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Summary 

Cilengitide, a cyclicized RGD-containing pentapeptide, potently blocks αvβ3 and αvβ5 integrin 

activation. Integrins are upregulated in many malignancies and mediate a wide variety of tumor-stroma 

interactions. Cilengitide and other integrin-targeting therapeutics have preclinical activity against many 

cancer subtypes including glioblastoma (GBM), the most common and deadliest central nervous system 

(CNS) tumor. Cilengitide is active against orthotopic GBM xenografts and can augment radiotherapy and 

chemotherapy in these models. In phase I and II GBM trials, cilengitide and the combination of 

cilengitide with standard temozolomide (TMZ) and radiation demonstrate consistent anti-tumor activity 

and a favorable safety profile. Cilengitide is currently under evaluation in a pivotal, randomized phase III 

study (CENTRIC) for newly diagnosed GBM. In addition, randomized, controlled phase II studies with 

cilengitide are ongoing for non-small cell lung cancer and squamous cell carcinoma of the head and neck. 

Cilengitide is the first integrin-inhibitor in clinical phase III development for oncology. 

 

Introduction 

The annual incidence of GBM in the United States is approximately 3.15 cases per 100,000 [1]. 

Extrapolation of this rate to the current global population (6.8 billion) projects that more than 210,000 

GBM patients will be diagnosed worldwide each year. Despite aggressive, multimodality therapy, 

outcome for GBM patients remains dismal.  Specifically, the current standard of care, including 

maximum safe resection followed by radiation and temozolomide chemotherapy (XRT/TMZ), is 

associated with a median overall survival (OS) of 14.6 months and a 5-year survival rate of only 10% [2, 

3]. Recurrence remains nearly inevitable and salvage therapies have historically achieved limited benefit 

[4-6]. However, in May, 2009, the USA Food and Drug Administration  granted accelerated approval to 

bevacizumab, a humanized monoclonal antibody targeting vascular endothelial growth factor (VEGF), for 

recurrent GBM based on durable radiographic responses [7, 8].  Of note, bevacizumab achieved  an OS  

of 8-10 months in these studies, which is similar to the results of single agent cilengitide in the recurrent 
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setting [9]. Nonetheless, more effective therapies for newly diagnosed as well as recurrent GBM patients 

remain desperately needed. 

 

Integrins, a 24 member family of heterodimeric transmembrane receptors composed of paired alpha 

and beta subunits, regulate cell-to-cell and cell-stroma interactions. Based on their respective alpha and 

beta chain pairings, integrins bind specifically to key components of the extracellular matrix, including 

vitronectin, fibronectin, laminin, fibroblast growth factor, matrix-metalloproteinase (MMP)-2, 

thrombospondin, osteopontin, collagen, fibrin and fibrinogen. Integrin binding can be redundant in that 

more than one integrin can bind to the same ligand, as well as promiscuous, in that most integrins can 

bind multiple ligands. Although integrins lack intrinsic kinase activity, ligand binding activates integrins 

to form focal adhesion complexes in the cell membrane, composed of clusters of integrins with signaling 

and adapter proteins [10]. These complexes recruit focal adhesion kinase which autophosphorylates and 

then activates downstream intracellular signaling pathways including the NF-κB [11, 12], PI3/Akt[13], 

SRC[14] and ras/MAPK kinase [15, 16] cascades.  

 

Integrins, especially alpha v integrins, are attractive therapeutic targets for malignant glioma [17] and 

other malignancies because they regulate a diverse array of critical tumor behaviors including cell 

signaling, survival proliferation, invasion and angiogenesis[18]. Integrins play a particularly important 

role in tumor cell invasion and migration [19-22]. Activated integrins in focal adhesion complexes 

regulate remodeling of the intracellular actin cytoskeleton which directs cytoplasmic flow, while ligand 

binding by the extracellular component of integrins provides traction to direct cell movement [10]. The 

activation of integrins by ligand binding also generates critical intermediaries in several aspects of the 

host tumor response including angiogenesis, pericyte recruitment with stabilization of tumor vasculature, 

as well as the infiltration and activation of myeloid cells, bone marrow derived precursors, fibroblasts and 

platelets into the tumor microenvironment [18, 23-26]. Integrins have also recently been implicated in 

several aspects of tumor stem cell biology. Specifically, integrin expression characterizes some stem cell 
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populations [27, 28], and integrins can regulate the maintenance of stem cell subpopulations [29] as well 

as the expression of some stem cell markers [30]. In particular, the α6 integrin is an important regulator of 

GBM stem cells[31]. Another recently identified aspect of GBM biology involving integrins is the 

regulation of HIF-1α and tumor hypoxia, a critical regulator of tumor therapeutic response [32]. Based on 

the numerous and diverse repertoire of integrin activities in cancer biology, agents that can selectively 

block integrin activity offer multiple mechanisms of potential anti-tumor activity. Furthermore, integrin 

targeting may also potentially enhance the actions of many types of cancer therapeutics including 

radiation therapy, cytotoxic chemotherapy, cell signaling inhibitors, immunotherapeutics, vascular 

targeting agents and anti-angiogenics.  

 

Cilengitide potently and selectively blocks activation of the αvβ3 and αvβ5 integrins, which are 

upregulated in several cancers including GBM [33-35]. Preclinical studies demonstrate that cilengitide 

monotherapy has anti-tumor activity in xenograft tumor models and cilengitide can augment the activity 

of radiation and chemotherapy, including TMZ [36-40]. Cilengitide monotherapy and the combination of 

cilengitide with standard temozolomide (TMZ) and radiation have demonstrated consistent anti-tumor 

activity as well as a highly favorable safety profile across a spectrum of phase I and II clinical trials for 

both recurrent and newly diagnosed GBM patients [9, 41-44]. Cilengitide is currently being evaluated in a 

multi-national, randomized, pivotal phase III study (CENTRIC) for newly diagnosed GBM patients with 

methylation of the methylguanine-methyltransferase (MGMT) gene promoter. 

 

Overview of the market 

Effective therapy for patients with GBM, the most common, primary malignant CNS tumor among adults, 

remains a major challenge in oncology. Standard treatment for newly diagnosed patients includes 

maximum safe resection when feasible followed by daily involved field external beam radiotherapy to 

approximately 60 Gy with concomitant TMZ chemotherapy, and then 6 months of adjuvant TMZ. In a 

pivotal randomized trial, this therapeutic approach led to a median OS of 14.6 months and a 5-year 
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survival rate of 10% [2, 3]. Some of the DNA damage induced by TMZ is repaired by MGMT, a 

ubiquitous DNA repair protein [45]. Approximately 40% of tumors from newly diagnosed GBM patients 

demonstrate methylation of the MGMT gene promoter, leading to relative silencing of gene expression 

and protein production [46].  Retrospective analysis of MGMT methylation status demonstrated that 

patients whose tumor have an unmethylated MGMT promoter derive minimal benefit from the addition of 

TMZ to radiotherapy [47]. Prospective evaluation of the impact of MGMT methylation is pending 

analysis of a recently completed phase III study for newly diagnosed GBM patients (RTOG 0525/EORTC 

26052 Intergroup Study). At recurrence, treatment options are limited and offer modest benefit and no 

treatment has demonstrated significantly improved overall survival in a randomized controlled trial.  

Recent meta-analyses of salvage regimens demonstrate rates of overall radiographic response and 

progression-free survival at six months of only 5-10% [4, 5]. Therefore there remains a critical need to 

identify novel agents with anti-tumor activity for both newly diagnosed and recurrent GBM patients. 

 

Several factors likely undermine the efficacy of therapeutic agents directly targeting GBM tumors, 

including molecular genetic heterogeneity across and within tumors, complex and redundant activation of 

intracellular signaling pathways regulating proliferation, invasion, angiogenesis and survival, genetic 

instability leading to high rates of de novo and acquired resistance mechanisms, and restricted delivery of 

pharmacologic agents into the CNS and tumor microenvironment due to the blood-brain-barrier and high 

interstitial fluid pressures within the tumor mass [48]. In contrast, targeting factors in the tumor 

microenvironment may prove less susceptible to these limitations. Targeting vascular endothelial growth 

factor (VEGF) and integrins are prototypic examples of factors that play key roles in the tumor 

microenvironment and are the focus of much recent clinical investigation. 

 

GBM are highly vascularized tumors and VEGF is a leading regulator of GBM angiogenesis [49-54]. 

VEGF-directed therapies exert a marked anti-tumor effect in orthotopic, GBM xenograft models [55, 56]. 

Initial clinical studies confirmed that the humanized anti-VEGF monoclonal antibody bevacizumab could 
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be safely administered to brain tumor patients and was associated with encouraging rates of clinical and 

radiographic improvement in recurrent GBM patients [57, 58]. Two follow-up studies that incorporated 

stringent, independent radiographic review confirmed these findings and were the basis of accelerated 

approval of bevacizumab by the US Food and Drug Administration (FDA) for recurrent GBM in 2009. 

These studies included a single-arm phase II trial of bevacizumab monotherapy for heavily pre-treated, 

recurrent GBM patients [8] and a multi-center, phase II study that randomized GBM patients at first or 

second recurrence to either bevacizumab monotherapy or bevacizumab plus irinotecan [7]. The rates of 

radiographic response and progression-free survival at six months (PFS-6) in these studies were 

approximately 28-35% and 29-43%, respectively. Of note, the European Medicinal Agency voted to deny 

approval based on these data primarily due to the lack of a non-bevacizumab control arm[59]. However, 

randomized, controlled clinical trials with bevacizumab are planned to be initiated by the EORTC in 2011 

for patients with recurrent GBM and recurrent grade II-III gliomas, respectively. 

 

Angiogenesis has also been targeted in GBM using a variety of VEGF receptor (VEGFR2) tyrosine 

kinase inhibitors (TKIs), most of which also inhibit other relevant receptor TKIs including PDGFR, FGF, 

c-met and c-KIT. Cedarinib, a TKI targeting VEGFR2, c-KIT and PDGFR, demonstrated evidence of 

anti-tumor benefit in a multi-center phase II study when administered as a single agent [60]. However, a 

pivotal, randomized phase III study of cediranib alone or in combination with lomustine (CCNU), 

recently reported that single agent cediranib  or cediranib with lomustine (CCNU) failed to prolong PFS 

compared to CCNU alone [61]. Pazopanib and sunitinib, two additional multi-targeted VEGFR TKIs, 

were recently demonstrated to have limited single agent activity among recurrent malignant glioma 

patients[62] [63]. Evaluation of VEGF/VEGFR inhibitors is also underway for newly diagnosed GBM 

patients including two, randomized, multi-national, placebo-controlled, phase III studies randomizing 

patients to either standard XRT/TMZ plus placebo or XRT/TMZ plus bevacizumab.  
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Several additional agents are also being evaluated in ongoing clinical trials for newly diagnosed GBM 

patients. A phase III study evaluating CDX-110, a peptide vaccine targeting the epidermal growth factor 

receptor vIII mutant (EGFRvIII) was initiated based on supportive preclinical data [64, 65], as well as 

encouraging overall survival achieved in a single-arm study of newly diagnosed GBM patients [66]. 

However the study discontinued prematurely due to a high rate of drop out among patients who 

randomized to standard therapy without the vaccine. A follow-up phase III study that includes a blinded 

placebo control group is under consideration. This study will only include patients with tumors that 

express EGFRvIII, which typically includes 30-40% of the GBM population [67, 68]. Finally, a phase III 

study was recently initiated to evaluate the use of an electromagnetic field generating device (Novocure) 

based on modest anti-tumor benefit observed among heavily pre-treated recurrent GBM patients [69]. 

 

Integrins, and especially integrins αvβ3 and αvβ5, are widely expressed by many varied cell types in 

the tumor microenvironment including endothelial cells, pericytes, infiltrating myeloid cells, monocytes, 

bone marrow derived precursor cells and fibroblasts [18]. In addition, many tumors directly express 

integrins. For example, GBMs frequently express αvβ3 and αvβ5 integrins [33, 35, 70, 71]. Furthermore, 

multiple integrin ligands are abundantly expressed in the GBM microenvironment [72-74]. Integrin 

activation via ligand binding is associated with several critical aspects of tumor biology, including growth 

factor signaling, proliferation, survival, invasion, angiogenesis, and the host tumor response [18]. Thus, 

blocking integrins may lead to multifaceted mechanisms of anti-tumor activity.  

 

There are four classes of integrin targeting therapeutics currently in clinical evaluation including 

monoclonal antibodies, peptidomimetic and non-peptidomimetic molecules as well as miscellaneous 

(Table 1). Monoclonal antibodies (MAbs) directed against the extracellular domain can effectively block 

the ligand binding site of integrins. Several integrin-targeting MAbs are in advanced clinical evaluation 

including the following: etaracizumab (MEDI-522; Abegrin; MedImmune), a MAb that specifically 

targets αvβ3; intetumumab (CNTO 95; Centocor, Inc. Malvern, PA), a humanized MAb targeting the αv 
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extracellular domain; DI-17E6 (EMDSerono, MerckKGaA, Darmstadt, Germany), a de-immunonized 

Mab that targets the αv extracellular domain; and volocixumab (M200; PDL BioPharma, Incline Village, 

NV, USA and Biogen Idec, Weston, MA, USA), a chimeric MAb that targets α5β1, an integrin 

particularly associated with tumor angiogenesis [75]. Of note, phase I studies in advanced solid tumor 

patients with each of these MAbs confirmed their overall safety and lack of “class-associated” toxicities; 

in fact, a maximal tolerated dose (MTD) could not be identified in any of these dose-escalation trials. In 

addition, evidence of anti-tumor activity was observed despite the dose escalation study design [76-78]. 

Only one phase II study has been reported with these agents to date, [79] but several phaseI/II studies are 

ongoing in many solid tumor types including melanoma as well as colorectal, prostate, pancreatic and 

ovarian cancers. 

 

A second class of integrin inhibiting therapeutics is the small peptidomimetic molecules that include 

short peptide sequences to specifically block ligand/integrin binding sites. Several examples of this class 

compete for the arginine-glycine-aspartic acid (RGD) peptide sequence that regulates binding of ligands 

such as vimentin and fibronectin to specific integrins including the αv-containing integrins and α5β1. Of 

note, cyclization of the RGD binding inhibitors enhances stabilization by 10-100 fold compared to the 

open ring peptides [80]. Several of these inhibitors are in early clinical development. Of note, 18F-labeled 

glycosylated Arg-Gly-Asp peptide ([18F]Galacto-RGD) positron emission tomography (PET) has been 

demonstrated to be feasible in recurrent GBM patients and tracer uptake correlated with 

immunohistochemical αvβ3 integrin expression of corresponding tumor samples [81]. 

 

Non-peptidomimetics represent the third class of integrin inhibitors, many of which are orally 

bioavailable due to lack of peptide bonds. Several of these agents are in preclinical and early clinical 

evaluation. In addition, a few miscellaneous agents that can suppress integrin activity are in clinical 

development. 
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Introduction to the compound 

Cilengitide, (EMD 121974), a cyclized RGD-containing pentapeptide that selectively and potently blocks 

activation of the αvβ3 and αvβ5 integrins [82], is manufactured by Merck KGaA, Darmstadt, Germany. 

  

Chemistry 

Cilengitide is the inner salt of the cyclized pentapeptide c-[Arg-Gly-Asp-DPhe-(NMeVal)].  Its chemical 

formula is C27H40N8O7 (Figure 1). Cilengitide has a molecular weight of 588.7 atomic mass units. 

Cilengitide is formulated as a sterile aqueous solution provided in glass vials for intravenous 

administration. 

 

Pharmacokinetics and metabolism 

The primary pathway for cilengitide excretion is renal. Using 
14

C-labeled cilengitide in Cynomolgus 

monkeys, approximately 90% of the injected radioactivity was detected in the urine as unchanged drug in 

less than 72 hours. 

 

Results from a number of clinical trials reveal consistent pharmacokinetic measures [42, 44, 83-85]. 

Maximal plasma concentrations are in general reached within one hour post-dose (i.e. at the end of 

infusion) and the elimination half-life is approximately 3-5 hours. In phase I studies, no changes in 

clearance, Vss and t1/2 were observed across dose levels; Cmax and AUC0-∞ values increased 

proportionally over the entire range of tested doses, indicating that cilengitide exhibited linear 

pharmacokinetics. Mean volumes of distribution ranged from 33 to 56 L, and the mean clearance ranged 

from 5.72 to 9.62 L/hour. PK parameters after repeated dosing were similar to those after the first dose, 

indicating a lack of accumulation. There are no obvious differences in cilengitide pharmacokinetic 

parameters when administered per body surface area compared to flat dosing [42, 43]. No 

pharmacokinetic interaction was observed when cilengitide was co-administered with either TMZ [43] or 

CYP3A-enzyme inducing anti-epileptics [42]. 
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Evaluation of 30 GBM tumor samples resected after prior treatment with cilengitide (doses 

administered  preoperatively 8, 4 and 1 day before surgery, revealed that cilengitide reached the tumor 

tissue of GBM patients. There was a trend to higher exposure with higher dose; specifically cilengitide 

concentrations of 400 ng/gram of tumor were noted for patients treated at the 500 mg dose level and 1190 

ng/gram for patients who received 2000 mg doses [86]. At the same time points, cilengitide was no longer 

detectable in the plasma in most patients, however, for patients with detectable plasma concentrations, the 

calculated tissue to plasma ratios were 1.83 for the 500 mg dose and 4.17 for the 2000 mg dose. The intra-

tumor cilengitide concentrations measured 24 hours after last administration of the 2000 mg dose were in 

the concentration range for tumor inhibition predicted by pre-clinical models. 

  

Data from individual adult GBM patients treated with 500 mg and 2000 mg cilengitide doses revealed 

CSF concentrations of approximately 1/100 of that achieved in plasma. Again, patients treated at the 2000 

mg dose level had CSF levels in the range for tumor inhibition predicted by pre-clinical models. 

Maximum cilengitide CSF levels were obtained approximately 2 hours after those in the plasma, and the 

CSF profiles indicated a prolonged half-life of cilengitide in the CSF compared to plasma [9].  

 

Pharmacodynamics and preclinical studies 

Cilengitide binds with 1:1 stoichiometry to αvβ3 with a KD of 28nM (Cilengitide, Investigator’s 

Brochure, Version 11.0). Cilengitide blocks binding of vitronectin to isolated αvβ3 and αvβ5 with an IC50 

of 4 and 79 nM, respectively [87, 88]. Cilengitide inhibits vitronectin/integrin binding with an IC50 of 0.4  

µm in cell adhesion assays using M21 and UCLA-P3 human melanoma cell lines, respectively [87]. In 

contrast, cilengitide has no effect on cell adhesion mediated by the α1β1, α2β1, or α5β1 integrins, nor 

does it affect fibrinogen binding to the platelet glycoprotein IIbIIIa receptor, providing support for its 

target selectivity [87]. 
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The anti-angiogenic activity of cilengitide has been demonstrated in the rabbit cornea retina and 

chicken chorioallantoic membrane models [88-90]. It also blocks proliferation and differentiation of 

human umbilical vein endothelial cells as well as human endothelial precursor cells [91, 92] and can 

induce endothelial cell apoptosis [93]. However, cyclic RGD-peptidomimetics can exert a biphasic effect 

on αvβ3 activity including antagonism at high concentrations and agonism at low concentrations [94]. 

Along these lines, a recent report demonstrated that use of an osmotic minipump to deliver sustained 

nanomolar concentrations of RGD-mimetic integrin inhibitors promoted angiogenesis and tumor growth 

in B16F0 melanoma and LLC lung carcinoma cells grown subcutaneously in syngeneic C57BL6 mice 

[95]. However, exposure to micromolar concentrations of integrin inhibitors, which are typically achieved 

following pulse dosing in ongoing clinical trials, inhibits angiogenesis as measured by either microvessel 

sprouting of mouse aortic rings incubated with VEGF or by quantification of tubule formation in a 

fibroblast-HUVEC co-culture model.  

 

Cilengitide has demonstrated preclinical single-agent anti-tumor activity against melanoma[96] and 

orthotopic brain tumor xenografts [36, 71], which may be due to apoptosis induced by tumor cell 

detachment [71]. Recent preclinical work has focused on the clinical observation that MGMT methylated 

tumors tend to respond positively to cilengitide combined with XRT/TMZ compared to MGMT 

unmethylated tumors [43]. In these experiments, targeted alteration of MGMT expression in genetically 

engineered cell lines did not affect cilengitide activity [37], suggesting that the beneficial effect of 

cilengitide may be more related to its effect on the tumor microenvironment such as normalization of 

tumor vasculature to improve TMZ delivery or by exerting a stronger synergy with XRT/TMZ in 

chemosensitive tumors compared to chemotherapy-insensitive tumors. Finally, cilengitide has been 

shown to potentiate the anti-tumor activity of chemotherapy and radiation therapy in preclinical tumor 

models including GBM [37-40, 93, 97]. 

 

Clinical efficacy 
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Phase I studies 

Table 2 highlights some of the clinical studies conducted to date with cilengitide in oncology; however, 

this review will focus primarily on studies targeting primary CNS tumors. The initial phase I trials of 

cilengitide prioritized the evaluation of safety and toxicity with secondary pharmacokinetic and 

correlative endpoints.  An initial phase I study enrolled 37 patients with advanced solid tumors [85]. 

Cilengitide was administered intravenously over one hour twice weekly. In this study, no dose limiting 

toxicities (DLT) were observed and the MTD was not determined despite an escalation of cilengitide 

dosing in successive cohorts from 30 mg/m
2
 up to 1600 mg/m

2
.  Dose-dependent pharmacokinetics were 

observed and, as expected, increased in a dose proportional manner.  Of note, the systemic exposure 

achieved at 120 mg/m
2
 and above was within the concentration range for tumor inhibition predicted by 

pre-clinical models.  An examination of serum angiogenic factors was also performed but failed to 

establish a pharmacodynamic correlation with stable or progressive disease.   Three patients achieved 

stable disease but there were no objective radiographic responses. 

 

Novel endpoints incorporating correlative assessments to determine biological activity were evaluated 

in a second phase I study in advanced solid tumor patients [83].  In this study cilengitide was again 

administered twice weekly as a 1-hour infusion beginning at a dose level of 120 mg/m
2
. Despite an 

escalation of the dose to 2400 mg/m
2
, no DLTs were observed and no MTD was identified. Endothelial 

cell apoptosis, gene expression profiles, systemic angiogenic factor measurements, and tumor tissue mean 

vessel density were assessed as potential biologic endpoints; however, none of these measures reliably 

predicted anti-tumor activity.  

 

A phase I study of cilengitide limited to patients with recurrent malignant glioma was subsequently 

performed [42]. The rationale for a dedicated malignant glioma phase I study was the concern that CNS 

tumor patients may require a different MTD due to the risk of CNS hemorrhage or stroke potentially 

associated with anti-angiogenic or anti-vascular agents. A total of 51 patients enrolled on this study. 
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Cilengitide was escalated from 120 mg/m
2
 to 2400 mg/m

2
. Infrequent and inconsistent toxicities were 

observed across administered dose levels and the MTD was not defined. Specific DLTs encountered 

included a grade 3 thrombosis, grade 4 myalgia/arthralgia, grade 3 anorexia/hypokalemia/hyponatremia, 

and grade 3 thrombocytopenia.  There were no episodes of intracranial hemorrhage or stroke. Evidence of 

anti-tumor activity was observed both in higher and lower dose levels and included complete and partial 

responses in two and four patients, respectively, and stable disease for at least six months in six additional 

patients.  Pharmacokinetic analyses from this study revealed that 1) the kinetics of cilengitide were linear, 

2) flat dosing was feasible because dosing per body surface area did not affect drug clearance, and 3) 

concurrent use of either enzyme inducing anticonvulsants or corticosteroids did not affect cilengitide 

pharmacokinetics.  Perfusion MR imaging and the measurement of plasma angiogenic growth factors 

were performed to identify potential biomarkers of anti-tumor activity.  Decreased tumor perfusion was 

noted more commonly among patients treated with the higher cilengitide dose. 

 

A companion dose escalation phase I study was performed in pediatric patients with recurrent 

malignant glioma and enrolled 31 patients.  Intracranial hemorrhage occurred in 3 patients who were 

treated at the highest dose level (2400 mg/m
2
). However, two of these events were asymptomatic and it 

was unclear if these events were related to cilengitide or underlying tumor activity.  One patient with a 

recurrent GBM experienced a complete response and two had stable disease. The recommended dose for 

subsequent studies in children is 1800 mg/m
2 
[44].  

 

Phase II studies 

A phase II study, with PFS-6 as the primary endpoint, was then performed in adults with GBM at first 

recurrence [9]. This study evaluated two dose levels of cilengitide including an intermediate-low (500 

mg) dose and an intermediate-high (2000 mg) dose. The rationale for this design was based on results of 

the prior phase I study: 1) durable responses were observed across the spectrum of dose levels evaluated 

and 2) the MTD was not defined. Key eligibility criteria included the following: histologically confirmed 
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GBM that recurred following surgery, radiotherapy, and no more than one chemotherapy regimen; age 

≥18 years; measurable (≥1 cm
2
), contrast-enhancing tumor; KPS ≥70; and adequate bone marrow, hepatic 

and renal function. Patients were randomized to receive single-agent cilengitide at either 500 mg or 2000 

mg per dose as a 1-hour infusion twice weekly with a 72 hour interval between infusions. Four-week 

treatment cycles were repeated until unacceptable toxicity, progressive disease (PD), or consent 

withdrawal. Treatment arms were stratified to equally enroll based on degree of pre-enrollment surgery 

(none vs. biopsy/subtotal resection) and KPS (70-80 vs. 90-100).  The study enrolled 81 patients, 

including 41 on the 500 mg arm and 40 on the 2000 mg arm. Patients on both arms tolerated therapy well 

and there were no consistent significant toxicities observed overall, nor was a there a difference in the 

incidence of adverse events between the two dose groups. Four patients experienced grade 3 non-

hematologic toxicities that were possibly related to cilengitide therapy including single patients with 

transaminase elevation, arthralgia, weight gain and headache with altered mental status. There were no 

grade 4 or 5 study-related, non-hematologic events. Only one patient experienced an intracranial 

hemorrhage (grade 2) however this event occurred at the  time of tumor progression. Pharmacokinetic 

evaluation revealed linear exposures for both plasma and cerebrospinal fluid. Although evidence of anti-

tumor activity was observed for patients in both arms, those treated with the 2000 mg dose achieved 

higher rates of radiographic response (Figure 2), and improved PFS-6 and overall survival; however the 

randomized phase II study design was not powered to define superiority of one of the treatment arms 

(Table 3).   

 

A parallel phase II study, conducted by the North American Brain Tumor Consortium (NABTC-

0302), was designed to evaluate intratumoral penetration of cilengitide among recurrent GBM patients 

with no more than two prior episodes of tumor progression [86].  Patients were randomized to receive 

three doses of cilengitide at either 500 mg or 2000 mg per dose on days 8, 4 and 1 prior to planned 

surgical debulking. Cilengitide was continued after surgery at 2000 mg/dose twice weekly for all patients. 

Among the 30 patients enrolled, cilengitide was well tolerated. Eight patients developed grade 3/4 
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lymphopenia and one patient each experienced grade 3 fatigue, thrombocytopenia, myalgias and non-

cardiac pulmonary edema. In addition, there were no episodes of peri-operative hemorrhage or wound 

healing difficulty. The average intratumoral concentration of cilengitide, assessed approximately 24 hours 

after the last cilengitide dose, were 400 and 1190 ng/gram of tissue for the 500 and 2000 mg dosing 

cohorts, respectively. The calculated tissue to plasma ratios were 1.83 for the 500 mg dose and 4.17 for 

the 2000 mg dose. Importantly, this study confirmed that cilengitide achieved effective GBM intratumoral 

penetration that was retained for at least 24 hours.   

 

The cumulative clinical experience among recurrent GBM patients demonstrated that cilengitide as a 

single agent was well tolerated, effectively penetrated into GBM tumors and was associated with 

therapeutic benefit in some patients with recurrent GBM. Therefore, studies to evaluate cilengitide in 

newly diagnosed GBM were undertaken. Further support for this decision included preclinical orthotopic 

GBM xenograft data demonstrating that cilengitide enhanced the anti-tumor activity of radiation therapy 

in a schedule dependent manner [38]. Two parallel phase II clinical trials in newly diagnosed GBM were 

conducted. In the first study, 52 patients were enrolled in a single-arm, uncontrolled, multi-center study 

with PFS-6 as the primary endpoint [43].  All patients received cilengitide at 500 mg/dose twice weekly 

throughout standard XRT/TMZ followed by six cycles of adjuvant TMZ plus cilengitide. The protocol 

specified cilengitide administration continue until the end of 6 cycles of adjuvant TMZ; therafter,  patients 

were allowed to continue cilengitide on a voluntary basis, but only 7 patients elected to do so. Relevant 

patient characteristics included a median age of 57 years, an ECOG score of 0-1 in 92%, and a gross total 

resection in 44%. Thirty-three percent of patients were on CYP3A-inducing anti-epileptics (EIAEDs). 

MGMT gene promoter methylation status was available in 45 patients (87%) and 23 (51%) had evidence 

of MGMT methylation. Median follow-up of treated patients was 34 months. No significant toxicity was 

attributable to the addition of cilengitide to XRT/TMZ. Overall hematological toxicity was modest and 

occurred within the range expected for XRT/TMZ. Constitutive symptoms (nausea, headache, 
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fatigue, vomiting, and anorexia) were the most common non-hematologic AEs. Importantly, 

intracranial hemorrhage occurred rarely and within the range expected for XRT/TMZ without Cilengitide 

[3]. Fifty patients (96%) completed combination therapy with cilengitide plus concomitant XRT/TMZ, 

and 23 (44%) patients completed all six cycles of adjuvant TMZ plus cilengitide. Early discontinuation 

was due to progressive disease in 19 patients (37%), toxicity in nine patients (17%) and consent 

withdrawal in one patient (2%). Pharmacokinetic studies revealed that cilengitide exposure did not 

accumulate with repeated administration and that cilengitide metabolism was not affected by concurrently 

administered TMZ, XRT or EIAEDs. TMZ pharmacokinetics were concordant with previously published 

data,[98] indicating that cilengitide did not influence TMZ metabolism. With a median follow-up of 34 

months, PFS-6 was 69% and median OS was 16.1 months. Patients with MGMT methylated tumors had 

significantly longer PFS (p< 0.001) and OS (p=0.022) compared to those with unmethylated tumors 

(Table 4).  Of note, PFS-6 and median OS were also higher for the MGMT methylated patients treated 

with cilengitide on this study compared to historical controls treated with standard therapy [47]. In 

contrast, patients on this study with unmethylated MGMT tumors had a similar outcome compared to 

those treated historically with standard therapy alone. The mechanism underlying a preferential benefit 

for cilengitide among newly diagnosed GBM patients with MGMT methylated tumors undergoing 

XRT/TMZ is not clear but could include 1) direct potentiation of the anti-tumor effect of TMZ and 2) an 

anti-angiogenic effect that normalizes tumor vasculature allowing greater TMZ delivery and/or 

oxygenation [99]. For both of these possible mechanisms, patients with MGMT methylated tumors would 

be predicted to achieve greater anti-tumor benefit from cilengitide compared to those with unmethylated 

tumors. In addition, a dose over 500 mg might be required to have an anti-tumor effect on GBM tumors 

with unmethylated MGMT status. 

 

A second phase II study evaluating cilengitide for newly diagnosed GBM patients was conducted by 

the New Agents Brain Tumor Treatment (NABTT) cooperative group (NABTT 0306) [100]. In this 

study, cilengitide was administered twice weekly throughout standard XRT/TMZ, during the 6 monthly 
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cycles of adjuvant TMZ, and continued thereafter until PD. A safety lead-in period was included that 

enrolled three, six-patient cohorts who received cilengitide at 500 mg/dose, 1000 mg/dose and 2000 

mg/dose, respectively. No DLTs were observed among any patients treated at these dose levels. 

Thereafter, 94 patients were enrolled to the phase II component of the study that included randomization 

to cilengitide doses of either 500 or 2000 mg.  The median age of the 112 enrolled patients was 55 years, 

the median KPS was 90 and 76% of patients underwent a debulking craniotomy. Median overall survival 

for all patients was 18.9 months and overall survival at one year was 80%. Improved outcome was again 

observed with the 2000 mg dose level compared to the 500 mg dose. MGMT status was also assessed 

from archival tumor tissue using immunohistochemistry and a subgroup analysis of outcome based on 

MGMT status will be forthcoming.  

 

Based on the encouraging results observed among recurrent and newly diagnosed GBM patients to 

date, a randomized phase III study (CENTRIC) evaluating the addition of cilengitide to standard 

XRT/TMZ and adjuvant TMZ followed by cilengitide maintenance compared to standard XRT/TMZ and 

adjuvant TMZ alone for newly diagnosed GBM patients with methylated MGMT tumors was initiated. 

Over 500 patients will be randomized with completed enrollment expected by early 2011 and preliminary 

outcome results by 2013. For patients with an unmethylated MGMT promoter, a companion phase II 

study of cilengitide (CORE) is evaluating safety, feasibility and efficacy of intensified, daily cilengitide 

(2000 mg up to five times per week) during  XRT/TMZ chemoradiotherapy. Thereafter, all patients in this 

study will receive 6 cycles of standard 5-day TMZ cycles plus cilengitide dosed at 2000 mg twice weekly 

until progression, unacceptable toxicity, non-compliance or consent withdrawal. No DLTs were observed 

during the safety run-in component of this study. The phase II portion of the study is underway and 

randomizes patients to one of three arms (80 patients per arm) including: 1) cilengitide 2000 mg/dose 

daily for five days per week (Monday-Friday) with standard TMZ/XRT and then followed at 2000 mg 

twice weekly with adjuvant TMZ and subsequently as cilengitide maintenance, 2) cilengitide 2000 

mg/dose twice weekly with standard TMZ/XRT and with adjuvant TMZ and subsequently as cilengitide 
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maintenance, and 3) standard TMZ/XRT and with adjuvant TMZ. A second randomized phase II study of 

cilengitide (CECIL) is evaluating the 1-year OS rate in newly diagnosed GBM patients treated with 

XRT/TMZ followed by 6 cycles of dose intensified TMZ (administered at a daily dose of 100 mg/m²/day 

for 21 out of 28 days) combined with 52 weeks of either cilengitide (at a dose of 2000mg twice a week) 

or cetuximab (at an initial dose of 400mg/m² followed by a once-weekly dose of 250 mg/m²) [www: 

ClinicalTrials.gov Identifier NCT01044225]. 

 

Safety and tolerability 

Cumulative experience with cilengitide to date indicates that it has a favorable safety profile. Phase I 

studies of cilengitide monotherapy among adult solid tumor and GBM patients did not identify dose 

dependent or dose-limiting toxicity despite wide dosing ranges of cilengitide tested (up to 2400 mg/m
2
 

which approximates 4000 mg twice weekly) [42, 44, 85]. Furthermore, no consistent toxicities have been 

observed in additional phase II studies [9, 43, 83, 85, 101, 102]. Among all adverse events reported,  

regardless of causality, among patients treated with cilengitide, the most common observed non-

hematologic toxicities include fatigue, nausea, dyspnea, headache, peripheral edema, diarrhea, 

constipation and anorexia. Importantly, cilengitide is not associated with hemorrhages, delayed wound 

healing or wound dehiscence, or other adverse events when administered peri-operatively to GBM 

patients undergoing craniotomy [86].  In addition, cilengitide does not appear to exacerbate toxicity 

associated with chemotherapy or radiotherapy [43, 84].  

 

Regulatory affairs 

Cilengitide is an investigational drug that is being evaluated in randomized, controlled clinical trials in 

GBM, non-small cell lung cancer and squamous cell carcinoma of the head and neck. Phase I/II trials are 

also ongoing for other indications (Table 3). An ongoing randomized, registration phase III study targets 

newly diagnosed GBM patients with MGMT methylated tumors. A complementary development program 

is active through the Cancer Therapy Evaluation Program (CTEP) of the US National Cancer Institute via 
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a Cooperative Research and Development Agreement (CRADA). Cilengitide has received orphan drug 

status for development in malignant glioma by both the European Medicines Agency and the United 

States Food and Drug Administration. 

 

Conclusion 

Cilengitide is an RGD pentapeptidomimetic that blocks ligand binding and subsequent activation of the 

αvβ3 and αvβ5 integrins. Preclinical studies demonstrate anti-tumor activity in glioma and other solid 

tumors that can augment the activity of cytotoxic chemotherapy and radiotherapy. In addition, several 

preclinical assays indicate that cilengitide has anti-angiogenic activity. Clinical trials to date confirm a 

favorable safety profile and lack of MTD. Pharmacokinetic studies demonstrate predictable, linear 

pharmacokinetics and, in GBM patients, intratumoral and CSF concentrations above levels associated 

with anti-tumor activity in preclinical models. Durable radiographic responses, encouraging disease 

control and promising overall survival results, favoring the 2000 mg dose, have been achieved in a phase 

II study using cilengitide monotherapy among recurrent GBM patients. Two recently completed phase II 

studies also demonstrate encouraging overall survival results when cilengitide is combined with standard 

XRT/TMZ for newly diagnosed GBM patients. Accrual to an ongoing phase III trial in newly diagnosed 

GBM patients with a methylated MGMT promoter is nearing completion and this study will determine if 

the addition of cilengitide to standard XRT/TMZ improves overall survival compared to standard 

XRT/TMZ alone. Randomized clinical trials are also underway with cilengitide in non-small cell lung 

cancer and head and neck squamous cell carcinoma. 

 

Executive summary 

Mechanism of action 

 Cilengitide is a cyclized RGD-containing pentapeptide (peptidomimetic) that blocks ligand binding 

and subsequent activation of the αvβ3 and αvβ5 integrins. 

Pharmacokinetic properties 
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 Cilengitide has a rapid distribution with maximum concentrations achieved within one hour. The mean 

elimination half-life is 3-5 hours. Concentrations above predicted preclinically active levels have been 

documented in tumors and cerebrospinal fluid of GBM patients 24 hrs after last cilengitide 

administration. Clearance is predominantly via the renal route. 

Clinical efficacy 

 Durable radiographic responses, encouraging disease control, and promising overall survival results 

have been achieved in phase I and II studies using cilengitide monotherapy among recurrent GBM 

patients. Two recently completed phase II studies have also demonstrated encouraging overall survival 

when cilengitide was combined with standard XRT/TMZ for newly diagnosed GBM patients. 

Safety and Tolerability 

 Side effects:  

- Several clinical trials confirm a favorable safety profile and lack of MTD as well as significant 

attributable toxicity. The most common observed non-hematologic adverse events in cilengitide 

trials include fatigue, nausea, dyspnea, headache, peripheral edema, diarrhea, constipation and 

anorexia. 

 Precautions:  

- None 

 Monitoring: 

- None 

 Contraindications:  

- None other than documented hypersensitivity. 

 Drug interactions:  

- None documented to date. 

 Dosage and administration:  

- For adults, flat dosing of 2000 mg intravenously over one hour two days per week with doses 

separated by 72 hours (Monday and Thursday or Tuesday and Friday). Dosing among pediatric 
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patients has not been firmly established but the recommended dosing schedule for phase II studies 

is 1800 mg/m
2
. 

 

Future perspective 

Integrins are attractive therapeutic targets for many malignancies given their myriad contribution to 

underlying tumor biology. To date, integrin targeting agents, including cilengitide, have been associated 

with a favorable safety profile. Cilengitide can be safely combined with chemotherapy and radiation 

therapy, and provides encouraging clinical anti-tumor activity so far.  A recent preclinical study suggests 

that prolonged exposure to extremely low doses of RGD-mimetic integrin inhibitors may be associated 

with stimulation of tumor growth and angiogenesis  [95]. Although this is not the dosing regimen used 

clinically with cilengitide and such findings have not been observed in the clinical application of anti-

integrin agents to date[103] ongoing and future studies should evaluate such an adverse potential.  

Overall, the ongoing randomized, controlled phase III (CENTRIC) and randomized, controlled phase 

II (CORE, ADVANTAGE, CERTO) studies will provide data on the clinical efficacy of cilengitide in 

GBM, NSCLC and SCCHN with clinically relevant doses and schedules. 

A critical area of future focus will be the identification of biomarkers associated with durable benefit or 

early failure. Finally, the development of more convenient formulations for patients may facilitate 

improved compliance and overall patient satisfaction. 

 

Information resources 

Merck Serono: www.merckserono.com 

 

Figure Legends 

Figure 1.  Chemical structure of cilengitide.  

Figure 2.  Representative durable radiographic response of a patient with recurrent GBM treated with 

single-agent cilengitide. 

[22] 

 

http://www.merckserono.com/


 

Financial & competing interests disclosure 

Dr. David A. Reardon has received financial compensation as a consultant for Merck/Schering-Plough, 

Roche/Genentech, and Merck KGaA/EMD Serono. He is a member of the Speaker’s Bureau for 

Merck/Schering-Plough and Roche/Genentech.  Dr. Bart Neyns is a principal investigator for a clinical 

trial funded by Merck KGaA.   Dr. Michael Weller has received financial compensation as a consultant 

for Merck Serono, Oncomethylome Sciences, Roche, Merck/Schering-Plough and received research 

support from Merck Serono, Roche and Merck/Schering Plough.  Dr. Joerg Christian Tonn has received 

compensation as a consultant for Merck Serono, Roche and Essex.   Dr. L. Burt Nabors served on advisor 

board for Merck related to clinical development on Cilengitide.   Dr. Roger Stupp has received financial 

compensation for consultant/advisory board and is principal investigator for ongoing pivotal trial 

evaluating Cilengitide in combination with standard chemoradiotherapy.   

 

[23] 

 



References 

 
1 CBTRUS: 2010 Statistical Report: Primary Brain and Central Nervous System Tumors 

Diagnosed in the United States in 2004-2006. (2004-2006). 

2 Stupp R, Hegi ME, Mason WP et al.: Effects of radiotherapy with concomitant and adjuvant 

temozolomide versus radiotherapy alone on survival in glioblastoma in a randomised phase III 

study: 5-year analysis of the EORTC-NCIC trial. Lancet Oncol. 10(5), 459-466 (2009). 

3 Stupp R, Mason WP, van den Bent MJ et al.: Radiotherapy plus concomitant and adjuvant 

temozolomide for glioblastoma. N Engl J Med. 352(10), 987-996 (2005). 

4 Ballman KV, Buckner JC, Brown PD et al.: The relationship between six-month progression-free 

survival and 12-month overall survival end points for phase II trials in patients with glioblastoma 

multiforme. Neuro-oncology. 9(1), 29-38 (2007). 

5 Lamborn KR, Yung WK, Chang SM et al.: Progression-free survival: An important end point in 

evaluating therapy for recurrent high-grade gliomas. Neuro-oncology. 10(2), 162-170 (2008). 

6 Wong ET, Hess KR, Gleason MJ et al.: Outcomes and prognostic factors in recurrent glioma 

patients enrolled onto phase II clinical trials. J Clin Oncol. 17(8), 2572-2578 (1999). 

7 Friedman HS, Prados MD, Wen PY et al.: Bevacizumab alone and in combination with irinotecan 

in recurrent glioblastoma. J Clin Oncol. 27(28), 4733-4740 (2009). 

8 Kreisl TN, Kim L, Moore K et al.: Phase II trial of single-agent bevacizumab followed by 

bevacizumab plus irinotecan at tumor progression in recurrent glioblastoma. J Clin Oncol. 27(5), 

740-745 (2009). 

9 Reardon DA, Fink KL, Mikkelsen T et al.: Randomized phase II study of cilengitide, an integrin-

targeting arginine-glycine-aspartic acid peptide, in recurrent glioblastoma multiforme. J Clin 

Oncol. 26(34), 5610-5617 (2008). 

10 Baker EL and Zaman MH: The biomechanical integrin. Journal of biomechanics. 43(1), 38-44 

(2010). 

[24] 

 



11 Courter DL, Lomas L, Scatena M and Giachelli CM: Src kinase activity is required for integrin 

alphaVbeta3-mediated activation of nuclear factor-kappaB. J Biol Chem. 280(13), 12145-12151 

(2005). 

12 Scatena M, Almeida M, Chaisson ML, Fausto N, Nicosia RF and Giachelli CM: NF-kappaB 

mediates alphavbeta3 integrin-induced endothelial cell survival. The Journal of cell biology. 

141(4), 1083-1093 (1998). 

13 Aoudjit F and Vuori K: Integrin signaling inhibits paclitaxel-induced apoptosis in breast cancer 

cells. Oncogene. 20(36), 4995-5004 (2001). 

14 Ricono JM, Huang M, Barnes LA et al.: Specific cross-talk between epidermal growth factor 

receptor and integrin alphavbeta5 promotes carcinoma cell invasion and metastasis. Cancer Res. 

69(4), 1383-1391 (2009). 

15 Dolfi F, Garcia-Guzman M, Ojaniemi M, Nakamura H, Matsuda M and Vuori K: The adaptor 

protein Crk connects multiple cellular stimuli to the JNK signaling pathway. Proc Natl Acad Sci 

U S A. 95(26), 15394-15399 (1998). 

16 Miyamoto S, Teramoto H, Gutkind JS and Yamada KM: Integrins can collaborate with growth 

factors for phosphorylation of receptor tyrosine kinases and MAP kinase activation: roles of 

integrin aggregation and occupancy of receptors. The Journal of cell biology. 135(6 Pt 1), 1633-

1642 (1996). 

17 Tabatabai G, Weller M, Nabors B et al.: Targeting integrins in malignant glioma. Targeted 

oncology. 5(3), 175-181 (2010). 

18 Desgrosellier JS and Cheresh DA: Integrins in cancer: biological implications and therapeutic 

opportunities. Nat Rev Cancer. 10(1), 9-22 (2010). 

19 Tysnes BB, Larsen LF, Ness GO et al.: Stimulation of glioma-cell migration by laminin and 

inhibition by anti-alpha3 and anti-beta1 integrin antibodies. Int J Cancer. 67(6), 777-784 (1996). 

[25] 

 



20 Friedlander DR, Zagzag D, Shiff B et al.: Migration of brain tumor cells on extracellular matrix 

proteins in vitro correlates with tumor type and grade and involves alphaV and beta1 integrins. 

Cancer Res. 56(8), 1939-1947 (1996). 

21 Tonn JC, Wunderlich S, Kerkau S, Klein CE and Roosen K: Invasive behaviour of human 

gliomas is mediated by interindividually different integrin patterns. Anticancer Res. 18(4A), 

2599-2605 (1998). 

22 Treasurywala S and Berens ME: Migration arrest in glioma cells is dependent on the alphav 

integrin subunit. Glia. 24(2), 236-243 (1998). 

23 Avraamides CJ, Garmy-Susini B and Varner JA: Integrins in angiogenesis and 

lymphangiogenesis. Nat Rev Cancer. 8(8), 604-617 (2008). 

24 Garmy-Susini B, Jin H, Zhu Y, Sung RJ, Hwang R and Varner J: Integrin alpha4beta1-VCAM-1-

mediated adhesion between endothelial and mural cells is required for blood vessel maturation. J 

Clin Invest. 115(6), 1542-1551 (2005). 

25 Jin H, Aiyer A, Su J et al.: A homing mechanism for bone marrow-derived progenitor cell 

recruitment to the neovasculature. J Clin Invest. 116(3), 652-662 (2006). 

26 Trikha M, Zhou Z, Timar J et al.: Multiple roles for platelet GPIIb/IIIa and alphavbeta3 integrins 

in tumor growth, angiogenesis, and metastasis. Cancer Res. 62(10), 2824-2833 (2002). 

27 Asselin-Labat ML, Sutherland KD, Barker H et al.: Gata-3 is an essential regulator of mammary-

gland morphogenesis and luminal-cell differentiation. Nat Cell Biol. 9(2), 201-209 (2007). 

28 Vaillant F, Asselin-Labat ML, Shackleton M, Forrest NC, Lindeman GJ and Visvader JE: The 

mammary progenitor marker CD61/beta3 integrin identifies cancer stem cells in mouse models of 

mammary tumorigenesis. Cancer Res. 68(19), 7711-7717 (2008). 

29 Luo M, Fan H, Nagy T et al.: Mammary epithelial-specific ablation of the focal adhesion kinase 

suppresses mammary tumorigenesis by affecting mammary cancer stem/progenitor cells. Cancer 

Res. 69(2), 466-474 (2009). 

[26] 

 



30 Samanna V, Wei H, Ego-Osuala D and Chellaiah MA: Alpha-V-dependent outside-in signaling is 

required for the regulation of CD44 surface expression, MMP-2 secretion, and cell migration by 

osteopontin in human melanoma cells. Experimental cell research. 312(12), 2214-2230 (2006). 

31 Lathia JD, Gallagher J, Heddleston JM et al.: Integrin alpha 6 regulates glioblastoma stem cells. 

Cell stem cell. 6(5), 421-432 (2010). 

32 Skuli N, Monferran S, Delmas C et al.: Alphavbeta3/alphavbeta5 integrins-FAK-RhoB: a novel 

pathway for hypoxia regulation in glioblastoma. Cancer Res. 69(8), 3308-3316 (2009). 

33 Schnell O, Krebs B, Wagner E et al.: Expression of integrin alphavbeta3 in gliomas correlates 

with tumor grade and is not restricted to tumor vasculature. Brain Pathol. 18(3), 378-386 (2008). 

34 Bello L, Francolini M, Marthyn P et al.: Alpha(v)beta3 and alpha(v)beta5 integrin expression in 

glioma periphery. Neurosurgery. 49(2), 380-389; discussion 390 (2001). 

35 Gladson CL and Cheresh DA: Glioblastoma expression of vitronectin and the alpha v beta 3 

integrin. Adhesion mechanism for transformed glial cells. J Clin Invest. 88(6), 1924-1932 (1991). 

36 MacDonald TJ, Taga T, Shimada H et al.: Preferential susceptibility of brain tumors to the 

antiangiogenic effects of an alpha(v) integrin antagonist. Neurosurgery. 48(1), 151-157 (2001). 

37 Maurer GD, Tritschler I, Adams B et al.: Cilengitide modulates attachment and viability of 

human glioma cells, but not sensitivity to irradiation or temozolomide in vitro. Neuro-oncology. 

11(6), 747-756 (2009). 

38 Mikkelsen T, Brodie C, Finniss S et al.: Radiation sensitization of glioblastoma by cilengitide has 

unanticipated schedule-dependency. Int J Cancer. 124(11), 2719-2727 (2009). 

39 Tentori L, Dorio AS, Muzi A et al.: The integrin antagonist cilengitide increases the antitumor 

activity of temozolomide against malignant melanoma. Oncology reports. 19(4), 1039-1043 

(2008). 

40 Yamada S, Bu XY, Khankaldyyan V, Gonzales-Gomez I, McComb JG and Laug WE: Effect of 

the angiogenesis inhibitor Cilengitide (EMD 121974) on glioblastoma growth in nude mice. 

Neurosurgery. 59(6), 1304-1312; discussion 1312 (2006). 

[27] 

 



41 Nabors LB, Mikkelsen T, Batchelor T et al. NABTT 0306:  A randomized phase II trial of EMD 

121974 in conjunction with concomitant and adjuvant temozolomide with radiation therapy in 

patients with newly diagnosed glioblastoma multiforme (GBM). Presented at: Proc Am Soc Clin 

Oncol Orlando, FL, 2009.  

42 Nabors LB, Mikkelsen T, Rosenfeld SS et al.: Phase I and correlative biology study of cilengitide 

in patients with recurrent malignant glioma. J Clin Oncol. 25(13), 1651-1657 (2007). 

43 Stupp R, Hegi ME, Neyns B et al.: Phase I/IIa study of cilengitide and temozolomide with 

concomitant radiotherapy followed by cilengitide and temozolomide maintenance therapy in 

patients with newly diagnosed glioblastoma. J Clin Oncol. 28(16), 2712-2718 (2010). 

44 MacDonald TJ, Stewart CF, Kocak M et al.: Phase I clinical trial of cilengitide in children with 

refractory brain tumors: Pediatric Brain Tumor Consortium Study PBTC-012. J Clin Oncol. 

26(6), 919-924 (2008). 

45 Gerson SL: MGMT: its role in cancer aetiology and cancer therapeutics. Nat Rev Cancer. 4(4), 

296-307 (2004). 

46 Hegi ME, Liu L, Herman JG et al.: Correlation of O6-methylguanine methyltransferase (MGMT) 

promoter methylation with clinical outcomes in glioblastoma and clinical strategies to modulate 

MGMT activity. J Clin Oncol. 26(25), 4189-4199 (2008). 

47 Hegi ME, Diserens AC, Gorlia T et al.: MGMT gene silencing and benefit from temozolomide in 

glioblastoma. N Engl J Med. 352(10), 997-1003 (2005). 

48 Reardon DA, Rich JN, Friedman HS and Bigner DD: Recent advances in the treatment of 

malignant astrocytoma. J Clin Oncol. 24(8), 1253-1265 (2006). 

49 Chaudhry IH, O'Donovan DG, Brenchley PE, Reid H and Roberts IS: Vascular endothelial 

growth factor expression correlates with tumour grade and vascularity in gliomas. 

Histopathology. 39(4), 409-415 (2001). 

50 Johansson M, Brannstrom T, Bergenheim AT and Henriksson R: Spatial expression of VEGF-A 

in human glioma. J Neurooncol. 59(1), 1-6 (2002). 

[28] 

 



51 Plate KH, Breier G, Millauer B, Ullrich A and Risau W: Up-regulation of vascular endothelial 

growth factor and its cognate receptors in a rat glioma model of tumor angiogenesis. Cancer Res. 

53(23), 5822-5827 (1993). 

52 Salmaggi A, Eoli M, Frigerio S et al.: Intracavitary VEGF, bFGF, IL-8, IL-12 levels in primary 

and recurrent malignant glioma. J Neurooncol. 62(3), 297-303 (2003). 

53 Shweiki D, Itin A, Soffer D and Keshet E: Vascular endothelial growth factor induced by hypoxia 

may mediate hypoxia-initiated angiogenesis. Nature. 359(6398), 843-845 (1992). 

54 Zhou YH, Tan F, Hess KR and Yung WK: The expression of PAX6, PTEN, vascular endothelial 

growth factor, and epidermal growth factor receptor in gliomas: relationship to tumor grade and 

survival. Clin Cancer Res. 9(9), 3369-3375 (2003). 

55 Kim KJ, Li B, Winer J et al.: Inhibition of vascular endothelial growth factor-induced 

angiogenesis suppresses tumour growth in vivo. Nature. 362(6423), 841-844 (1993). 

56 Millauer B, Shawver LK, Plate KH, Risau W and Ullrich A: Glioblastoma growth inhibited in 

vivo by a dominant-negative Flk-1 mutant. Nature. 367(6463), 576-579 (1994). 

57 Vredenburgh JJ, Desjardins A, Herndon JE, 2nd et al.: Phase II trial of bevacizumab and 

irinotecan in recurrent malignant glioma. Clin Cancer Res. 13(4), 1253-1259 (2007). 

58 Vredenburgh JJ, Desjardins A, Herndon JE, 2nd et al.: Bevacizumab plus irinotecan in recurrent 

glioblastoma multiforme. J Clin Oncol. 25(30), 4722-4729 (2007). 

59 Wick W, Weller M, van den Bent M and Stupp R: Bevacizumab and recurrent malignant 

gliomas: a European perspective. J Clin Oncol. 28(12), e188-189; author reply e190-182 (2010). 

60 Batchelor TT, Duda DG, di Tomaso E et al.: Phase II study of cediranib, an oral pan-vascular 

endothelial growth factor receptor tyrosine kinase inhibitor, in patients with recurrent 

glioblastoma. J Clin Oncol. 28(17), 2817-2823 (2010). 

61 Batchelor T, Mullholland P, Neyns B et al. A phase III randomized study comparing the efficacy 

of cediranib as monotherapy, and in combination with lomustine, with lomustine along in 

recurrent glioblastoma patients. Presented at: Ann Oncol. 2010.  

[29] 

 



62 Iwamoto FM, Lamborn KR, Robins HI et al.: Phase II trial of pazopanib (GW786034), an oral 

multi-targeted angiogenesis inhibitor, for adults with recurrent glioblastoma (North American 

Brain Tumor Consortium Study 06-02). Neuro-oncology. 12(8), 855-861 (2010). 

63 Neyns B, Sadones J, Chaskis C et al.: Phase II study of sunitinib malate in patients with recurrent 

high-grade glioma. J Neurooncol. (2010). 

64 Heimberger AB, Archer GE, Crotty LE et al.: Dendritic cells pulsed with a tumor-specific peptide 

induce long-lasting immunity and are effective against murine intracerebral melanoma. 

Neurosurgery. 50(1), 158-164; discussion 164-156 (2002). 

65 Heimberger AB, Crotty LE, Archer GE et al.: Epidermal growth factor receptor VIII peptide 

vaccination is efficacious against established intracerebral tumors. Clin Cancer Res. 9(11), 4247-

4254 (2003). 

66 Sampson JH, Heimberger AB, Archer GE et al.: Immunologic escape after prolonged 

progression-free survival with epidermal growth factor receptor variant III peptide vaccination in 

patients with newly diagnosed glioblastoma. J Clin Oncol. 28(31), 4722-4729 (2010). 

67 Heimberger AB, Hlatky R, Suki D et al.: Prognostic effect of epidermal growth factor receptor 

and EGFRvIII in glioblastoma multiforme patients. Clin Cancer Res. 11(4), 1462-1466 (2005). 

68 Wong AJ, Ruppert JM, Bigner SH et al.: Structural alterations of the epidermal growth factor 

receptor gene in human gliomas. Proceedings of the National Academy of Sciences of the United 

States of America. 89(2965-2969 (1992). 

69 Stupp R, Kanner A, Engelhard H et al. A prospective, randomized, open label, phase III clinical 

trial of NovoTTF-100A versus best standard of care chemotherapy in patients with recurrent 

glioblastoma. Presented at: Proc Am Soc Clin Oncol Chicago, IL, 2010.  

70 Bello L, Carrabba G, Giussani C et al.: Low-dose chemotherapy combined with an antiangiogenic 

drug reduces human glioma growth in vivo. Cancer Res. 61(20), 7501-7506 (2001). 

[30] 

 



71 Taga T, Suzuki A, Gonzalez-Gomez I et al.: alpha v-Integrin antagonist EMD 121974 induces 

apoptosis in brain tumor cells growing on vitronectin and tenascin. Int J Cancer. 98(5), 690-697 

(2002). 

72 Vitolo D, Paradiso P, Uccini S, Ruco LP and Baroni CD: Expression of adhesion molecules and 

extracellular matrix proteins in glioblastomas: relation to angiogenesis and spread. 

Histopathology. 28(6), 521-528 (1996). 

73 Gladson CL: The extracellular matrix of gliomas: modulation of cell function. Journal of 

neuropathology and experimental neurology. 58(10), 1029-1040 (1999). 

74 Gladson CL, Wilcox JN, Sanders L, Gillespie GY and Cheresh DA: Cerebral microenvironment 

influences expression of the vitronectin gene in astrocytic tumors. J Cell Sci. 108 ( Pt 3)(947-956 

(1995). 

75 Ramakrishnan V, Bhaskar V, Law DA et al.: Preclinical evaluation of an anti-alpha5beta1 

integrin antibody as a novel anti-angiogenic agent. J Exp Ther Oncol. 5(4), 273-286 (2006). 

76 McNeel DG, Eickhoff J, Lee FT et al.: Phase I trial of a monoclonal antibody specific for 

alphavbeta3 integrin (MEDI-522) in patients with advanced malignancies, including an 

assessment of effect on tumor perfusion. Clin Cancer Res. 11(21), 7851-7860 (2005). 

77 Mullamitha SA, Ton NC, Parker GJ et al.: Phase I evaluation of a fully human anti-alphav 

integrin monoclonal antibody (CNTO 95) in patients with advanced solid tumors. Clin Cancer 

Res. 13(7), 2128-2135 (2007). 

78 Ricart AD, Tolcher AW, Liu G et al.: Volociximab, a chimeric monoclonal antibody that 

specifically binds alpha5beta1 integrin: a phase I, pharmacokinetic, and biological correlative 

study. Clin Cancer Res. 14(23), 7924-7929 (2008). 

79 Hersey P, Sosman J, O'Day S et al.: A randomized phase 2 study of etaracizumab, a monoclonal 

antibody against integrin alpha(v)beta(3), + or - dacarbazine in patients with stage IV metastatic 

melanoma. Cancer. 116(6), 1526-1534 (2010). 

[31] 

 



80 Koivunen E, Wang B and Ruoslahti E: Phage libraries displaying cyclic peptides with different 

ring sizes: ligand specificities of the RGD-directed integrins. Bio/technology (Nature Publishing 

Company). 13(3), 265-270 (1995). 

81 Schnell O, Krebs B, Carlsen J et al.: Imaging of integrin alpha(v)beta(3) expression in patients 

with malignant glioma by [18F] Galacto-RGD positron emission tomography. Neuro-oncology. 

11(6), 861-870 (2009). 

82 Xiong JP, Stehle T, Zhang R et al.: Crystal structure of the extracellular segment of integrin alpha 

Vbeta3 in complex with an Arg-Gly-Asp ligand. Science. 296(5565), 151-155 (2002). 

83 Hariharan S, Gustafson D, Holden S et al.: Assessment of the biological and pharmacological 

effects of the alpha nu beta3 and alpha nu beta5 integrin receptor antagonist, cilengitide (EMD 

121974), in patients with advanced solid tumors. Ann Oncol. 18(8), 1400-1407 (2007). 

84 Friess H, Langrehr JM, Oettle H et al.: A randomized multi-center phase II trial of the 

angiogenesis inhibitor Cilengitide (EMD 121974) and gemcitabine compared with gemcitabine 

alone in advanced unresectable pancreatic cancer. BMC cancer. 6(285 (2006). 

85 Eskens FA, Dumez H, Hoekstra R et al.: Phase I and pharmacokinetic study of continuous twice 

weekly intravenous administration of Cilengitide (EMD 121974), a novel inhibitor of the 

integrins alphavbeta3 and alphavbeta5 in patients with advanced solid tumours. Eur J Cancer. 

39(7), 917-926 (2003). 

86 Gilbert M, Lamborn K, Lassman AB et al. Tumor tissue delivery of cilengitide after intravenous 

administration to patients with recurrent glioblastoma (GBM): Preliminary data from NABTC 

protocol 03-02. Presented at: Proc Soc Neuro-Oncol. Dallas, TX, 2007.  

87 Goodman SL, Holzemann G, Sulyok GA and Kessler H: Nanomolar small molecule inhibitors for 

alphav(beta)6, alphav(beta)5, and alphav(beta)3 integrins. J Med Chem. 45(5), 1045-1051 (2002). 

88 Dechantsreiter MA, Planker E, Matha B et al.: N-Methylated cyclic RGD peptides as highly 

active and selective alpha(V)beta(3) integrin antagonists. J Med Chem. 42(16), 3033-3040 

(1999). 

[32] 

 



89 Hammes HP, Brownlee M, Jonczyk A, Sutter A and Preissner KT: Subcutaneous injection of a 

cyclic peptide antagonist of vitronectin receptor-type integrins inhibits retinal neovascularization. 

Nat Med. 2(5), 529-533 (1996). 

90 Friedlander M, Brooks PC, Shaffer RW, Kincaid CM, Varner JA and Cheresh DA: Definition of 

two angiogenic pathways by distinct alpha v integrins. Science. 270(5241), 1500-1502 (1995). 

91 Nisato RE, Tille JC, Jonczyk A, Goodman SL and Pepper MS: alphav beta 3 and alphav beta 5 

integrin antagonists inhibit angiogenesis in vitro. Angiogenesis. 6(2), 105-119 (2003). 

92 Loges S, Butzal M, Otten J et al.: Cilengitide inhibits proliferation and differentiation of human 

endothelial progenitor cells in vitro. Biochem Biophys Res Commun. 357(4), 1016-1020 (2007). 

93 Albert JM, Cao C, Geng L, Leavitt L, Hallahan DE and Lu B: Integrin alpha v beta 3 antagonist 

Cilengitide enhances efficacy of radiotherapy in endothelial cell and non-small-cell lung cancer 

models. Int J Radiat Oncol Biol Phys. 65(5), 1536-1543 (2006). 

94 Legler DF, Wiedle G, Ross FP and Imhof BA: Superactivation of integrin alphavbeta3 by low 

antagonist concentrations. J Cell Sci. 114(Pt 8), 1545-1553 (2001). 

95 Reynolds AR, Hart IR, Watson AR et al.: Stimulation of tumor growth and angiogenesis by low 

concentrations of RGD-mimetic integrin inhibitors. Nat Med. 15(4), 392-400 (2009). 

96 Mitjans F, Meyer T, Fittschen C et al.: In vivo therapy of malignant melanoma by means of 

antagonists of alphav integrins. Int J Cancer. 87(5), 716-723 (2000). 

97 Burke PA, DeNardo SJ, Miers LA, Lamborn KR, Matzku S and DeNardo GL: Cilengitide 

targeting of alpha(v)beta(3) integrin receptor synergizes with radioimmunotherapy to increase 

efficacy and apoptosis in breast cancer xenografts. Cancer Res. 62(15), 4263-4272 (2002). 

98 Friedman HS, Kerby T and Calvert H: Temozolomide and treatment of malignant glioma. Clin 

Cancer Res. 6(7), 2585-2597 (2000). 

99 Jain RK: Normalization of tumor vasculature: an emerging concept in antiangiogenic therapy. 

Science. 307(5706), 58-62 (2005). 

[33] 

 



[34] 

 

100 Grossman SA, Ye X, Piantadosi S et al. Current survival statistics for patients with newly 

diagnosed glioblastoma treated with radiation and temozolomide on research studies in the United 

States. Presented at: Proc Am Soc Clin Oncol 2009.  

101 Beekman KW, Colevas AD, Cooney K et al.: Phase II evaluations of cilengitide in asymptomatic 

patients with androgen-independent prostate cancer: scientific rationale and study design. Clinical 

genitourinary cancer. 4(4), 299-302 (2006). 

102 Bradley DA, Daignault S, Ryan CJ et al.: Cilengitide (EMD 121974, NSC 707544) in 

asymptomatic metastatic castration resistant prostate cancer patients: a randomized phase II trial 

by the prostate cancer clinical trials consortium. Invest New Drugs. (2010). 

103 Weller M, Reardon D, Nabors B and Stupp R: Will integrin inhibitors have proangiogenic effects 

in the clinic? Nat Med. 15(7), 726; author reply 727 (2009). 

 

 



Figure 1. 



Figure 2.  Representative radiographic response of a recurrent GBM patient treated with single agent cilengitide. This patient maintained 

this response for over 3.5 years.



Table 1. Listing of integrin targeting agents in clinical development for oncology. 
 

Agent Company Target Class Route of 

Administration 

Indications Phase of 

Development 

Cilengitide Merck Serono αvβ3/5 peptidomimetic i.v. Glioblastoma  

(SCCHN, NSCLC, other) 

 

Phase III 

intetumumab -

(CNTO95) 

 

Centocor αv MAb i.v. HRPC  

(melanoma, solid tumours) 

Phase II 

E7820 Eisai α2 Misc: Sulphonamide derivative p.o CRC (lymphoma) Phase II 

 

Volociximab Biogen α5β1 MAb i.v. RCC, melanoma (Pancreas) Phase II 

 

Etaracizumab 

(MEDI-522, Abegrin) 

 

Medimmune αv ß3 MAb i.v. Prostate Phase II 

ATN 161     Attenuon α5ß1 peptidomimetic i.v. Glioblastoma Phase II 

 

DI 17E6 Merck Serono αv  MAb i.v. CRC, Prostate  Phase II 

 

MK0429 MSD αvβ3 Non-peptidomimetic p.o. HRPC Phase I 

 

GLPG 0187 Galapagos 5 integrin receptors peptidomimetic p.o./s.c. Bone mets in mBC Phase I 

 

PF-04605412 Pfizer α5β1 MAb i.v. Solid Tumours Phase I 

 

IMGN388 ImmunoGen αv MAb (DM4 cell-killing agent 

attached) 

 

i.v. Solid Tumours Phase I 

 

Celastrol - β1 Integrin Misc. - Prostate, Pancreas Preclinical 

 

HYD1 Moffitt Cancer Center inhibitory peptide peptidomimetic - Multiple myeloma Preclinical 

 

264RAD AstraZeneca Integrin alphavbeta6 ligand MAb - Oncology Preclinical 

Abbreviations: i.v. = intravenous; MAb = monoclonal antibody; Misc. = miscellaneous; p.o. = oral; s.c. = subcutaneous;  



Table 2.  Clinical trials with cilengitide in adults with malignant glioma (MG) and published or ongoing randomized controlled trials for other cancer indications. 

Study Study Population Trial Phase Trial Design Dose 
(2X/week unless otherwise specified) 

No. Patients Reference 

NABTT 9911 Recurrent MG I Dose escalation 200-2400 mg/m2 51 Nabors LB et al. 200742 

PBTC-012 Refractory pediatric CNS 

tumors 

I Dose escalation 120-2400 mg/m2 33 MacDonald TJ et al.44 

EMD 009 Recurrent GBM II Randomized 500mg – 2000 mg 81 Reardon DA et al.9 

NABTC 0302 Recurrent GBM II (peri-operative) Randomized 500mg vs 2000 mg 30 Gilbert M et al.86 

EMD 010 Newly diagnosed GBM II Single arm 500mg 52 Stupp R et al.43 

NABTT 0306 Newly diagnosed GBM II (with safety run-in) Randomized 500mg vs 2000 mg 112 Grossman SA et al.100 

CENTRIC Newly diagnosed GBM; 

MGMT methylated 

III Randomized 2000 mg 504 Ongoing 

CORE Newly diagnosed GBM; 

MGMT unmethylated 

II (with safety run-in) Randomized 2000 mg 2-5X/week 240 Ongoing 

CECIL Newly diagnosed GBM; 

MGMT unmethylated 

II Randomized 2000 mg 108 Ongoing 

NCI 3358 Advanced solid tumor I/II Single arm 600 mg/m2 vs 1200 mg/m2 20 Harihan S et al. 200783 

 Advanced solid tumor I Single arm 30 mg/m2-1600 mg/m2 37 Eskens FA et al. 200385 

EMD 004 Pancreatic cancer II Randomized 600 mg/m2 89 Friess H et al. 200684 

NCI 6735 Prostate cancer II Single arm 2000 mg 44 Bradley DA et al. 2010101 

NCI 6372 Prostate cancer II Randomized 500 mg vs 2000 mg 106 Ongoing 

CERTO Non-small cell lung cancer II (with safety run-in) Randomized 500-2000 mg 189 Ongoing 

ADVANTAGE Head and neck cancer I/II Randomized 500-2000 mg 194 Ongoing 

Abbreviations: CNS – central nervous system;  EMD: EMD Serono, Inc. (US affiliate of Merck KGaA, Darmstadt, Germany); GBM – glioblastoma; MG – malignant glioma;mg – milligrams; 

MGMT – methylguanine methyltransferase; NABTT – New Agents Brain Tumor Therapy Group; NABTC – North American Brain Tumor Consortium; NA – not availabl; NCI – National Cancer 

Institute 

PBTC – Pediatric Brain Tumor Consortium 



Table 3. Efficacy of single-agent cilengitide by dose level among recurrent GBM 
 

Outcome or Response 
Stratum A (n=41) 
(500 mg per day) 

Stratum B (n=40) 
(2000 mg per day) 

   

Number of patients with a 
radiographic response (%) 

2 (5) 5 (13) 

   
Median time to progression 
(weeks) 

7.9 8.1 

95% CI 7.7, 15.6 7.9, 15.0 
   
6-month PFS (%) 10 15 
95% CI 2.8, 23.7 5.7, 29.8 
   
Overall survival  (months) 6.5 9.9 
95% CI 5.2, 9.3 6.4, 15.7 
HR 0.70 [0.43, 1.14], p=0.15 
   

Number of patients completing 12 
cycles (%) 

3 (7) 5 (13) 

   

Number of patients completing 24 
cycles (%) 

2 (5) 2 (5) 

 

   

   

   



Table 4. Activity of cilengitide (500 mg/dose) among newly diagnosed GBM patients by MGMT methylation status compared with historical control. 
 
 Cilengitide Phase II

1
 

 

EORTC/NCIC
2,3

 

 All (n=52)* MGMT 

methylated (n=23) 

MGMT 

unmethylated 

(n=22) 

 RT + TMZ
2 

(n=287) 

MGMT methylated
3 

(n=46) 

MGMT 

unmethylated
3 

(n=60) 

Median       

PFS (months) 8 (6.0 – 10.7) 13.4 (8.6 – 22.8) 3.4 (2.3 – 7.1) 6.9 (5.8 – 8.2) 10.3 (6.5 – 14.0) 5.3 (5.0 – 7.6) 

PFS – 6 (%) 69 (54 – 80) 91 (70 – 98) 41 (21 – 60) 53.9 (48.1 – 59.6) 68.9 (55.4 – 82.4) 40.0 (27.6 – 52.4) 

       

Median       

Overall Survival 

(months) 

16.1 (13.1 – 

23.2) 

23.2 (15.5 – NR) 13.1 (9.7 – 17.6) 14.6 (13.2 – 16.8) 21.7 (17.4 – 30.4) 12.7 (11.6 – 14.4) 

       

Overall Survival       

12 months 68 (53 – 79) 91 (69 – 98) 51 (28 – 70) 61.1 (55.4 – 66.7) NR NR 

24 months 35 (22 – 48) 46 (25 – 64) 20 (6 – 40) 26.5 (21.2 – 31.7) 46.0 (31.2 – 60.8) 13.8 (4.8 – 22.7) 

*data in parentheses is 95% confidence intervals unless otherwise indicated 
1
Stupp R et al. J Clin Oncol 28:2712‐8, 2010 

2
Stupp R et al. N Engl J Med 352:987‐96, 2005 

3
Hegi ME et al. N Engl J Med 352:997‐1003, 2005 
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