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Summary VEGEF signaling through VEGFR-2 is the major
factor in glioblastoma angiogenesis. CT-322, a pegylated pro-
tein engineered from the 10th type III human fibronectin
domain, binds the VEGFR-2 extracellular domain with high
specificity and affinity to block VEGF-induced VEGFR-2
signaling. This study evaluated CT-322 in an open-label run-
in/phase 2 setting to assess its efficacy and safety in recurrent
glioblastoma. Eligible patients had 1st, 2nd or 3rd recurrence
of glioblastoma with measurable tumor on MRI and no prior
anti-angiogenic therapy. The initial CT-322 dose was 1 mg/kg
IV weekly, with plans to escalate subsequent patients to
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2 mg/kg weekly if tolerated; within each CT-322 dose cohort,
patients were randomized to *irinotecan IV semiweekly. The
primary endpoint was 6-month progression-free survival
(PFS-6). Sixty-three patients with a median age of 56 were
treated, the majority at first recurrence. One-third experienced
serious adverse events, of which four were at least possibly
related to study treatment (two intracranial hemorrhages and
two infusion reactions). Twenty-nine percent of subjects de-
veloped treatment-emergent hypertension. The PFS-6 rate in
the CT-322 monotherapy groups was 18.6 and 0.0 % in the 1
and 2 mg/kg treatment groups, respectively; results from the
2 mg/kg group indicated that the null hypothesis that PFS-6
<12 % could not be rejected. The study was terminated prior
to reaching the planned enrollment for all treatment groups
because data from the completed CT-322 2 mg/kg monother-
apy treatment arm revealed insufficient efficacy. Despite bio-
logical activity and a tolerable side effect profile, CT-322
failed to meet the prespecified threshold for efficacy in recur-
rent glioblastoma.
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Introduction

High-grade gliomas comprise a class of diffuse central ner-
vous system (CNS) tumors that includes glioblastoma (GBM)
as well as anaplastic gliomas. There are approximately 16,500
new cases of high-grade glioma and more than 13,000 glioma
deaths annually in the United States [1]. Glioblastoma ac-
counts for approximately 75 % of high-grade glioma patients
[2]. Standard initial treatment for GBM includes surgical
resection to the maximal extent possible consistent with neu-
rological preservation, followed by concurrent radiotherapy
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combined with chemotherapy consisting of temozolomide, and
then continued adjuvant temozolomide alone. Even with this
therapy, however, the median survival in clinical trial patients is
only 14.6 months, and the 1- and 2-year survivals are 61 and
27 %, respectively [3].

There is sound biological basis for the use of anti-
angiogenesis agents in highly vascularized VEGF-driven tu-
mors such as GBM. At the time this trial was launched,
preliminary clinical results with bevacizumab, a monoclonal
antibody against vascular endothelial growth factor (VEGF),
and other anti-VEGF agents, such as AZD2171 and
aflibercept, also known as VEGF-Trap, were promising [4—8].

Fibronectins are naturally occurring proteins that bind
integrins via RGD receptor recognition. CT-322 is a fibronectin
tenth type 3 domain fragment modified with 19 amino acid
mutations to redirect binding loops to the extracellular domain
of vascular endothelial growth factor receptor-2 (VEGFR-2). A
high affinity blocker of VEGFR-2, it blocks all known ligands
of this critical tumor angiogenesis receptor, including VEGF-
A, VEGF-C, and VEGF-D and is pegylated to extend its
plasma half-life. In contrast to VEGFR tyrosine kinase inhibi-
tors like sunitinib and sorafenib, it blocks the extracellular
domain of the receptor (Fig. 1). The maximum tolerated dose
(MTD) on weekly schedule from phase 1 study is 2 mg/kg [9].

Bevacizumab does not bind to or block the action of VEGF-C
and VEGF-D, and the extent to which these ligands may be
involved in driving recurrent GBM suggested a potential for
differential activity with CT-322.

Given the clear medical need for improved treatment of
recurrent GBM, the biological and clinical anti-angiogenesis
precedents previously described, CT-322’s potential to curb
tumor progression by preventing angiogenesis, and CT-322’s
favorable adverse event (AE) profile when dosed up to the
Phase 1 determined maximum tolerated dose (MTD), this
phase II trial of CT-322 in recurrent GBM was undertaken.
Because it is not yet clear how anti-angiogenic monotherapy
with an anti-VEGF agent such as bevacizumab compares with
a combination approach utilizing both anti-angiogenic and
cytotoxic agents, and given the early results reported for
recurrent GBM with the combination of bevacizumab and
irinotecan [4], this study examined both CT-322 monotherapy
and CT-322 in combination with irinotecan.

Materials and methods

This was a Phase 2, two-part, open-label study in patients with
recurrent GBM for whom no standard therapy was available.

CT-322 Is a Specific and Potent Blocker of VEGFR-2
With a Distinct Mechanism of Action
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* CT-322, a PEGylated Adnectin, completely and specifically blocks VEGFR-2
signaling by all known VEGFR-2 activators (VEGF-A, -C, and -D)

* CT-322 specifically inhibits primary tumor angiogenesis pathway only

Fig. 1 CT-322 is a specific and potent blocker of VEGFR-2 with a
distinct mechanism of action. A PEGylated Adnectin, CT-322 completely
and specifically blocks VEGFR-2 signaling by all known VEGFR-2
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The study was approved by the Institutional Review Board of
each participating institution. Part 1 was the safety lead-in
portion of the study, and Part 2 was the efficacy portion. Part
1 assessed the initial safety of administering CT-322 with and
without irinotecan to patients with recurrent GBM in cohorts
ofup to four patients (Table 1). Safe was defined as: <1 patient
in a dose and schedule cohort of 4 evaluable patients experi-
enced an unacceptable toxicity event. Part 2 assessed the anti-
tumor efficacy of CT-322 with and without irinotecan. Planned
accrual for each Part 2 cohort was 21 patients. The initial CT-
322 dose for Part 2 was 1 mg/kg weekly. While Part 2 was
ongoing, clinical data from a phase 1 of CT-322 study became
available indicating that the maximum tolerated dose of CT-
322 was 2 mg/kg weekly [9]. Consequently, the protocol was
amended with enrollment into the initial randomized arms of
Part 2 (Arms A and B) suspended, and a 2 mg/kg safety lead-in
commenced with enrollment into Cohorts 3 and 4. Patients
previously assigned to receive 1 mg/kg CT-322 (Arms A and
B) continued to receive their assigned treatment regimen with-
out dose escalation. The irinotecan dose was 125 mg/m? intra-
venously every 2 weeks for patients not receiving enzyme-
inducing anti-epileptic drugs (EIAEDs) and 340 mg/m” every
2 weeks for patients receiving EIAEDs. During screening, all
patients were studied for the presence of the UDP-
glucuronosyltransferase 1A1 (UGT1A1)*28 polymorphism.
In order to minimize the risk of severe neutropenia, patients
who were homozygous for this polymorphism were only
assigned to a CT-322 monotherapy arm.

Eligible patients were at least 18 years of age with a histo-
logically confirmed diagnosis of a recurrent/progressive GBM
and presenting in first, second, or third relapse. Patients had to
have evidence of bi-dimensionally measurable recurrent or re-
sidual tumor on contrast-enhanced magnetic resonance imaging

Table 1 CT-322 dose assignment per cohort

CT-322 weekly Biweekly Patients
dose (mg) irinotecan accrued (n)
Cohort/arm
Part 1
1 1 No 5
2 1 Yes 4
3 2 No 4
4 2 Yes 6
Part 2
A 1 No 9
B 1 Yes 3
C 2 No 23
D 2 Yes 10

Two of the 66 enrolled patients were not allocated to treatment because
they were determined to be ineligible; additionally, 1 patient in the
2 mg/kg CT-322 group withdrew before receiving treatment

(MRI) and the ability to undergo serial contrast-enhanced MR
evaluations. Kamofsky performance status (KPS) >70 % and
adequate bone marrow, liver, and renal function were requisite.
Exclusion criteria included prior anti-VEGF therapy, CNS hem-
orrhage > grade 1, and full therapeutic anticoagulation.
Response was assessed with MRI performed after the first 4-
week cycle of therapy and repeated at 8-week intervals; confir-
mation of partial or complete response required confirmatory
evaluation with MRI 4 weeks later.

The randomized population included all patients enrolled
in Part 2 of the study (ie, Treatment Arms A-D). Patients who
were randomized in Part 2 were stratified for the following:
primarily refractory disease during first therapy or first recur-
rence versus second or third recurrence; KPS 70 % or 80 %
versus 90 % or 100 %; age <50 years versus >50 years.
Patients were analyzed according to the treatment they were
assigned to receive. The ITT population included all patients
enrolled in Part 1 and 2 who received any dose or part of a
dose of CT-322 with or without irinotecan. All patients in the
ITT sample were analyzed according to the treatment
assigned, in either the safety lead-in (Part 1, Cohorts 1-4) or
the randomized portion (Part 2, Treatment Arms A-D),
resulting in classification into 1 of 4 treatment groups: CT-
322 (1 mg/kg), CT-322 (1 mg/kg) + irinotecan, CT-322
(2 mg/kg), and CT-322 (2 mg/kg) + irinotecan. Efficacy
analyses were performed on the ITT population, and each
treatment group was independently evaluated for efficacy.
For each treatment group, the primary null hypothesis that
PFS-6 <12 % (p0) was tested against the alternative hypoth-
esis that PFS-6 >35 % (p1) using a Kaplan-Meier estimation.
The 1-sided « (type I error) was 0.025 and power (1-3) was
80 %. No alpha adjustment was made for multiplicity.

The primary efficacy endpoint was the rate of PFS-6.
Secondary endpoints included PFS-12, percent of patients
alive at 6 months and at 12 months, duration of PFS, duration
of OS, and ORR. Assessment of objective tumor response and
progression followed the Macdonald response criteria and was
based on bi-dimensional tumor measurements, clinical neuro-
logical assessment, and steroid dosing. Results of an indepen-
dent radiological and clinical oncology panel (IRC) constitut-
ed the primary analysis.

The safety population included all patients who received
any dose or part of a dose of CT-322 with or without
irinotecan. Safety variables included AEs, laboratory results,
vital signs, ECGs, and echocardiograms/MUGA, and were
summarized and presented by regimen.

The study was terminated prior to reaching the planned
enrollment for all treatment groups because data from the
completed CT-322 2 mg/kg monotherapy treatment arm re-
vealed insufficient efficacy; consequently, the sponsor decid-
ed to terminate the study for strategic reasons. At that time,
there were no safety concerns relative to CT-322 or CT-322 in
combination with irinotecan.

@ Springer



250

Invest New Drugs (2015) 33:247-253

Results

Sixty-six patients were enrolled between October 2007
and September 2010. Of these, two patients were not
allocated to treatment arms because they were found to
be ineligible upon central eligibility review; a third
patient withdrew consent after assignment to the CT-
322 arm but before initiating treatment. Thus, the study
population for safety and intent-to-treat analyses was 63
patients. Patient demographics and baseline disease/
treatment characteristics are recorded in Table 2; all
patients had received prior radiation and chemotherapy
and were naive to anti-VEGF therapy.

The primary efficacy endpoint was rate of PFS-6. Based on
independent review committee (IRC) assessment, the rate of

Table 2 Subject characteristics at study entry

PFS-6 in the combination therapy groups was 64.3 and 42.1 %
in the CT-322 1 mg/kg + irinotecan and CT-322 2 mg/kg +
irinotecan treatment groups, respectively, and in the mono-
therapy groups was 18.6 and 0.0 % in the CT-322 1 and CT-
322 2 mg/kg treatment groups, respectively. Objective re-
sponse rates were 0 % in both combination therapy groups,
3.8 % in the CT-322 2 mg/kg monotherapy group, and 14.3 %
in the CT-322 1 mg/kg monotherapy group. The PFS-6 of 0 %
in the CT-322 2 mg/kg monotherapy group, the only group
that reached the planned enrollment, indicated that the null
hypothesis that PFS-6 <12 % could not be rejected for this
treatment group (Table 3).

The majority of patients (93.7 % of safety population)
experienced at least 1 treatment-emergent AE (TEAE) during
the study; the most frequently reported TEAEs were fatigue,

CT-322 1 mg/kg CT-322 1 mg/kg + irinotecan  CT-322 2 mg/kg CT-322 2 mg/kg + irinotecan ~ Total
n=14 n=7 n=27 n=16 n=66 (enrollment) n=63 (ITT)
Stratification factors, n (%)
# of recurrences
Primarily refractory 9 (64.3) 4(57.1) 18 (66.7) 9 (56.3) 42 (63.6)
disease during 1st
therapy or 1st recurrence
2nd or 3rd recurrence 5(35.7) 3(42.9) 9(333) 7 (43.8) 24 (36.4)
KPS
70 % or 80 % 5(35.7) 4(57.1) 10 (37.0) 11 (68.8) 31 (47.0)
90 % or 100 % 9(64.3) 3(42.9) 17 (63.0) 5(31.3) 35(53.0)
Age
<50 3(214) 2 (28.6) 7(25.9) 4(25) 16 (24.2)
>50 11 (78.6) 5(71.4) 20(71.4) 12 (75) 50 (75.8)
UGT1A1*28 0 0 14 (51.9) 0 15(22.7)
homozygous, n (%)
Not UGT1A1*28 14 (100) 7 (100) 13 (48.1) 16 (100) 51(77.3)
homozygous, n (%)
Steroids at baseline 7, (%)
Yes 8(57.1) 7 (100) 12 (48) 14 (87.5) 41 (62.1)
No 6(42.9) 0 15(52) 2 (12.5) 25(37.9)
EIAED:s at baseline n, (%)
Yes 1(7.1) 1(14.3) 6(22.2) 2 (12.5) 10 (15.2)
No 13 (92.9) 6(85.7) 21(77.8) 14 (87.5) 56 (84.8)
Median age (range) 55.0 (44-68) 54.0 (42-61) 59.0 (29-77) 56.5 (33-74) 56.0 (29-77)
Gender, 1 (%)
Male 9(64.3) 6(85.7) 17 (63.0) 10 (62.5) 43 (65.2)
Female 5(35.7) 1(14.3) 10 (37.0) 6(37.5) 23 (34.8)
Extent initial surgery
Resection 11 7 24 11 53
Biopsy 3 0 2 5 10
Radiation therapy 14 7 26 16 63
# prior systemic chemotherapies
n 14 7 26 16 63
Median (range) 2.5 (1-5) 3 (14) 2 (14 2 (1-5)
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Table 3 Progression-free survival per independent review committee

Individual Treatment Groups

CT-322 1 mg/kg

n=14 n=7
6 months PFS (%) 18.6 64.3
12 months PFS (%) 18.6 64.3
Median PFS (mo) 14 14.0
Objective response rate (%) 14.3 0

Pooled Treatment Groups

Pooled monotherapy

n=40 n=23
6 months PFS (%) 12.0 48.0
12 months PFS (%) 12.0 329
Median PFS (mo) 1.8 8.8

CT-322 1 mg/kg + irinotecan

Pooled combination therapy

CT-322 2 mg/kg
n=26

0

0

1.8

3.8

Pooled 1 mg/kg patients
n=21

29.7

29.7

2.4

CT-322 2 mg/kg + irinotecan
n=16

42.1

22.4

4.1

0

Pooled 2 mg/kg patients 11
n=42

25.1

13.8

2.5

diarrhea, nausea and headache (Table 4). Overall, 58.7 % of
patients experienced at least one grade 3 or higher TEAE. A
total of 46 of 63 patients died. Of these, 6 (13.0 %) patients
died within 30 days after the end of study treatment. One death
was considered related to study treatment by the investigator
(intracranial hemorrhage).

A total of 21 (33.3 %) patients experienced serious AEs
(SAEs) during the study. Four patients overall experienced
SAEs considered possibly, probably, or definitely related to
study treatment: 2 patients with cerebral hemorrhage deemed
possibly related, and 2 patients each with 1 event of infusion-
related reaction, both definitely related.

The only TEAE leading to discontinuation for more
than 1 patient was infusion-related reaction (2 patients).
Four patients discontinued protocol therapy due to TEAEs
that were considered possibly related to study treatment; 1
of these patients was in the CT-322 1 mg/kg treatment

Table 4 Treatment-emergent adverse events

group (thrombocytopenia), 2 were in the CT-322 2 mg/kg
treatment group (headache and intracranial hemorrhage,
and intracranial hemorrhage), and 1 was in the CT-322
2 mg/kg +irinotecan treatment group (fatigue). Overall, 18
(28.6 %) patients experienced treatment-emergent hyperten-
sion. Other TEAESs of special interest were 3 events each of
non-CNS hemorrhage and increased lipase; 2 infusion-related
reactions as previously described; and 1 event each of venous
thrombosis in a limb, proteinuria, and duodenal ulcer perfora-
tion. No events of left ventricular systolic dysfunction, revers-
ible posterior leukoencephalopathy, pancreatitis, hypersensi-
tivity, or impaired wound healing occurred. No trend was
noted with respect to treatment group. Except for low absolute
lymphocyte count (grade 3, observed in 12 patients overall
[19 %]), few patients had severe abnormalities in hematology
and serum chemistry laboratory parameters while on study
treatment.

CT-322 1 mg/kg CT-322 1 mg/kg + irinotecan ~ CT-322 2 mg/kg CT-322 2 mg/kg + Pooled

Pooled combination  Total

irinotecan monotherapy  therapy
n=14 n=7 n=26 n=16 n=40 n=23 n=63
# pts with>1 SAE (%) 3 (21.4) 2 (28.6) 9 (34.6) 7(43.8) 12 (30.0) 9(39.1) 21(33.3)
# pts discontinued 3(21.4) 0 7 (26.9) 3(18.8) 10 (25.0) 3(13.0) 13 (20.6)
treatment 2° AE (%)
Total # SAEs 5 3 14 11 19 14 33
Most frequently reported (>20 % in any treatment group) treatment-related treatment-emergent adverse events
General disorders and administration site conditions
Fatigue (%) 5(35.7) 4(57.1) 9 (34.6) 6(37.5) 14 (35.0) 10 (43.5) 24 (38.1)
Gastrointestinal disorders
Diarrhea (%) 3(214) 4(57.1) 2(7.7) 3(18.8) 5(12.5) 7 (30.4) 12 (19.0)
Nausea (%) 2(14.3) 2 (28.6) 1(3.8) 6(37.5) 3(7.5) 8 (34.8) 11 (17.5)
Vascular disorders
Hypertension (%) 4 (28.6) 1(14.3) 6(23.1) 5(31.3) 10 (25.0) 6(26.1) 16 (25.4)
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Discussion

Recurrent or progressive glioblastoma following standard
therapy with radiotherapy and temozolomide represents a
major unmet need. Prior to bevacizumab, partial response
rates in this setting with standard and investigational agents
were well under 10 %, with PFS-6 rates under 15 % [10].
Bevacizumab, which received FDA approval in May 2009
while the current study was well underway, produces partial
responses in approximately one-quarter of patients with me-
dian progression-free survival on the order of 4 to 5 months [5,
6]. Despite the markedly improved response rates that
bevacizumab produces over previous therapies, its impact on
overall survival remains uncertain and likely very modest at
best. Thus, more effective therapies are urgently needed, and
targeting of the VEGF/VEGFR pathway remains of interest.

Scaffold-based molecules such as adnectins combine prop-
erties of small molecules and antibodies with affinity and
specificity similar to antibodies [11]. Improved tissue pene-
tration and low immunogenicity are other potential advan-
tages of adnectins [9]. CT-322 is a pegylated adnectin that
binds to human VEGFR2 with an affinity of 11 nM and has
preclinical antitumor activity [12]. When the current study
was initiated, an ongoing phase I study had demonstrated
safety with CT-322 in weekly doses of 1 mg/kg IV; that study
subsequently found an MTD of 2 mg/kg [9], leading to
amendment of the recurrent glioblastoma study protocol to
pursue this dose level.

CT-322 demonstrated a tolerable side effect profile.
Concerns of precipitating intratumoral hemorrhage, which
sometimes occurs spontaneously in glioblastoma, delayed
the initial study of anti-VEGF therapy in this VEGF-driven

Fig.2 MR scans from a 54-year-
old man treated with CT-322
Img/kg IV qw monotherapy
demonstrate a partial response
confirmed by the independent
radiology review committee

GAD T1, SPGR

2D FLAIR

tumor. The extent to which VEGF/R blockade increases this is
unknown, although in general the risk with bevacizumab
appears low and many of the bevacizumab-associated hemor-
rhages occur in the setting of anticoagulation [13]. Three
patients in the current study developed intracranial hemor-
rhage. Treatment-emergent hypertension, seen in 29 %, is a
class effect of VEGF/R-targeting agents [14] and was man-
ageable in this study population. Overall, with the exception
of infusion reactions, the observed adverse effects were those
expected from the class of angiogenesis inhibitors and no
other trends in adverse events appear related to treatment with
the adnectin.

Although CT-322 induced some radiographic re-
sponses and demonstrated an anti-edema effect
(Fig. 2), response rates were low and the PFS-6 rate
among the 26 patients in the 2 mg/kg monotherapy arm
was 0 %. While this study predated RANO criteria,
utilization of these updated response criteria would not
have led to superior response rates [15]. Thus, CT-322
can be considered an ineffective agent in recurrent glio-
blastoma. The reasons are uncertain; possible explana-
tions include: 1) CT-322 does not effectively block the
VEGFR-2 receptor clinically, 2) blocking the VEGF-2
receptor is not an effective way of altering VEGF-
driven angiogenesis in recurrent glioblastoma, or 3)
blocking VEGF-driven angiogenesis in any form is not
an effective way of treating glioblastoma. Dynamic
contrast-enhanced MRIs were performed in this study
at baseline, 24 h after the first dose of CT-322, and on
cycle 2, day 1 prior to administration of CT-322. Data
from the subset of patients available for analysis [16]
showed a modest albeit statistically insignificant

Scans From a 54-Year-Old Male Treated With CT-322 1

mg/kg IV qw Monothera‘pry’
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Confirmed partial response by IRC.
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reduction in K"™" at 24 h that did not persist at the
trough concentration time point, supporting the possibil-
ity that pharmacokinetics contributed to lack of efficacy.

This study’s findings confirm that for glioblastomas,
targeting VEGFR2 has proven more challenging than
targeting VEGF. As with cediranib [17] and cabozantinib
[18] in recurrent glioblastoma, despite encouraging evidence
that this new construct could inhibit angiogenic signals medi-
ated through VEGFR2, CT-322 failed to meet the prespecified
hurdle for efficacy in the absence of any clear safety signal.
Similarly, a randomized phase 2 study of paclitaxel/
carboplatin plus either bevacizumab or CT-322 in non-small
cell lung cancer suggested that despite anti-angiogenic activity
CT-322 did not improve outcomes and might be inferior [19].
Further comparisons of VEGFVEGFR-targeting agents may
help delineate the differences in targeting the receptor or the
ligand for optimal impact in glioblastoma and other
malignancies.

Tan Walters was employed by and owned stock in Bristol-
Myers-Squibb at the time of the study, and Bruce Silver was a
paid consultant to Bristol-Myers-Squibb and Adnexus. The
remaining authors report no conflict of interest.
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