermal
growth factor receptor (EGFR) targeting. Specifically, this study sought to evaluate the safety
and efficacy of EGFR targeted, doxorubicin loaded minicells (designated EGFRminicellsDox) to
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deliver doxorubicin to spontaneous brain tumors in 17 companion dogs; a comparative oncology
model of human brain cancers.

METHODOLOGY/PRINCIPLE FINDINGS:

EGFRminicellsDox were administered weekly via intravenous injection to 17 dogs with late-
stage brain cancers. Biodistribution was assessed using single-photon emission computed
tomography (SPECT) and magnetic resonance imaging (MRI). Anti-tumor response was
determined using MRI, and blood samples were subject to toxicology (hematology,
biochemistry) and inflammatory marker analysis. Targeted, doxorubicin-loaded minicells rapidly
localized to the core of brain tumors. Complete resolution or marked tumor regression (>90%
reduction in tumor volume) were observed in 23.53% of the cohort, with lasting anti-

tumor responses characterized by remission in three dogs for more than two years. The median
overall survival was 264 days (range 49 to 973). No adverse clinical, hematological or
biochemical effects were observed with repeated administration of EGFRminicellsDox (30 to 98
doses administered in 10 of the 17 dogs).

CONCLUSIONS/SIGNIFICANCE:

Targeted minicells loaded with doxorubicin were safely administered to dogs with late

stage brain cancer and clinical activity was observed. These findings demonstrate the strong
potential for clinical applications of targeted, doxorubicin-loaded minicells for the effective
treatment of patients with brain cancer. On this basis, we have designed a Phase 1 clinical
study of EGFR-targeted, doxorubicin-loaded minicells for effective treatment of human patients
with recurrent glioblastoma.



