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Abstract

Glioblastomas are among the most aggressive human cancers, and prognosis remains poor despite
presently available therapies. Angiogenesis is a hallmark of glioblastoma, and the resultant
vascularity is associated with poor prognosis. The proteins that mediate angiogenesis, including
vascular endothelial growth factor (VEGF) signaling proteins, have emerged as attractive targets
for therapeutic development. Since VEGF receptor-2 (VEG-FR-2) is thought to be the primary
receptor mediating angiogenesis, direct inhibition of this receptor may produce an ideal
therapeutic effect. In this context, we tested the therapeutic effect of CT322, a selective inhibitor
of VEGFR-2. Using an intracranial murine xenograft model (U87-EGFRvllI-luciferase), we
demonstrate that CT322 inhibited glioblastoma growth in vivo and prolonged survival. Of note,
the anti-neoplastic effect of CT322 is augmented by the incorporation of temozolomide or
temozolomide with radiation therapy. Immunohistochemical analysis of CT322 treated tumors
revealed decreased CD31 staining, suggesting that the tumoricidal effect is mediated by inhibition
of angiogenesis. These pre-clinical results provide the foundation to further understand long term
response and tumor escape mechanisms to anti-angiogenic treatments on EGFR over-expressing
glioblastomas.
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Introduction

The cure for glioblastoma (GBM) has evaded generations of scientists. It is the most
common form of primary brain malignancy and one of the most aggressive forms of human
cancer. Without treatment, the median survival is approximately 14 weeks [1]. The current
standard treatment includes maximal surgical resection followed by concurrent
temozolomide and radiation therapy [2, 3]. This regimen extends the median survival to
approximately 14 months [2]. For most patients, however, the disease remains fatal.

Histologically, glioblastoma is characterized by increased vascularity. This vascularity is
achieved, in large part, by tumoral secretion of a soluble pro-angiogenic factor termed
vascular endothelial growth factor (VEGF) [4-7]. Of note, the extent of vascularity and
VEGF expression correlates with poor clinical outcomes for glioblastoma patients [8, 9]. In
this context, vascular endothelial growth factor signaling has emerged as a key therapeutic
target [10, 11].

Within the VEGF signaling family, there are several ligands (VEGF-A, B, C, D, and
placental growth factor) and associated receptors (VEGFR-1, -2, and -3) [12]. While all
VEGF family ligands can mediate angiogenesis, VEGFR-2 is the primary receptor that
mediates angiogenesis. Thus, the generally accepted principal signal for angiogenesis
involves the interaction between the various VEGF isoforms and the receptor VEGFR-2 [12,
13]. Pertinent to our study, human VEGFs have been shown to bind and activate mouse
VEGF-receptors to trigger angiogenesis. [14-17]. For instance, Oka et al. demonstrated that
injection of VEGF-expressing cancer stem cell into the brains of NOD-SCID mice formed
vascular tumors that were negative for human CD31 and positive for mouse CD31 [17].
VEGF-A secretion is regulated by several oncogenes, including epidermal growth factor
receptor (EGFR) [7]. One well-described EGFR mutant found in glioblastoma, EGFRUVIII,
results in constitutively active EGFR signaling [18]. In this way, activating mutations of
EGFR can simultaneously trigger oncogenesis, as well as promote angiogenesis [7].

In this context, we tested the efficacy of CT322, a novel therapeutic agent that specifically
and effectively blocks VEGFR-2, in an EGFRvIII-expressing glioblastoma model [19].
CT322 is a prototypical Adnectin™, a novel type of targeted biologic derived from human
fibronectin, an abundant extracellular protein that naturally binds to other proteins [19].
Adnectins are molecules based upon the 10th type 111 domain of fibronectin. Variable
regions within the stable tertiary structure of this fibronectin domain can be engineered to
facilitate binding to specific targets. The variable regions of CT322 have been engineered
for specific binding to human and mouse VEGFR-2 [20]. A Phase I clinical trial of CT322
in solid cancers suggests that the drug is acceptably tolerated [21]. CT322 is able to bind and
effectively inhibit human and mouse VEGFR-2 and prevent the proliferation effect of
VEGF-A on human embryonic vascular endothelial cells. Pertinent to neuro-oncology,
CT322 inhibits tumor growth in a mouse subcutaneous xenograft glioblastoma model [19].
Here,we extend this previous work by testing the effect of CT322 alone and in combination
with currently used therapeutics in vivo using an intracranial mouse EGFRvIII-expressing
glioblastoma model.
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Materials and methods

Cell lines and reagents

The U87-EGFRVIII cell line was generously provided by Dr. Xandra Breakefield
(Massachusetts General Hospital, Boston MA). The U87-EGFRvIII-luciferase cell line was
generated by transducing U87-EGFRvIII with replication-defective lentivirus encoding
firefly luciferase as previously described [22]. Cells were maintained in the DMEM with 10
% FBS (Invitrogen), 2 mM Glutamine, and 1 % Penstrep (Invitrogen) at 37 °C with 5 %
CO2. Supernatants from the U87-EGFRvIII cells were analyzed for presence of VEGF. An
in vitro cell viability assay was performed for the U87-EGFRvIII with CT322 treatment.

Tumor implantation

9 week-old male NOD-SCID mice (NOD-CB17-Prkdcscid/lcrCrl; Charles River
Laboratories, Wilmington, MA, USA) were anesthetized by 2 % isoflurane. 5 x 104 U87
EGFRvllI-luciferase cells were implanted intracranially using the following stereotactic
coordinates: 0.5 mm posterior, 2.5 mm lateral, and 3.5 mm deep. Treatment groups within
each experiment ranged in size from 4 to 7 mice each (indicated in the results section and in
each figure legend). Pilot experiments suggested statistically significant differences in
treatment outcomes could be demonstrated with groups this size. The weight of the mice
was monitored at regular intervals and with each imaging session to assure animal health
and lack of treatment toxicity. Animal care was handled and maintained in strict accordance
to established protocols from the Institutional Animal Care and Use Committee of the
Massachusetts General Hospital.

Chemotherapeutic and radiation administration

Beginning on post-transplant day 4, CT322 was administered at a dose of 60 mg/kg
intraperitoneally (IP) 3-times weekly for 5 doses. For negative control, phosphate buffered
saline (PBS) was administered in an equal volume. Temozolomide was administered at 34
mg/kg orally daily for the first 5 days of the treatment period. In the absence of radiation
therapy, temozolomide administration was concurrent with the combination therapy
beginning at day 4 after tumor transplantation. Because experiments involving radiation
therapy were conducted subsequent to the non-radiation groups, an independent PBS control
group was maintained concurrent to the cohorts receiving radiation plus temozolomide with
and without CT322. With radiation therapy, temozolomide was administered concurrent
with the start of radiation therapy at post-transplant day 8. Mice randomized to receive
radiation therapy were irradiated to a total dose of 30 Gray (Gy) in three daily 10 Gy
fractions. Prior to each treatment, mice were anesthetized (ketamine 118 mg/kg IP +
xylazine 11.8 mg/kg IP) and shielded in a custom-designed block with an aperture of 0.8
cm.

Bioluminescence imaging (BLI)

In vivo longitudinal monitoring was accomplished using bioluminescence detection. Mice
were anesthetized using 1-2 % isoflurane before intraperitoneal injection of o-luciferin salt
(150 mg/kg in 200 ul PBS; Caliper Life Sciences, Hopkinton, MA). BLI was performed in a
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high sensitivity, cooled CCD camera (IVIS®, Xenogen) at five-minute intervals until peak
values were recorded for all mice. Living image® software (Xenogen) was used for imaging
and signal quantification. Imaging schedules are described in the treatment groups.

Magnetic resonance imaging (MRI)

Histology

Two animals per treatment group were subjected to MRI. MRI was performed to obtain
serial images with a 4.7 tesla Bruker imaging system (Pharmascan, Karlruhe, Germany).
Animals were imaged at baseline and weekly until termination of study. Animals were
anesthetized during imaging with 1-1.5 % inhaled isoflurane and monitored during imaging
with respiratory monitoring. Imaging protocols included a tri-plane and axial rapid
acquisition with relaxation enhancement (RARE) localizer. Multi-slice multi-echo T2-
weighted imaging was performed prior to and following intravenous injection of magnetic
nano-particle (10 mg/kg Fe). The following parameters were utilized: Flip angle = 900;
Matrix size (128 x 64); TR = 2500 ms; TE = 16 equally spaced echoes at 8.6 ms intervals
ranging from 8.6 ms to 137 ms; field of view (FOV) = 4.24 x 2.12 cm, slight thickness = 1
mm. T1-weighted imaging was performed following the administration of Gd-DTPA
utilizing the following parameters: Flip angle 900; Matrix size (256 x 256); TR = 700 ms;
TE = 14 ms; field of view (FOV) = 4.24 x 2.12 cm, slice thickness = 1 mm. OsiriX DICOM
software (www.osirix-viewer.com) was used for image analysis. Tumors were outlined in
T1 post-contrast scans using all available images containing tumor. VVolumes were
calculated using the “compute volume” function.

A set of mice separate from the survival and bioluminescence studies was designated for
histologic analysis and comparison, and tumors from these mice were collected at day 14.
These mice received the various treatments in parallel with the mice in the survival studies:
PBS, CT322 alone, temozolomide alone, CT322 with temozolomide, radiation therapy with
temozolomide, and CT322 with radiation and temozolomide. Mice were deeply anesthetized
and perfused with chilled PBS, followed by 4 % paraformaldehyde (PF). Brains were
removed and placed in 4 % PF for 12 h before being paraffin embedded.
Immunohistochemical staining was performed on paraffin wax embedded mouse brain
tissue sections using a polymer peroxidase system in accordance to the manufacturer's
instruction (Biocare Medical, Concord, CA). Antibodies used include: anti-Ki67 (1:100;
Biocare Medical #CRM 325), anti-caspase 3 (1:100; Biocare Medical # CP 229), and anti-
CD31 (1:50; Biocare Medical # CM 347). All antibodies were used in accordance to the
manufacturer's instruction. Subsequently, sections were incubated with Biocare's Rabbit on
Rodent HRP-Polymer or Rat on mouse HRP-Polymer (Biocare Medical) for 10 or 30 min,
respectively. Thereafter, tissue sections were incubated with DAB chromogen substrate
(Biocare Medical) for 5 min in room temperature. Finally, sections were lightly counter-
stained with Mayer's hematoxylin. For negative control, the primary antibody was omitted
during the incubation step.

Cell counts of positively staining cells were performed with high power (x200) digital
images for each marker (CD31, Ki67 and cleaved-Caspase 3). The average number of
marker-positive cells per 200x field was determined for the entire area of each tumor.
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Depending on the tumor size, the entire area of the tumor ranged from 2 to 6 fields at 200
power. No tumor had reached the size of ten 200x fields.The tumors for histologic analysis
were taken from 2 mice in the CT322 monotherapy treatment group, 2 mice in the CT322
plus temozolomide treatment group, 3 mice in the temozolomide monotherapy treatment
group, and 3 mice from the control group for this cohort. Additionally, tumors for histologic
analysis were taken from 4 mice in the temozolomide plus radiation therapy treatment
group, 4 mice from the CT322 plus temozolomide and radiation therapy group, and 4 mice
from the control group for this cohort.

Statistical analyses

Results

Survival analyses were made with Kaplan—Meier curves and Gehan's generalized Wilcoxon
test. Statistical comparisons between control and experimental groups were carried out with
the Mann-Whitney test, and comparisons between control and treated groups were
established using the Kruskal-Wallis test. All statistical analysis was made using Prism 5.0
software (Graphpad).

Treatment with CT322 delayed the growth of intracranial U87-EGFRVIII xenografts. We
tested CT322 using the U87-EGFRVIII Luciferase because EGFRvIII expression has been
associated with increased VEGF secretion and angiogenesis [7]. Production of VEGF was
confirmed on supernatant analysis from these U87-EGFRVIII cells. In vitro treatments with
CT322 did not affect viability of the cells, suggesting the tumor cell viability was not
VEGFR-2 dependent. In this model, CT322 treatment resulted in reduced peak
bioluminescence compared to administration of PBS (Fig. 1a), suggesting a delay in growth
of the U87-EGFRVIII Luciferase xenograft. By day 13, the mean bioluminescence in the
control group (n = 4) was 4,380 photons/s x 106. In comparison, the mean bioluminescence
in the CT322 treated group (n = 5) showed roughly a sevenfold decrease to 610 photons/s x
108 (p = 0.08 at day 13 for PBS vs CT322 (unpaired t test)). MRI images from a
representative subset of mice further confirmed reduced tumor size with CT322 treatment
(Fig. 1h, c). CT322 treatment also resulted in a statistically significant survival advantage
relative to the untreated control mice (p = 0.0336, Gehan-Breslow-Wilcoxon Test) (Fig. 1d).
The median survival within the control group of mice was 19 days (standard deviation (sd) =
2 days) and 29 days (sd = 6 days) in the CT322 treatment group.

Temozolomide increased the therapeutic effect of CT322. Since clinical translation of
CT322 would likely involve combination with temozolomide [2], we tested the effect of
such combination in our model. When treated with the combination of CT322 and
temozolomide, tumor size was reduced and survival improved beyond the results of either
drug administered individually (Fig. 2a—€). By day 27, the mean peak bioluminescence (Fig.
2a) was 17,000 photons/s x 108 for the CT322-treated group (n = 5), 4,800 photons/s x 10°
for the temozolomide-treated group (n = 6), and 900 photons/s x 10° for the combination
CT322 plus temozolomide treated group (n = 6) (p = 0.04 for temozolomide vs PBS at day
13; p = 0.0008 for temozolomide vs CT322 at day 27; p = 0.04 for temozolomide vs
combination temozolomide plus CT322 at day 27; p = 0.0001 for CT322 vs combination
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temozolomide plus CT322 (unpaired t test)). MRI images from a representative subset of
mice further confirmed the reduced tumor size with combined CT322 plus temozolomide
treatment (Fig. 2b—d). Additionally, mice treated with the combination CT322 plus
temozolomide exhibited longer survival relative to both CT322-monotherapy (p = 0.029,
Gehan-Breslow-Wilcoxon Test) and temozolomide-monotherapy (p = 0.044, Gehan-
Breslow-Wilcoxon Test) (Fig. 2e). There was no statistically significant difference in
survival between temozolomidemonotherapy and CT322- monotherapy groups. The median
survival was 29 days (sd = 6 days) in the CT322-monotherapy group, 32 days (sd = 2 days)
in the tem-ozolomide-monotherapy group, and 47 days (sd = 11 days) in the combination
CT322 plus temozolomide treated group.

Addition of CT322 improves efficacy of the current standard glioblastoma treatment
regimen. Ultimately, if CT322 were to be tested as a therapeutic for newly diagnosed
glioblastoma, it will likely be combined with temozolomide and radiation. Thus, we tested
the addition of CT322 to combined temozolomide and radiation therapy. In this experiment,
the temozolomide with radiation therapy combination was the control group, and CT322
added to temozolomide with radiation therapy was the experimental group. PBS treatment
was also concurrently tested as an additional point of reference, but radiation therapy and
temozolomide were not used as variables in the design of this experiment. When added to a
simulated regimen of concurrent temozolomide with radiation therapy, CT322 caused
further reduction in tumor burden as assessed by bioluminescence (Fig. 3a) and MRI (Fig.
3b, c). By day 35 after transplant, the temozolomide-plus-radiation therapy group's (n=7)
average peak bioluminescence was 16,000 photons/ s x 108, whereas the addition of CT322
to the regimen (n = 7) significantly dropped the bioluminescence to 760 photons/s x 108 (p =
0.05 for temozolomide-plus-radiation vs PBS at day 21; p = 0.01 for temozolomide-plus-
radiation-plus-CT322 vs PBS at day 21; p = 0.02 for temozolomide-plus-radiation vs
temozolomide-plus-radiation-plus-CT322 at day 35 (unpaired t test)). Accordingly,
prolonged survival was observed with the CT322-temozolomide-radiation treated mice
relative to the temozolomide-radiation treated mice (p = 0.0014, Gehan-Breslow-Wilcoxon
Test) (Fig. 3d). The median survival of the temozolomide-radiation treated mice was 33
days (sd = 4 days), whereas the median survival of the CT322-temozolomide-radiation
treated mice was 47 days (sd = 5 days).

CT322 treatment inhibited angiogenesis and enhanced apoptosis. Immunohistochemical
(IHC) analysis of the xenograft obtained after CT322 treatment revealed decreased staining
of CD31 compared to control treatment, suggesting decreased micro-vascular density (Fig.
4). This decrease was associated with increased caspase3 staining and decreased Ki67
staining with CT322 compared to control treatment, suggesting increased apoptosis and
decreased cellular proliferation. In contrast, temozolomide treatment was associated with
increased caspase3 staining and decreased Ki67 staining, without a significant change in the
level of CD31 staining. These results suggest that the tumoricidal activity of temozolomide
was not derived from inhibition of angiogenesis. Consistent with this observation, the CD31
staining of CT322-monotherapy treated and combination (CT322 plus temozolomide)
treated tumor were comparable. Interestingly, though the addition of CT322 to
temozolomide significantly delayed tumor growth (Fig. 2a) and prolonged survival (Fig. 2e),
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this effect was not reflected in Ki-67 or caspase3 staining (Fig. 4). With the addition of
CT322 to temozolomide-plus-radiation, IHC analysis of CD31-, Ki67-, and caspase3-
staining suggested a trend toward reduced endothelial cell counts, reduced cellular
proliferation, and increased apoptosis with CT322 (Fig. 4). However, this trend did not reach
statistical significance between these two treatment groups.

Discussion

This study examined the efficacy of CT322, an Adnectin-based inhibitor of VEGFR-2, in
the treatment of glioblastoma using a murine intracranial U87-EGFRvIII luciferase
xenograft model. We assessed the effect of tumor growth using independent determinants,
including bioluminescence, MRI, and overall survival. Our results indicate that CT322
delayed the growth of the U87-EGFRVIII xenograft and prolonged survival. As a component
of combination therapies with temozolomide or with concurrent temozolomide-radiation
therapy, CT322 further reduced tumor growth and improved survival. IHC analyses suggest
that the mechanism underlying this therapeutic effect is predominantly through inhibition of
angiogenesis.

While CT322 has been previously studied in a subcutaneous xenograft model of
glioblastoma [19], this is the first report of the efficacy of CT322 in an intracerebral
xenograft model of glioblastoma. By using intracerebral grafts, these results more closely
model glioblastoma in its native central nervous system [23]. By engineering the U87 cells
to express EGFRvIII, which is known to enhance VEGF-secretion [7], we demonstrate
effectiveness of CT322 in this setting. Further, our results demonstrate that the CT322-
temozolomide-radiation therapy combination is well tolerated and efficacious against
EGFRvIlI-expressing glioblastomas.

A major limitation of this study involves the use of a single xenograft model, namely that of
the UB7MG cell over-expressing the EGFRvIII oncogene. We recognize that every
experimental model of glioblastoma (xenograft, transgenic, or otherwise) necessarily
captures only a subset of the biology inherent within the clinical entity of glioblastoma. In
this context, we believe that translational efforts will require testing of any therapeutic
strategy using complementary experimental models. We hope that our results provide a
sound foundation for such future testing in terms of CT322.

This study demonstrates that CT322 may be combined with radiation and temozolomide for
improved survival and reduction in tumor size. Several mechanisms have been proposed to
explain the success of anti-angiogenic and anti-VEGF signaling combination therapies in
brain tumors [24]. One hypothesis suggests that inhibition of tumor vascularization may
decrease nutrient delivery to cells between chemotherapy cycles, thus slowing tumor cell
repopulation [25]. This study did not support this hypothesis, as CD31 counts were not
significantly reduced with the addition of CT322 to either temozolomide or temozolomide
plus radiation therapy. Another hypothesis suggests that anti-angiogenic therapy normalizes
tumor vasculature, thereby facilitating delivery of chemotherapeutic agents [26].
Normalization of tumor vasculature may also lead to a reduction in edema, which may
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account for improved outcomes [27]. Ultimately, the mechanism of therapeutic effect of
CT322 is yet to be fully elucidated, and may be a summation of these various effects.

Our results echo previous studies that found improved survival with anti-VEGF therapy,
independent of and despite persistent tumor growth [27, 28]. The cause is frequently
attributed to normalization of vasculature and reduction of cerebral edema, as reported by
Kamoun et al [27]. who demonstrated in an orthotopic mouse model that cediranib
alleviated edema as measured by MRI and weight measurements of water content. This
improved survival despite tumor growth was seen in our experiments. For example, animals
treated with CT322 have tumors that have 3.5-fold more bioluminescence than animals
treated with only temozolomide (Fig. 2a). However, the two groups have similar survival
(Fig. 2e). We expect this is due to this previously described phenomenon of vascular
normalization and reduced edema with anti-VEGF therapy [27, 28].

Importantly, this vascular normalization with anti-VEGF treatment also leads to decreased
gadolinium contrast enhancement on MRI [29]. Given this, it may be inappropriate to
compare bioluminescence imaging (which is a function of the number of cells metabolizing
luciferin) to contrast enhancement on MRI (which is a function of vascular permeability).
This is particularly true when testing a drug that is expected to alter vascular permeability.
As such, bioluminescence was felt to be a more appropriate measure of tumor growth for
our experiments. Thus, MRI was obtained in only a few animals per group for illustrative
purposes [29].

Several anti-angiogenic agents have been explored as single agents in the treatment of
recurrent glioblastoma, including bevacizumab, cediranib, and aflibercept. Bevacizumab is
an antibody directed against human VEGF. In 2009, the United States Food and Drug
Administration approved bevacizumab as a single agent for the treatment of glioblastoma
after previous treatment failure [30]. This approval is based on two landmark studies of
bevacizumab. The first study enrolled 78 patients and showed a partial response rate of 25.9
% with median response duration of 4.2 months. The second study enrolled 56 patients and
demonstrated a partial response rate of 19.6 % with a median response duration of 3.9
months [30]. Of note, no overall survival benefit was demonstrated by either study.
Cediranib targets all VEGF-receptors [31]. Results of a phase 11 trial of cediranib as a
monotherapy for recurrent glioblastoma were encouraging, demonstrating an “alive and
progression free at 6-months” (APF6) rate of 25.8 % [31]. Aflibercept, aka VEGF-trap, is a
soluble decoy receptor for VEGF. A phase Il trial of aflibercept as a monotherapy for
recurrent GBM, which included 42 patients, demonstrated moderate toxicity and a
disappointing APF6 rate of 7.7 % [32].

Combination regimens that include antiangiogenic agents have also been studied for newly
diagnosed glioblastoma, including bevacizumab and cilengitide. A phase I trial of
bevacizumab as part of a regimen of temozolomide and radiation therapy following initial
resection of glioblastoma has demonstrated improved progression free survival (13.6 months
Vs 6.9-7.6 months in control cohorts) with no significant improvement in overall survival
(19.6 months vs 14.6-21.1 months in control cohorts) [33]. Cilengitide targets integrins
active on endothelial cells during angiogenesis. In a phase I/11a trial for newly diagnosed
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glioblastoma, concomitant cilengitide therapy in combination with standard
chemoradiotherapy resulted in a median overall survival of 16.1 months. For patients with
O6-methylguanine-DNA methyltransferase (MGMT) promoter methylation, median survival
was longer, at 23.2 months [34]. There are several other anti-angiogenic agents under
investigation, and further research is needed to identify optimal agents and define the role of
antiangiogenic therapy in the treatment of newly diagnosed or recurrent glioblastoma [35].

In sum, our pre-clinical results support further evaluation of CT322 into the standard
temozolomide-radiation regimen in the treatment of glioblastomas over-expressing
EGFRVIII. A first step toward this translation was provided by a phase I clinical trial of
CT322 confirming safety [21]. Phase Il trials of CT322 are underway [36]. Additional
preclinical studies focused on time of intervention and treatment schedule will enhance
understanding on the value of combining VEGF-axis inhibition with temozolomide
chemotherapy and radiation treatment on a sensitive population of GBM patients.
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Fig. 1.
a—d CT322 demonstrates treatment benefit in glioblastoma xenografts. Data represents 4

control mice (PBS, n =4) and 5 mice in the CT322 treatment group (CT322, n=5). a
CT322 reduces peak bioluminescence (mean photons/s x 106) over the course of treatment,
reflecting slowed tumor growth and reduced tumor volume. Days of CT322 doses are
represented with arrows. p = 0.08 at day 13 for PBS versus CT322 (unpaired t test). b
Multiple image slices from a single MRI of a control mouse on day 24 after xenograft
demonstrating bright area of tumor representing a 121 mm3 tumor. The bioluminescence
measurement at day 20 for this individual was 11,802 mean photons/s x 10°. ¢ Multiple
image slices from a single MRI of a CT322-treated mouse on day 24 after xenograft
demonstrating bright area of tumor representing a 33 mm? tumor. The bioluminescence
measurement at day 20 for this individual was 3,973 mean photons/s x 106. d Kaplan—
Meyer curve demonstrating improved survival of CT322-treated group (p = 0.0336, Gehan-
Breslow-Wilcoxon Test). The median survival within the control group of mice was 19 days
(sd = 2 days) and 29 days (sd = 6 days) in the CT322 treatment group. Abbreviations: PBS =
phosphate buffered saline
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Fig. 2.

a—e Combination of CT322 with temozolomide demonstrates improved outcomes over
monotherapy with each agent. Data represents 4 mice in the PBS control group (n=4), 5
mice in the CT322 treatment group (CT322, n = 5), 6 mice in the temozolomide group
(TMZ, n=6), and 6 mice in the temozolomide plus CT322 group (CT322 + TMZ, n=6). a
The combination of CT322 with temozolomide resulted in lower peak bioluminescence
values than either CT322 or temozolomide as monotherapy agents. p = 0.04 for
temozolomide versus PBS at day 13; p = 0.0008 for temozolomide versus CT322 at day 27;
p = 0.04 for temozolomide versus combination temozolomide plus CT322 at day 27; p =
0.0001 for CT322 versus combination temozolomide plus CT322 (unpaired t test). b
Multiple image slices from a single MRI demonstrating 33 mm3 tumor 24 days after
transplant with CT322 treatment. The bioluminescence measurement at day 20 for this
individual was 3,973 mean photons/s x 108. ¢ Multiple image slices from a single MRI
demonstrating 3.9 mm3 tumor 26 days after transplant with temozolomide treatment. The
bioluminescence measurement at day 27 for this individual was 1,273 mean photons/s x 10°.
d Multiple image slices from a single MRI demonstrating 1.2 mms3 tumor 26 days after
transplant with temozolomide and CT322 combination treatment. The bioluminescence
measurement at day 27 for this individual was 1,549 mean photons/s x 106. e Kaplan-Meyer
curve demonstrating mice treated with the combination CT322 plus temozolomide exhibited
longer survival relative to both CT322-monotherapy (p = 0.029, Gehan-Breslow-Wilcoxon
Test) and temozolomide-monotherapy (p = 0.044, Gehan-Breslow-Wilcoxon Test). There
was no statistically significant difference in survival between temozolomide-monotherapy
and CT322 monotherapy groups. The median survival was 29 days (sd = 6 days) in the
CT322-monotherapy group, 32 days (sd = 2 days) in the temozolomide-monotherapy group,
and 47 days (sd = 11 days) in the combination CT322 plus temozolomide treated group.
Abbreviations: TMZ = temozolomide
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Fig. 3.

a—gd Addition of CT322 to current standard glioblastoma treatment of temozolomide plus
radiation therapy improves efficacy of treatment. Data represents 7 mice in each of the
treatment groups (PBS, n=7; RT + TMZ, n=7, RT + TMZ + CT322, n=7). a Addition of
CT322 to a regimen of temozolomide plus radiation results in decreased peak
bioluminescence. p = 0.05 for temozolomide-plus-radiation versus PBS at day 21; p=0.01
for temozolomide-plus-radiation-plus-CT322 versus PBS at day 21; p = 0.02 for
temozolomide-plus-radiation versus temozolomide-plus-radiation-plus-CT322 at day 35
(unpaired t test). b MRI demonstrating tumor after treatment with temozolomide and
radiation therapy alone. ¢ MRI demonstrating tumor after treatment with temozolomide and
radiation therapy plus CT322. d Kaplan—Meyer curve demonstrating improved survival with
the addition of CT322 to temozolomide and radiation therapy (p = 0.0014, Gehan-Breslow-
Wilcoxon Test). The median survival of the temozolomide-radiation treated mice was 33
days (sd = 4 days), whereas the median survival of the CT322-temozolomide-radiation
treated mice was 47 days (sd = 5 days). Abbreviations: TMZ = temozolomide. RT =
radiation therapy
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Fig. 4.

a—gc Immunohistochemical (IHC) analysis. a Representative histology images of PBS,
CT322 monotherapy, temozolomide monotherapy, and CT322 plus temozolomide therapy
groups at day 14 with arrows indicating examples of positive cells at x400 magnification
(bar represents 100 um). b Representative histology images of PBS, temozolomide plus
radiation, and CT322 plus temozolomide and radiation therapy groups at day 14 with arrows
indicating examples of positive cells at x200 magnification (bar represents 100 pum). ¢
Quantification of average CD31, Ki67, and cleaved-Caspase3 positive cell counts per x200
high powered field upon immunohistochemical staining of tumor samples for control (PBS),
temozolomide monotherapy, CT322 monotherapy, and CT322-plus-temozolomide
combination therapy, temozolomide with radiation therapy, and CT322 plus temozolomide
with radiation therapy. Abbreviations: Casp = caspase3. PBS = phosphate buffered saline.
TMZ = temozolomide. RT = radiation therapy
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