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Phase Il study of cilengitide in the treatment
of refractory or relapsed high-grade gliomas
in children: A report from the Children's

Oncology Group

Tobey J. MacDonald, Gilbert Vezina, Clinton F. Stewart, David Turner,
Christopher R. Pierson, Lu Chen, lan F. Pollack, Amar Gajjar, and Mark W. Kieran

Department of Pediatric Hematology /Oncology, Aflac Cancer and Blood Disorders Center, Emory University
School of Medicine, Atlanta, Georgia (T.J.M.); Department of Radiology, Children’s National Medical Center, The
George Washington University School of Medicine, Washington, DC (G.V.); Department of Pharmaceutical
Sciences, St. Jude Children's Research Hospital, Memphis, Tennessee (C.F.S., D.T.); Department of Laboratory
Medicine, Nationwide Children’s Hospital, The Ohio State University College of Medicine, Columbus, Ohio
(C.R.P.); Statistics, Children's Oncology Group Operations Center, Arcadia, California (L.C.); Department of
Neurosurgery, Children’s Hospital of Pittsburgh of UPMC, Pittsburgh, Pennsylvania (I.F.P.); Department of Neuro-
Oncology, St. Jude Children’s Research Hospital, Memphis, Tennessee (A.G.); Department of Pediatric
Hematology /Oncology, Dana-Farber Children’s Hospital Cancer Center, Boston, Massachusetts (M. W.K.)

Background. Cilengitide, an av integrin antagonist, has
demonstrated activity in recurrent adult glioblastoma
(GBM). The Children’s Oncology Group ACNS0621
study thus evaluated whether cilengitide is active as a
single agent in the treatment of children with refractory
high-grade glioma (HGG). Secondary objectives were to
investigate the pharmacokinetics and pharmacogenomics
of cilengitide in this population.

Methods. Cilengitide (1800 mg/m?”/dose intravenous)
was administered twice weekly until evidence of disease
progression or unacceptable toxicity. Thirty patients
(age range, 1.1-20.3 years) were enrolled, of whom 24
were evaluable for the primary response end point.
Results. Toxicity was infrequent and mild, with the ex-
ception of one episode of grade 2 pain possibly related
to cilengitide. Two intratumoral hemorrhages were re-
ported, but only one (grade 2) was deemed to be possibly
related to cilengitide and was in the context of disease pro-
gression. One patient with GBM received cilengitide for
20 months and remains alive with continuous stable
disease. There were no other responders, with median

time to tumor progression of 28 days (range, 11-114
days). Twenty-one of the 24 evaluable patients died,
with a median time from enrollment to death of 172
days (range, 28-325 days). The 3 patients alive at the
time of this report had a follow-up time of 37, 223, and
1068 days, respectively.

Conclusions. We conclude thatcilengitide isnot effective
as a single agent for refractory pediatric HGG. However,
further study evaluating combination therapy with cilen-
gitideis warranted before a role for cilengitide in the treat-
ment of pediatric HGG can be excluded.

Keywords: childhood, cilengitide, high-grade glioma.

glioblastoma multiforme (GBM) and anaplastic as-
trocytoma (AA), typically have a dismal prognosis.
The 5-year progression-free survival (PFS) rates reported
from the Children’s Cancer Group (CCG)-945 phase 111
study, which compared the outcomes in children with
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Fig. 1. EFS among patients with pHGG enrolled in ACNS0621.
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Fig. 2. OS among patients with pHGG enrolled in ACNS0621.
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Cilengitide combined with standard treatment for patients
with newly diagnosed glioblastoma with methylated MGMT
promoter (CENTRIC EORTC 26071-22072 study):

a multicentre, randomised, open-label, phase 3 trial

Roger Stupp, Monika E Hegj, Thierry Gorlia, Sara C Erridge, James Perry, Yong-Kil Hong, Kenneth D Aldape, Benoit Lhermitte, Torsten Pietsch,
Danica Grujicic, Joachim Peter Steinbach, Wolfgang Wick, Rafat Tarnawski, Do-Hyun Nam, Peter Hau, Astrid Weyerbrock, Martin ] B Taphoorn,
Chiung-Chyi Shen, Nalini Rao, Lészlé Thurzo, Ulrich Herrlinger, Tejpal Gupta, Rolf-Dieter Kortmann, Krystyna Adamska, Catherine McBain,

Alba A Brandes, Joerg Christian Tonn, Oliver Schnell, Thomas Wiegel, Chae-Yong Kim, Louis Burt Nabors, David A Reardon, Martin J van den Bent,
Christine Hicking, Andriy Markivskyy, Martin Picard, Michael Weller, for the European Organisation for Research and Treatment of Cancer
(EORTC), the Canadian Brain Tumor Consortium, and the CENTRIC study team

Summary

Background Cilengitide is a selective avp3 and avf35 integrin inhibitor. Data from phase 2 trials suggest that it has
antitumour activity as a single agent in recurrent glioblastoma and in combination with standard temozolomide
chemoradiotherapy in newly diagnosed glioblastoma (particularly in tumours with methylated MGMT promoter).
We aimed to assess cilengitide combined with temozolomide chemoradiotherapy in patients with newly diagnosed
glioblastoma with methylated MGMT promoter.

Methods In this multicentre, open-label, phase 3 study, we investigated the efficacy of cilengitide in patients from
146 study sites in 25 countries. Eligible patients (newly diagnosed, histologically proven supratentorial glioblastoma,
methylated MGMT promoter, and age =18 years) were stratified for prognostic Radiation Therapy Oncology Group
recursive partitioning analysis class and geographic region and centrally randomised in a 1:1 ratio with interactive
voice response system to receive temozolomide chemoradiotherapy with cilengitide 2000 mg intravenously twice
weekly (cilengitide group) or temozolomide chemoradiotherapy alone (control group). Patients and investigators
were unmasked to treatment allocation. Maintenance temozolomide was given for up to six cycles, and cilengitide
was given for up to 18 months or until disease progression or unacceptable toxic effects. The primary endpoint was
overall survival. We analysed survival outcomes by intention to treat. This study is registered with ClinicalTrials.gov,
number NCT00689221.

Findings Overall, 3471 patients were screened. Of these patients, 3060 had tumour MGMT status tested; 926 patients
had a methylated MGMT promoter, and 545 were randomly assigned to the cilengitide (n=272) or control groups
(n=273) between Oct 31, 2008, and May 12, 2011. Median overall survival was 26-3 months (95% CI 23-8-28-8) in the
cilengitide group and 26-3 months (23-9-34.7) in the control group (hazard ratio 1-02, 95% CI 0-81-1-29, p=0-806).
None of the predefined clinical subgroups showed a benefit from cilengitide. We noted no overall additional toxic
effects with cilengitide treatment. The most commonly reported adverse events of grade 3 or worse in the safety
population were lymphopenia (31 [12%] in the cilengitide group vs 26 [10%)] in the control group), thrombocytopenia
(28 [11%)] vs 46 [18%)]), neutropenia (19 [7%)] vs 24 [9%]), leucopenia (18 [7%] vs 20 [8%]), and convulsion (14 [5%] vs
15 [6%)]).

Interpretation The addition of cilengitide to temozolomide chemoradiotherapy did not improve outcomes; cilengitide
will not be further developed as an anticancer drug. Nevertheless, integrins remain a potential treatment target for

glioblastoma.

Funding Merck KGaA, Darmstadt, Germany.
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Cilengitide in glioblastoma: when did it fail?

Angiogenesis and invasion are both crucial for tumour
growth, although more anti-angiogenic drugs have
been developed than have drugs with mainly anti
Invasive propertles. Integrins are a large family of
molecules involved in signalling between cells and
stromal components, implicated in various processes
including tumour angiogenesis and invasion. Many of
ther receptors are active in both normal and cancerous
celf; these molecules are therefore challenging to target
The integein avB3, involved in angiogenesis in addition
to cell migration and proliferation, is expressed at low
levek: i cells

melanoma, breast, prostate, and pancreatic cancer cels
i

group; hazard ratio 102, 95% CI 0-81-1-29, p=0-86).
Additionally, progression-free survival analysis did not
detect any activity that could have been diluted in the
survival analysis. Although disappointing at this stage
of , these results the lack of

tumour-associated endothelial cell apoptosis seem
small and heterogeneous In preclinical madels,
the value of adding clengitide to radiotherapy and
temozolomide was inconsistent.** A recent exploratory
analysis of 21 patients with glicblastoma treated with
radiotherapy, temozolomide, and cilengitide did not
detecta change in pattern of progression compared with
historical controls, suggesting a lack of anti-invasive
properties of the drug.* Whether these findings would
be supported by further analysis of the larger dataset
of this phase 3 trial is unknown. Moreover, similar to
other anti-angiogenic drugs, na reliable biamarker of
cilengitide activity has been identified to help isolate
the signal of activity, Unfavourable pharmacokinetics
of the drug might also partly explain these negative
results. Cilengitide has a short half-life of about 2-4 h,
which might be suboptimum to fulfil an appropriate
anti-angiogenic pressure. Another consequence of the
pharmacokinetic properties of cilengitide was that it
required intravenous administration twice weekly for
patients, hardly suitable for lengthy administration,
particularly in the first-line treatment setting

As stated by Stupp and colleagues, a challenging
guestion that comes from these negative results is
why the signal of antitumour activity of cile d

compared with patients with vnmethylated MGMT
promater? However, to my knowledge, no hiological
data have documented an association between MGMT
status and integrin biclogy. Moreover, findings from
in-vitro studies have suggested that MGMT daes not
change the response of glioma cells ta cilengitide,
subsequently confirmed in another phase 2 study in
which the survival signal of cilengitide activity was noted
irrespective of MGMT status.*® Tailoring of therapy
to patients’ individual profiles has generated many
achievements (and reached some limits) in oncology
in recent years. However, hecause development of a
new agent based on a biomarker needs substantial
effort (as reflected, partly, by the fact that only 16% of
patients screened were randomly assigned), we should
rely on both substantial preclinical research and clinical
knowledge for the design of future large registration
phase 3 trials based on biomarkers.

Olivier L Chinot

Aix-Marseille University, AP-HM, Department of Neuro-Oncology,
CHUTimone, 13005 Marseille, France

olivierchinot@ap-hm fr
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naoted in phase 1 and 2 programmes did not translate
into the findings of this phase 3 trial. By contrast with
previous trials of cilengitide in pancreatic, prostate, and
head and neck cancers, the three phase 2 trials done in
liobl. did not have a control group without

activity of the drug as reported in randomised phase 2
trials in other cancers, leading the drug manufacturer to
halt further development of the compound as a
cancer treatment

After such a large effort from all parties, including
patients, on a study that benefited from callaboration
between industry and academia, how can we interpret
these results? First, although the avfi3 integrin is

Cilengitide, one of the few anti P
to date, selectively inhibits avp3 and avBs. In The
Lancet Oncology, Roger Stupp and colleagues' report
the negative results of the CENTRIC phase 3 trial,
which assessed the benefit of dlengitide addition 10
standard care (radiotherapy with concomitant and
adjwvant temozolomide chemotherapy) in patie
with newly diagnosed This. trial was

present and pressed in targeting
of this molecule Is complex because of the dose-
dependent opposing effects of cllengitide: low doses
have been reported ta stimulate blood vessel growth

and tumour by contrast t

cilengitide™ In recurrent glioblastoma, the signal of
activity came from a modest 6-month progression-free
survival of 15% and a radiographic response rate of 13%
(both reported with a cilengitide dose of 2000 mg)’
In patients with newly diagnosed glioblastoma, the
signal of activity was interpreted in a small subgroup
of patients (n=23) and subsequently compared with a
historical non
study, despite a substantially higher signal of activity
in recurrent  glioblastoma,  bevacizumab

contemporary control group.® In another

increased

higher doses? The two dosing schedules of 500 mg and
2000 mg that have been used in trials of clengitide in

restricted to patients whase tumour had methylated
MGMT promoter, an impartant favourable prognostic
factor. Overall survival was similar in both groups
(263 months [95% (I 238-288] In the cllengitide
group vs 263 months [239-347] In the control

jht not fully reflect the compk

this dual effect. Secand, metabolic imaging and tissue
analysis support the suggestion that dlengitide reaches
its target; however, little is known about the biological
effect of the drug on tumour vasculature or invasiveness
in patients. The effects on tumour cell apoptosis and

prog -free survival but nat overall survival in
patients with newly diagnosed tumours, underlining the
challenge of improving first-line treatment of patients
with glioblastoma *

This trial was restricted to patients with methylated
MGMT promoter, based mainly on a slightly increased
indication of dilengitide activity in this subgroup

the Canadian Brasn
aned the CENTRIC stuxly tearm. Clengitide combinedwith standasd

MIGHAT promoter (CENTRIC EORTE 2607122072 study} a muticentre,
randommised, open-labe, phase 3 trial Lancet Oneal 2014; publishad oniine
Ay 20, e o ol 10.1016/51470-2045(14170379-1.
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low doses : stimulate blood vessel growth and tumor angiogenesis

high doses:contrast with inhibition
little is known about the biological effect of the drug on tumor vasculature or
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Does cilengitide deserve
another chance?
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See the editorial by Mason, on pages 634-635.

Background. Survival outcomes for patients with glioblastoma remain poor, particularly for patients with unmethylated 0%-meth-
ylguanine-DNA methyltransferase (MGMT) gene promater. This phase 11, randomized, open-label, multicenter trial investigated the
efficacy and safety of 2 dose regimens of the selective integrin inhibitor cilengitide combined with standard chemoradiotherapy in
patients with newly diagnosed glioblastoma and an unmethylated MGMT promoter.

Methods. Overall, 265 patients were randomized (1:1:1) to standard cilengitide (2000 mg 2x/wk; n= 88), intensive cilengitide
(2000 mg 5x/wk during wk 1-6, thereafter 2x/wk; n=88), or a control arm (chemaradiotherapy alone; n = 89). Cilengitide
was administered intravenously in combination with daily temozalomide (TMZ) and concomitant radiotherapy (RT; wk 1-6), fol-
lowed by TMZ maintenance therapy (TMZ/RT—TMZ). The primary endpoint was overall survival, secondary endpoints included
progression-free survival, pharmacokinetics, and safety and tolerability.

Results. Median overall survival was 16.3 months in the standard cilengitide arm (hazard ratio [HR], 0.686; 95% Cl: 0.484, 0.972;
P=.032) and 14.5 months in the intensive cilengitide arm (HR, 0.858; 95% CI: 0.612, 1.204; P=.3771) versus 13.4 months in the
control arm. Median progression-free survival assessed per independent review committee was 5.6 months (HR, 0.822; 95% CL:
0.595, 1.134) and 5.9 months (HR, 0.794; 95% CI: 0.575, 1.096) in the standard and intensive cilengitide arms, respectively, versus
4.1 months in the control arm. Cilengitide was well tolerated.

Conclusions. Standard and intensive cilengitide dose regimens were well tolerated in combination with TMZ/RT—TMZ. Inconsis-
tent overall survival and progression-free survival outcomes and a limited sample size did not allow firm conclusions regarding
clinical efficacy in this exploratory phase 1T study.

Keywords: cilengitide, newly diagnosed glioblastoma, randomized phase 11 study, unmethylated MGMT promoter.
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Fig. 2. Kaplan-Meier estimate for OS in the 3 treatment arms of the CORE phase II study. CIL, cilengitide; int, intensive.



Table 2. Treatment-emergent adverse events (safety population)

Standard Intensive Control
Cilengitide  Cilengitide  Arm
Arm Arm (n=285)
(n=2899) (n=281)
TEAEs, n (%)
All 88 (98.9) 80 (98.8) 82 (96.5)
Study treatment®-related 70 (78.7) 64 (79.0) 56 (65.9)
Serious TEAEs, n (%)
All 47 (52.8) 36 (44.4) 30 (35.3)
Study treatment*-related 13 (14.6) 4 (4.9) 5(5.9)
NCI-CTCAE grade 3 or 4 TEAEs, n (%)
All 57 (64.0) 47 (58.0) 45 (52.9)
Study treatment®-related 25 (28.1) 19 (23.5) 17 (20.0)
TEAEs leading to death, n (%)
All 8 (9.0) 8 (9.9) 5 (5.9)
Study treatment® - related 2 (2.2) 2 (2.5) 1(1.2)

Abbreviation: NCI-CTCAE, National Cancer Institute’s Common
Terminology Criteria for Adverse Events.

“Includes 3 patients who were randomized to cilengitide intensive
treatment but actually received cilengitide standard treatment; they
were therefore allocated to the cilengitide standard treatment group

for the safety population.
PCilengitide, radiotherapy, or temozolomide.
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