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Abstract
Background—Integrins mediate invasion and angiogenesis in prostate cancer bone metastases.
We conducted a phase II study of Cilengitide, a selective antagonist of αvβ3 and αvβ5 integrins, in
non-metastatic castration resistant prostate cancer with rising PSA.

Methods—Patients were observed for 4 weeks with PSA monitoring, and then treated with 2,000
mg IV of cilengitide twice weekly until toxicity/progression. PSA, circulating tumor cells (CTCs)
and circulating endothelial cells (CECs) were monitored each cycle with imaging performed every
3 cycles. Primary end point was PSA decline by ≥ 50%. Secondary endpoints were safety, PSA
slope, time to progression (TTP), overall survival (OS), CTCs, CECs and gene expression.

Results—16 pts were enrolled; 13 were eligible with median age 65.5 years, baseline PSA 8.4
ng/mL and median Gleason sum 7. Median of 3 cycles was administered. Treatment was well
tolerated with 2 grade 3 toxicities and no grade 4 toxicities. There were no PSA responses; 11
patients progressed by PSA after 3 cycles. Median TTP was 1.8 months and median OS has not
been reached. Median pre- and on-treatment PSA slopes were 1.1 and 1.8 ng/mL/month. Baseline
CTCs were detected in 1/9 patients. CTC increased (0 to 1; 2 pts), remained at 0 (2 pts) or
decreased (23 to 0; 1 patient) at progression. Baseline median CEC was 26 (0–61) and at
progression, 47 (15–148). Low cell counts precluded gene expression studies.

Conclusions—Cilengitide was well tolerated but had no detectable clinical activity. CTCs are of
questionable utility in non-metastatic prostate cancer.

Corresponding author: Maha Hussain, MD, FACP University of Michigan Medical Center 7314 Cancer Center 1500 East Medical
Center Drive Ann Arbor, MI 48109-5946 mahahuss@med.umich.edu Ph: 734-936-8906 Fax: 734-615-2719.
†Present Address: A. Alva Baylor College of Medicine, Houston, TX, USA
This study was presented in part at the 2010 American Society of Clinical Oncology Genitourinary Symposium.

NIH Public Access
Author Manuscript
Invest New Drugs. Author manuscript; available in PMC 2012 September 1.

Published in final edited form as:
Invest New Drugs. 2012 April ; 30(2): 749–757. doi:10.1007/s10637-010-9573-5.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Keywords
EMD 121974; cilengitide; non-metastatic prostate cancer

INTRODUCTION
Non-metastatic castration resistant prostate cancer (CRPC) is a distinct disease state that is
characterized by rising PSA despite androgen deprivation therapy without evidence of
distant metastases. This clinical state could last a few years and presents an opportunity to
intervene with therapy designed to delay progression to metastatic disease [1]. Delay/
prevention of clinical systemic metastasis is a clinically meaningful objective.

Formation of bone metastasis is a multi-step process that involves invasion of the
vasculature by tumor cells, cell migration to and adhesion at distant bone sites, angiogenesis
and tumor growth [2,3]. Interactions between tumor and endothelial cells on one hand and
the extracellular matrix (ECM) components (such as vitronectin, fibronectin and
osteopontin) on the other mediate several of these steps. Interactions of the ECM with tumor
cells and endothelial cells are dependent on a class of transmembrane cell surface receptors
called integrins.

The role of integrins in prostate cancer metastases
Integrins transduce signals between the ECM and the intracellular cell signaling pathways of
endothelial or tumor cells in both directions[4]. Structurally, they are heterodimers
consisting of an alpha and a beta subunit. At least 18 alpha and 8 beta subunits have been
identified with more than 24 unique integrin heterodimers recognized so far[5].

Integrins play important roles in cell migration, adhesion, invasion, proliferation, survival
and angiogenesis of epithelial neoplasms [4,6,7]. αvβ3 is expressed in prostate cancer cells
but not in normal prostate cells[8]. Prostate cancer cell lines derived from bone metastases
uniformly express αvβ3[9]. Preclinical studies show that αvβ3 integrin mediates the adhesion
of prostate cancer cells to ECM components of the bone such as osteopontin [10,11]. αv
integrins also promote survival of prostate cancer cells in bone[12] and siRNAs directed
against αv integrins induce apoptosis of PC3 prostate cancer cells in bone[13]. αvβ3 also
mediates osteopontin (ECM component) triggered proliferation of castration resistant
prostate cancer cells in bone[14]. Bone turnover by osteoblasts and osteoclasts involves
interaction of αvβ3 and αvβ5 with osteopontin and bone sialoprotein [15,16]. Blockade of
αvβ3 reduces osteoclast recruitment and bone lysis initiated by metastatic cancer cells[17].
Thus, integrins αvβ3 and αvβ5 promote metastasis of prostate cancer cells to bone in each
step of the metastatic process [5,4,18].

Endothelial cells when activated by tumor secreted cytokines express αvβ3[19]. A crucial
role of αvβ3 in activated endothelial cells is to inhibit apoptosis by up-regulating NF-kB
activity [20,21]. Antagonists of αvβ3 and αvβ5 block endothelial cell proliferation and
differentiation induced by fibroblast growth factor 2 (FGF2) and vascular endothelial growth
factor (VEGF) in cell lines, chicken chorioallantoic membrane (CAM) and severe combined
immunodeficient (SCID) mice [22]. Novel agents that target integrins have shown
promising clinical activity in glioblastoma multiforme [23].

Cilengitide—Cyclo-l-Arg-Gly-l-Asp-d-Phe-N (Me) l-Val; (Merck KGaA, Darmstadt,
Germany) is a cyclic pentapeptide and RGD mimetic that selectively and competitively
antagonizes ligand binding to αvβ3 and αvβ5 in vitro. Cilengitide or EMD121974 inhibited
proliferation and increased apoptosis in cell lines and caused tumor regression in cell culture
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[24,25]. It blocks angiogenesis stimulated by VEGF and FGF in a 3-D gel of bovine
endothelial cells [26]. Cilengitide also inhibited αvβ3 and αvβ5 in CAM and in orthotopic
models of human melanoma, medulloblastoma and glioblastoma (GBM) in nude and SCID
mice [27,28].

In a phase I clinical trial of cilengitide in advanced solid tumors, twice-weekly infusions of
cilengitide were administered to 37 patients continuously at doses from 30 mg/m2 up to
1600 mg/m2 in 4 week cycles [29]. In another phase I trial, 20 patients were treated at 2
doses (600 and 1200 mg/m2 on the same schedule as the above study) [30]. In both studies,
no dose limiting toxicity was observed. The terminal half-life at all doses in both studies was
around 4 hours. Cmax concentrations achieved in plasma at 120 mg/m2 were comparable to
tumor inhibitory plasma levels in mice. No hematological or grade 3/4 non-hematologic
toxicity were reported. In the phase I component of two NCI sponsored studies
(NCT00022113 and NABTT-9911/ NCT00006093) of cilengitide given intravenously twice
weekly, no dose limiting toxicity was observed at doses as high as 2400 mg/m2.

Given the critical role of integrins αvβ3 and αvβ5 in promoting angiogenesis and bone
metastasis in prostate cancer and the preclinical and clinical safety profile of cilengitide we
conducted a single-arm multi-center NCI sponsored phase II study of single agent
cilengitide (NCI-6735) in non-metastatic rising PSA-only castration-resistant prostate
cancer . The dosing and schedule were based on earlier phase I trials of cilengitide and phase
II trials in advanced melanoma (00082875 MDACC 2004) and recurrent GBM
(NCT00093964).

PATIENTS AND METHODS
Patients were eligible if they had a histologic or cytologic diagnosis of prostate cancer with
no evidence of metastatic disease or local progression on radiologic imaging (Bone scan,
CT/MRI of abdomen and pelvis) and had 3 consecutive rising levels of prostate specific
antigen (PSA) at a minimum of one week intervals with the last of those values ≥ 2 ng/mL.
Patients had to have PSA progression despite androgen deprivation therapy and anti-
androgen withdrawal (≥ 4 weeks off flutamide; ≥ 6 weeks off bicalutamide or nilutamide).
ECOG performance status of 0–2 and adequate organ and hematologic function were
required (ANC ≥1500/uL, platelets ≥100,000/uL, serum creatinine ≤1.5 × upper limits of
normal, normal bilirubin and LFTs ≤ 2.5 × upper limits of normal). Patients who had not
had orchiectomy were required to continue on LHRH agonist therapy with a castrate range
testosterone level. Patients on stable doses of steroids or megace for longer than 1 month
continued on the same doses. Patients had to be > 4 weeks from major surgery and prior
systemic anti-cancer therapy. No previous treatment with cilengitide was allowed.
Continuing bisphosphonate use was permitted if on stable doses for > 6 weeks prior to
registration on protocol but was not allowed to be initiated while on the study. No
concurrent herbal or food supplements (such as PC-SPES or saw palmetto) other than a
daily multivitamin were allowed during the study. Patients with a second active malignancy
(less than 2 years from completion of therapy or with current evidence of disease) were
excluded except for superficial bladder cancer or non-melanomatous skin cancer. Men of
reproductive potential had to agree to use effective contraception. All patients on the study
signed an informed consent approved by the institutional review board at the respective
participating institution prior to study entry. This Cancer Therapy Evaluation Program
(CTEP) sponsored trial was conducted by the Department of Defense-Prostate Cancer
Clinical Trials Consortium.
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Treatment plan
Patients had a lead-in observation period of 4 weeks with PSA measured at 2 weeks and 4
weeks (figure 1). Treatment with cilengitide began after the 4 weeks lead-in period.
Cilengitide was administered at a starting dose of 2000 mg intravenously over one hour
twice weekly each week in 4 week cycles without any planned breaks between cycles. Grade
4 hematologic or grade 3 or 4 non-hematologic toxicities by NCI CTCAE version 3.0
necessitated holding the drug until resolution of toxicities to grade ≤1 and re-starting
treatment at −1 dose level (1600 mg/dose). Recurrent serious toxicity triggered reduction to
−2 dose level (1200 mg/dose) after resolution to ≤ 1 grade. Therapy was stopped for a third
occurrence of toxicity of that grade. Treatment could be interrupted for a maximum of 2
consecutive doses or 4 doses in a 12-week period. Based on phase I studies of cilengitide
that demonstrated no dose-toxicity relationship and no DLT at doses up to 2000 mg, dosing
was not based on body weight or surface area [23,29]. Cilengitide was provided by DCTD,
NCI.

Duration of therapy and monitoring
In the absence of toxicity, patients were treated on protocol for a minimum of 3 cycles (12
weeks) prior to response assessment in order to permit an adequate evaluation of the effect
of the investigational agent. Patients were evaluated for toxicity and had PSA measured each
cycle. Imaging with bone scan and CT or MRI abdomen/pelvis was performed every 3
cycles. Beyond the first 3 cycles, treatment was stopped when any one of the following
occurred: clinical or PSA progression, after 3 additional cycles beyond complete response,
recurrence of serious toxicity in spite of dose reduction to −2 dose level and maximally
allowed dose interruptions, patient preference or worsening of the patient's general medical
condition that precluded further treatment in the judgment of the investigator. The PSA
value at the end of the 4 week lead-in period prior to the first dose was considered the
baseline PSA.

End points and statistical design
Complete response was defined as PSA <0.2 ng/mL, partial response as decline in PSA by
50% from baseline and progression as ≥ 25% rise in PSA over baseline or nadir whichever
was lower[31]. PSA responses and progression needed confirmation by a successive PSA at
least 4 weeks later. Patients not meeting criteria for either response or progression were
considered to have stable disease. Patients with partial response or stable disease by PSA
criteria with no evidence of objective disease progression continued treatment with
cilengitide until criteria for halting therapy were met.

The primary end-point of the study was PSA response rate (complete and partial response)
in patients treated with single-agent cilengitide in non-metastatic castration-resistant prostate
cancer. Secondary endpoints were safety of cilengitide, changes in PSA slope with
treatment, response duration, time to progression and survival. For calculation of pre-
treatment PSA slope, at least 3 PSA values including the lead-in observation period values
on weeks 2 and 4 (baseline) were included. For on-treatment PSA slope, the baseline PSA
and all PSA values in the first 6 months of treatment with cilengitide were considered. The
study was designed to accrue 32 patients to provide 90% power at the 10% significance
level to detect a difference between a 5% versus a 20% response rate. If 4 or more PSA
responses were seen in this population, further study would be undertaken. To prevent
against excess toxicity, if ≥ 3 of the first 12 patients experienced a high-grade non-
hematologic toxicity (grade 3 and/or 4) excluding alopecia, nausea or vomiting, the trial
would stop early. All of the eligible patients (with the exception of those who received no
study medication) are included in the main analysis of the response rate. Survival and time
to progression was determined by Kaplan-Meier analysis.
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Correlative biology studies
In the absence of objective disease in non-metastatic CRPC, we planned to evaluate
circulating tumor and endothelial cells (CTC and CEC). Correlatives included enumeration
of CTC using the CellSearch assay (Veridex, Huntington Valley, PA) and CEC using the
CellTracks reagents (Veridex, formerly Immunicon Corp.). All CTC and CEC enumeration
was performed at Immunicon Corp. and results were communicated to the study authors.
RNA isolation was performed from CTCs and CECs from blood collected at baseline and
the beginning of each cycle. Analyses included serial enumeration of CTCs and CECs in
study patients, comparison of CTC/CEC numbers between patients, and microarray
genotyping of CTCs/CECs.

RESULTS
Baseline Characteristics

Between January 2005 and May 2007, 16 patients were registered to the protocol at 6
centers. The protocol was closed due to lack of any PSA response coupled with slow
accrual. 1 patient progressed clinically before any treatment and was not included in the
toxicity or efficacy analysis. 2 patients who received study drug were deemed ineligible as
they did not meet entry PSA criteria of 3 consecutive rises in PSA but were included in the
toxicity analysis. Table 1 describes the baseline demographic and clinical data of the 13
eligible patients. Median age was 65.5 years, median baseline PSA at registration was 8.4
with a range of 2.2 to 77, Gleason sum was 7 in 46.2% and 8–9 in another 38.5%, and
median Karnofsky performance score was 90 (range, 80–100). 6 patients had undergone
prior radical prostatectomy and 5 had undergone definitive radiation treatment. 3 patients
each had received salvage and adjuvant radiation therapy. Median time since hormone
initiation for the 13 eligible patients was 4.7 years (range, 1–10.6 years). Median pre-
treatment PSA slope was 1.1 ng/mL/month.

Efficacy and Survival
Patients were treated for a median of 3 cycles (range 3–8) with cilengitide. There were no
PSA responses; 2 patients had stable disease (SD) at 12 weeks (figure 2) and 11 patients had
progressed by PSA criteria (2 by imaging also) at first assessment after 3 cycles. Median on-
treatment PSA slope was 1.8 ng/mL/month (not significantly different from pre-treatment
slope) (fig. 2). Time to PSA progression was 1.8 months (95% CI: 0.9–2.8). All patients are
off protocol therapy. With a median follow-up of 3.1 years (range, 16 months –5 years),
median overall survival has not been reached for the cohort; 5 of 13 (38 %) evaluable
patients have died.

Treatment related toxicity
Toxicity was evaluated by NCI-CTCAE (ver. 3) criteria in all 15 treated patients including
the 2 ineligible patients. Therapy was tolerated very well with no grade 4 or higher adverse
events reported (Table 2), There were 2 grade 3 (atrial fibrillation) and 3 grade 2 adverse
events (dyspnea, lymphopenia and osteonecrosis). The patient who developed osteonecrosis
was not on bisphosphonates when he was diagnosed with avascular necrosis of the femoral
head. There were 22 grade 1 adverse events. Dose reduction to −1 dose level was needed in
1 patient (atrial fibrillation).

Correlative analysis
In patients tested at baseline for CTCs (n=9), only 1 had any CTCs (range 0–23) reflecting
the relative paucity of CTCs. For those with CTC data at progression (n=5), CTC increased
from 0 to 1 (2 patients), remained at 0 (2 pt) and decreased from 23 to 0 (1 pt). In patients
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with baseline CEC data (n=10), median CEC number was 26 (range 0–61). 8 patients had
serial CEC counts. At progression (n=7), median CEC was 47 (range 15–148). Low cell
counts and RNA yield precluded correlative gene expression studies. The trend of CECs on
treatment is shown in figure 3. The significance of the transient increase in CECs on
treatment is unclear.

DISCUSSION
Routine PSA measurement after definitive local treatment and use of early androgen
deprivation therapy have resulted in non-metastatic castration resistant prostate cancer
disease state which is characterized by rising levels of PSA despite castrate levels of
testosterone without other evidence of disease[32]. On the control arms of 2 separate
randomized phase III trials evaluating atrasentan and zoledronic acid in non-metastatic
CRPC patients, the median time to metastases was 25 and 30 months respectively[33,1].
Non-metastatic CRPC offers a potential therapeutic window to decrease morbidity from
CRPC by delaying or preventing systemic metastases yet few trials have been conducted in
this stage due to the substantial challenges posed by the lack of measurable disease.
However, the natural history of non-metastatic CRPC is variable with greater PSA velocity
and absolute PSA value predicting a more aggressive clinical course [1]. A risk adapted
approach defined by such factors or other biomarkers including CTCs would certainly
optimize clinical trial design in this setting.

In the absence of a control arm, a lead-in period of observation was proposed to utilize each
patient as his own control by analyzing changes in PSA slope before and on treatment. We
hypothesized that CTC and CEC changes could reflect disease activity and also provide a
method of performing gene expression studies to verify drug activity on the intended target
(the integrin pathway).

In this trial, there was no evidence of activity of Cilengitide as a single agent in this setting.
There are several possible explanations for the result. It is possible that integrin mediated
cell signaling was not abrogated adequately. Our ability to verify if this indeed was the case
and detect drug effect on the intended target was hampered by the paucity of CTCs for the
planned correlative analyses. In retrospect, CTCs (as assayed by the Veridex CellSearch
test) were not ideal correlates for this trial as they are infrequently detected in the non-
metastatic setting [34–36]. Though CTCs have been shown to be prognostic [37] and
possibly predictive of a survival benefit with treatment in metastatic CRPC [38,39], CTC
number appears to be dependent on the tumor burden [35,40]. CTCs are detected more
frequently and at higher numbers per patient in metastatic prostate cancer. In one study,
>65% patients had ≥5 CTCs/7.5ml blood [41]. In contrast, only 14% of patients with
localized epithelial cancer have ≥2 CTCs/7.5 ml. This difference becomes especially
relevant when gene expression studies are planned on CTCs as ≥ 100 CTCs per patient were
necessary in one study to perform such studies [42]. CTCs by currently approved assays are
of questionable value in non-metastatic prostate cancer due to low sensitivity. Methods of
enrichment for CTCs or alternative techniques of detection could prove promising in non-
metastatic CRPC[43].

CECs have been investigated as surrogates for angiogenesis and as prognostic and predictive
biomarkers [44,45]. However, experience with CECs in prostate cancer is more limited than
with CTCs. One study of CECs in metastatic prostate cancer treated with docetaxel found
CEC declines after 2–5 weeks of treatment but not baseline CECs to be of prognostic
value[39].
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It is conceivable that integrin signaling was indeed blocked (suggested by the activity of
Cilengitide at similar doses in GBM and modest activity in metastatic CRPC[46]) but was
not adequate in and of itself in non-metastatic CRPC. The presence of multiple integrin
molecules and other pro-angiogenic pathways provides significant redundancy in
intracellular signaling pathways. Compensatory pathways could be triggered by inhibition of
specific molecular targets (e.g. treatment with an anti-angiogenic peptide Angiotensin II (1–
7) resulted in higher serum levels of pro-angiogenic factors such as placental derived growth
factor [47]). A broad acting pan-integrin inhibitor may show greater clinical activity.
Combination of an integrin antagonist with other therapies including conventional
chemotherapy could enhance activity.

The trial suffered from a familiar problem seen in previous studies of non-metastatic
castration resistant prostate cancer: poor accrual. An ECOG study of chemotherapy
compared to ketoconazole (ECOG 1899) closed due to poor accrual. Novel trial designs and
endpoints to assess potentially cytostatic therapies in non-metastatic CRPC are urgently
needed. PSA based endpoints are likely not suitable to assess activity of cytostatic agents in
non-metastatic CRPC. Change in PSA slope was designed into the trial as one possible
indicator of drug activity but also relies on PSA. It is also unknown how PSA endpoints
relate to clinical objectives in non-metastatic CRPC. The PCCTWG has recommended not
relying solely on PSA to stop therapy [32]. In a phase II trial in metastatic CRPC, this
approach demonstrated evidence of modest activity for single agent Cilengitide[48,46].
Several investigators have pointed out the drawbacks in utilizing conventional endpoints in
trials of targeted agents and have recommended time to event or progression free survival at
a particular timepoint as more suitable[32,49,50]. A placebo controlled randomized trial
with a clinical end point (e.g. metastasis free survival) may be a more optimal trial design to
investigate biological agents in non-metastatic CRPC. The low clinical event rate in the
context of non-metastatic CRPC presents a problem in utilizing such an approach as well
[1].

There was no MTD identified in the phase I trials of Cilengitide. It is unclear if higher doses
of Cilengitide would exhibit increased activity in non-metastatic CRPC. In our trial with this
agent in metastatic CRPC, there was a modest increase in TTP between the 500 mg and
2000 mg/dose arms which is the dose we used in the current trial.[46].

Cilengitide was well tolerated but did not elicit PSA responses in this trial of non-metastatic
CRPC patients. CTCs are of questionable utility in non-metastatic prostate cancer.
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Figure 1.
Treatment Schema
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Figure 2.
PSA velocity before and after treatment with Cilengitide in evaluable patients (n=13)
The broken and solid lines represent median pre-treatment and post-treatment PSA velocity
respectively. Treatment with Cilengitide started at week 0. Individual PSA values for all 13
eligible patients are shown as a scatter plot.
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Figure 3.
Circulating endothelial cells on treatment (0 weeks indicates start of treatment).
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Table 1

Baseline characteristics of eligible patients (n=13)

Median Age (range) 65.5 yrs (53.8–78.1)

Median Karnofsky Performance Score (range) 90 (80–100)

Median baseline PSA (range) 8.4 (2.2–77)

Gleason sum(%) 6 2 (15.4%)

      7 6 (46.2%)

      8 2 (15.4%)

      9 3 (23.1%)

Prior Radiation to prostate 11

 Definitive 5

 Adjuvant 3

 Salvage 3

Radical Prostatectomy 6

No Local Treatment Modality 2

Median time since ADT initiation (range) 4.7 yrs (1–10.6)
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Table 2

Treatment related adverse events

Adverse Event Grade Number

Arthritis 1 2

Increased aspartate aminotransferase 1 1

Constipation 1 1

Diarrhea 1 1

Dry eye syndrome 1 1

Edema 1 1

Fatigue 1 4

Flushing 1 1

Headache 1 1

Decreased hemoglobin 1 2

Hyperglycemia NOS 1 1

Hyperglycemia 1 1

Hyponatremia 1 1

Memory impairment 1 1

Nausea 1 1

Rash (desquamating) 1 1

Toothache 1 1

Dyspnea 2 1

Lymphopenia 2 1

Osteonecrosis 2 1

Atrial fibrillation 3 2

Includes all grade 1 and above toxicities considered unknown, possible, likely or probably related to Cilengitide.
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