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Summary
Metastatic prostate cancer is the second leading cause of cancer related death. While androgen ablation is an
effective initial modality, progression of disease is eventually occurred in majority patients. The benefit of
chemotherapy in overall survival is still unclear. Angiogenesis plays a pivotal role for the growth, invasion, and
metastasis of prostate cancer. Therefore, antiangiogenesis is a promising new therapeutic modality. Currently, there
are more than 20 antiangiogenic agents in various stages of clinical trials. We will discuss current knowledge on
controlling tumor angiogenesis and advances in the development of antiangiogenic agents with promising antitumor
activity in prostate cancer.

I. Introduction
Prostate cancer is the most common malignancy in

American men and the second leading cause of cancer
related deaths (29,900 deaths estimated in 2004) (Rini et
al, 2001; Jemal et al, 2004). It has been estimated that
approximately 20% of men will be diagnosed with
prostate cancer. Since the advent of prostate specific
antigen (PSA) screening, most patients are found with
localized disease. While prostatectomy or radiation
treatment is the standard therapy for early-stage prostate
cancer, 30-40% of patients will develop recurrent and/or
metastatic disease. Androgen ablation with either surgical
orchiectomy or the use of luteinizing-hormone-releasing
hormone (LHRH) agonists with or without antiandrogens
is an effective initial modality for advanced metastatic
disease (Figg et al, 1997; Rini et al, 2001). Although a
majority of patients with advanced metastatic prostate
cancer respond to hormonal therapy for a median of 18-36
months, disease eventually progresses in most patients
(Figg et al, 1997; Crawford et al, 1989). The utilization of
second line hormonal agents such as corticosteroids,
ketoconazole, megestrol acetate, and bicalutamide is
generally associated with low response rates in this setting
(Goktas et al, 1999; Klotz, 2000). Furthermore, such

responses are generally short duration and have no
documented survival benefit.

Chemotherapies have been extensively evaluated in
patients with metastatic androgen independent prostate
cancer (AIPC) since the 1970s. The initial studies showed
low response rates and high toxicities. Recently, however,
with the development of new agents targeting prostate
cancer both on the cellular and molecular level, promising
results have been emerged. The agents, including
docetaxel, mitoxantrone, estramustine, vinblastine and
etoposide, either as a single agent or as a combination
therapy, have showed benefit in clinical response, pain
control, and/or quality of life, with estramustine/docetaxel
combination showing the most promise (Beedassy et al,
1999; Oh, 2000). However, the benefit in overall survival
is still unknown. Therefore, new therapeutic modalities are
needed to prevent progression from early-stage to
advanced metastatic disease and to improve survival
outcomes in patients with advanced APIC.

II. Regulation of angiogenesis
Angiogenesis is the formation of new blood vessels

from the pre-existing vascular bed. It is normally
suppressed and is activated only transiently during
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menstrual cycles and wound healing process (Folkman,
2001). Uncontrolled angiogenesis also occurs in
rheumatoid arthritis, diabetic retinopathy, as well as
neoplastic process. Angiogenesis is a very complicated
process requiring extensive interactions between cells,
cytokines, and extracellular matrix components (Folkman,
2001; Liekens et al, 2001). Angiogenic vessel growth is
normally regulated by a balance of endogenous stimulators
and inhibitors (Table 1). The angiogenesis regulators are
primarily peptide growth factors, proteinases, or cell
adhesion molecules. During angiogenesis, the cooperation
and interaction of these regulators leads to endothelial cell
proliferation, migration, invasion of the basement
membrane, differentiation and capillary-tube formation.
Vascular endothelial growth factor (VEGF) plays a key
role in normal and abnormal angiogenesis since it
stimulates almost every step in the angiogenesic process
(Folkman, 2001; Liekens et al, 2001). Other factors that
have been shown to stimulate angiogenesis include acidic
and basic fibroblast growth factor, angiogenin,
angiopoietin, E-selectrin, fibroblast growth factor-4,
hepatocyte growth factor/scatter factor, interleukin-8,
placental growth factor, platelet-derived endothelial cell
growth factor, platelet-derived growth factor, pleiotropin,
proliferin, tumor necrosis factor-α and transforming
growth factor-α,β. These endogenous angiogenic
stimulators induce new blood vessel formation by either
acting on endothelial cells or activating a broad range of
other target cells and cell-cell interactions. Endogenous
angiogenesis inhibitors include angiostatin, endostatin,
thrombospondin-1,-2, antithrombin III, fibronectin, and
many others (Table 1). The function of these inhibitors is
to suppress new vessel formation or to turn off the
transient process during physiological angiogenesis.

III. Matrix metalloproteinase and
angiogenesis

Angiogenesis ultimately is the culmination of a
cascade of many events. Before new blood vessels form,
the basement membrane and matrix must be broken down

because these materials ordinarily serve as a supportive
matrix and a barrier to endothelial cell migration (Liekens
et al, 2001). This process is usually accomplished by the
proteolytic activity with different enzymes. Matrix
metalloproteinases (MMPs), a family of zinc- and
calcium-containing proteolytic enzymes, are the most
important enzymes in maintaining extracellular matrix
tissue homeostasis and initiating new blood vessel
formation (Wojtowicz-Praga et al, 1996; Brown, 1997).
MMPs are secreted as precursor zymogens and activated
in the extracellular matrix. More than a dozen MMPs have
been identified, with MMP2 and MMP9 being particularly
important in primary and metastatic tumor growth. These
are critical factors in basement membrane degradation to
facilitate invasion of malignant cells and angiogenesis
(Brown, 1996; Nemeth et al, 2002). Studies have
demonstrated that excessive MMP activity and/or
overexpression occur in colorectal, lung, gastric,
malignant glioblastoma, prostate and many other solid
tumors (Curran et al, 1999; Liekens et al, 2001). It also has
been shown that there is a good correlation between the
level of MMPs and the aggressiveness of the tumors
(Parsons et al, 1997).

IV. Angiogenesis and prostate cancer
Angiogenesis plays a pivotal role for the growth,

invasion, and metastasis of solid malignant tumors
(Folkman, 1990). Since a growing tumor requires an
extensive capillary network to provide nutrients, a tumor
will not grow beyond a few cubic millimeters without the
development of new vessels. These newly formed vessels
also provide a disseminating and metastatic route for
cancer cells. In 1971, Folkman first proposed that tumor
growth and metastasis are an angiogenesis-dependent
processes and that inhibition of angiogenesis can be a
novel anticancer strategy (Folkman, 1971). This
hypothesis has been confirmed by a large body of
preclinical and clinical evidence. To initiate new vessel
formation, a tumor must acquire an angiogenic phenotype.

Table 1. Some of the most well-known endogenous regulators of angiogenesis

Angiogenesis Stimulators Angiogenesis Inhibitors

Acidic fibroblast growth factor Angiostatin
Angiogenin Antithrombin III (fragment)
Angiopoietin Canstatin
Basic fibroblast growth factor Endostatin
E-Selectrin Fibronectin
Fibroblast growth factor (FGF)-4 Interferon α and β
Hepatocyte growth factor/scatter factor Maspin
Interleukin-8 Pigment epithelium derived factor (PEDF)
Placental growth factor Platelet factor-4 (fragment)
Platelet-derived endothelial cell growth factor Prolactin (fragment)
Platelet-derived growth factor (PDGF) Thrombospondin-1, 2
Pleiotropin Tumstatin
Proliferin Vascular endothelial growth inhibitor Transforming growth factor
(TGF)-α,β Vasostatin
Tumor necrosis factor (TNF)-α
Vascular endothelial growth factor (VEGF)
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Once changed to an angiogenic phenotype, the tumor
becomes vascularized and can start to grow exponentially.
The transformation to an angiogenic phenotype depends
on a net imbalance of positive and negative angiogenic
factors in tumor cells (10). New capillary formation can
result from the overproduction of stimulators and/or down-
regulation of negative modulators. Importantly, data from
animal as well as human tissue studies suggest that the
acquisition of angiogenic phenotype occurs early in tumor
development. For instance, Brem et al, (1978) reported
that angiogenic activity is significantly higher in
transplanted hyperplastic breast tissues compared with
normal breast counterparts in a rabbit model.

Prostate cancer, like other solid tumors, is also
angiogenesis dependent. The development of prostate
cancer is a multi-step process, advancing from high-grade
prostatic intraepithelial neoplasia (PIN) to focal
carcinoma, then to invasive carcinoma, and finally to
metastatic disease. It is therefore important to target the
molecular events that accompany progression of each step.
Studies have demonstrated that the expression of
angiogenesis stimulating factors such as VEGF, PDGF,
and TGF in prostate carcinoma is increased (Bostwick et
al, 1998; Jones et al, 1999; Lissbrant et al, 2001).
Moreover, it has been shown that there is a progressive
increase in angiogenesis as prostate cancer advances
through various pathologic stages. Siegal et al reported
that microvessel density (MVD) was higher in prostate
cancer tissue than in adjacent hyperplastic or benign tissue
(Siegal et al, 1995). Also, tumor specimens from patients
with clinical prostate cancer have been found to have a
remarkably high degree of vascularization compared with
autopsy-identified prostate tumors from men without
clinical disease (Wakui et al, 1992). Furthermore, studies
have demonstrated that the intensity of angiogenesis as
measured by MVD is a useful prognostic indicator in
prostate cancer. Weidner et al showed that the mean
microvessel count among patients with metastatic disease
was 76.8 microvessels/field, as compared with 39.2
microvessels/field for those without metastases
(P<0.0001) (Weidner et al, 1993). Taken together, these
reports indicate that angiogenesis measurement in prostate
cancer can be used in predicting both the potential for
development of metastatic disease and patient outcome.

V. Antiangiogenesis
The inhibition of angiogenesis, or antiangiogenesis is

a promising new therapeutic anticancer modality.
Currently, there are more than 20 antiangiogenic agents in
various stages of phase I, II, and III clinical trials, and the
list of drugs is growing. These agents act at the different
steps of the angiogenesis regulatory pathway, and lead to
modulation of the process and inhibition of tumor growth
(Ellis et al, 2002; Giles 2002). Mechanistically,
angiogenesis inhibitors can be subdivided into antagonists
of angiogenic stimulators such as VEGF and their
receptors, inhibitors of endothelial cell proliferation and/or
survival, blockers of extracellular matrix degradation
(MMP inhibitors), and drugs with undefined mechanisms
(Table 2). Even though most of antiangiogenic agents are

in early phases of clinical trials, a few of them appear to be
clinically effective (Figg et al, 2001a; Liekens et al, 2001;
Ellis et al, 2002; Giles, 2002). Antiangiogenic therapy has
advantages over conventional chemotherapy, such as ease
of access of drugs to the endothelial cells. Because
endothelial cells in a tumor are usually genetically stable,
drug resistance is less like to develop with
antiangiogenesis therapy. Furthermore, side effects of
antiangiogenic agents should be negligible since
angiogenesis in adults is restricted. However, because
antiangiogenic agents usually simply halt tumor
expansion, it is unlikely that angiogenesis inhibitors will
work with the same rapidity as cytotoxic agents. In
addition, since maximal formation of new blood vessels
occurs when minimal tumor burden is present, the best
opportunity for antiangiogenic agents to have a therapeutic
impact is when there is minimal tumor burden.
Minimizing tumor burden can be achieved with concurrent
with radiation therapy, hormonal therapy and/or
chemotherapy.

The following sections discuss recent advances in the
development of antiangiogenic agents that have shown
promising antitumor activity in patients with prostate
cancer.

A. Thalidomide and its analog
Thalidomide, a glutamic acid derivative, is a potent

teratogen that causes dysmelia (stunted limb growth) in
humans (Stirling, 2001). It was marketed in Europe as a
nonbarbiturate sedative but was withdrawn 30 years ago
because of its teratogenic effects. It has been postulated
that thalidomide-induced limb defects were secondary to
an inhibition of blood vessel growth in the developing
fetal limb bugs. In 1994, D’Amato et al demonstrated that
thalidomide inhibited bFGF-induced angiogenesis
(D’Amato, 1994). Bauer et al subsequently determined
that a metabolite of thalidomide was responsible for this
antiangiogenic activity (Bauer et al, 1998). Thalidomide
was later shown to inhibit the growth of V2 carcinoma and
Lewis lung carcinoma in animal models by antiangiogenic
mechanisms.

These preclinical findings led to clinical testing of
thalidomide as an anticancer drug. In recently years,
thalidomide has been shown to produce clinical activity in
patients with multiple myeloma (MM), glioblastoma
multiforme, and prostate cancer (Figg et al, 2001a,b;
Stirling, 2001). In our phase II trial conducted at the
National Cancer Institute (NCI), 63 metastatic AIPC
patients who were heavily pretreated with hormonal and/or
chemotherapy were treated with thalidomide. Twenty-
seven percent of patients achieved a PSA response (Figg et
al, 2001a), and the inhibition of PSA was associated with
an improvement of clinical symptoms in majority cases.
However, there was no apparent correlation between
microvessel counts in pretreatment tissue biopsies and
responses to thalidomide in this clinical trial. Similarly, a
clear correlation between VEGF and bFGF expression and
responses could not be made via assessment of
pretreatment biopsy specimens.
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Table 2. Angiogenesis  inhibitors in prostate cancer.

Drug Mode of Sponsor Phase Results
action

Anti-VEGF ABX Anti-VEGF NCI, Genetech II in AIPC patients No effects
CC-5013 ↓ TNF-α Celgene I in solid tumor (including prostate cancer) Pending
Celecoxib COX2-I Pharmacia Phase I trial Pending
Marimastat MMP-I British Biotech I in stage III/IV Decrease the rate of rise of

PSA
2-ME ? EntreMed I in solid tumor (including prostate cancer) Pending
Prinomastat MMP-I Agouron III in AIPC patients with mitoxantrone/prednisone.No benefit
SU6416 Anti-VEGF SUGEN II in AIPC patients  No effects
Thalidomide multiple Celgene II in AIPC with or without docetexel Promising

proposed Phase III in D0 patients Pending
TNP-470 CDK-I TAP I in solid tumor (including prostate cancer) No effects

VEGF = vascular endothelial growth factor; TNF-α = tissue necrosis factor-α; COX2-I = cyclooxygenase-2 inhibitor; MMP-I = matrix
metalloproteinase inhibitor; CDK-I = cyclin dependent kinase inhibitor

In another recent phase II trial of weekly docetaxel
with thalidomide in 75 patients with metastatic AIPC
(Figg et al, 2001b), 50% of patients receiving
docetaxel/thalidomide and 35% of those receiving
docetaxel alone had a PSA decrease of at least 50%. While
the median overall survival and 18-month survival in
docetaxel group were 15.9 months and 47.2%,
respectively, the 18-month survival in combination group
was 69.3%, and the median overall survival has not been
reached in this group (Dahut et al, 2004). This result
strongly suggests that the combination of a cytotoxic agent
with an angiogenesis inhibitor is a promising area of
investigation for prostate cancer management.
Thalidomide was well tolerated in vast majority of
patients. Constipation, dizziness, edema, fatigue and
rebound insomnolence after coming off study were the
most common side effects. Thrombotic events occurred in
the thalidomide/docetaxel combination treatment that can
be prevented by prophylactic low molecular weight
heparin (Horne et al, 2003).

Thalidomide is now undergoing many clinical trials
for the treatment of a wide variety of tumors. At the NCI,
a double-blinded randomized phase III study of
thalidomide versus placebo in patients with stage D0
androgen dependent prostate cancer was recently initiated.
The goal of this study is to determine if thalidomide can
improve the efficacy of the LHRH agonist in hormone-
responsive patients with a rising PSA after primary
definitive therapy (surgery or radiation) for prostate
cancer.

CC-5013, α-(3-aminophthalimido) glutarimide, is an
analogue of thalidomide. In vitro  studies have shown that
CC-5013 is more potent than thalidomide in inhibiting
TNF-α production and MM cell proliferation (Celgene
Corporation, Inc, unpublished data). In the rat aortic ring
angiogenesis assay, CC-5013 demonstrated a potent
inhibitory effect on microvessel outgrowth (Figg et al,
2002). In vivo , CC-5013 showed the inhibitory effects on
growth of MM cell line (HS-Sultan). Furthermore,
according to preliminary non-clinical and clinical studies
conducted to date, CC-5013 appears to lack the sedative
and teratogenic activity of thalidomide.

In two phase I studies in MM, a total of 39 patients
with relapsed or refractory disease have been treated with
CC-5013. Patients received doses ranging from 5 mg to 50
mg daily of CC-5013. It was well tolerated with principal
side effects being bone marrow suppression, myalgia,
fatigue, headache, constipation, diarrhea, ringing in ears,
lightheadedness, and mild elevated LFT and creatinine. In
one study conducted at the University of Arkansas,
myeloma response was seen at the higher dosages of CC-
5013. Four of 15 patients had a greater than 25% reduction
(1 patient > 75%) in paraprotein level. Ten of 14 evaluable
patients treated at the Dana Farber Cancer Center
responded to the drug, including 3 patients with > 50%
and 7 patients with 25-50% reduction in paraprotein level.
At the NCI, a phase I trial of CC-5013 is currently
conducting in patients with solid tumors, including
metastatic AIPC, to further study its clinical antitumor
activity.

B. Matrix metalloproteinase inhibitors
(MMPs)

In recently years, several MMPs inhibitors, such as
batimastat, marimastat, prinomastat, and COL-3, have
been developed as anticancer drugs and are being actively
evaluated in preclinical studies and ongoing clinical trials
(Nemunaitis et al, 1998; Macaulay et al, 1999; Heath et al,
2001; Rudek et al, 2001; Ahmann et al, 2002). Batimastat
is almost completely insoluble, and consequently, has a
very poor bioavailability with oral route. Therefore, the
clinical usage of batimastat is limited.

Marimastat has a broad-spectrum inhibitory activity
against most of the major MMPs; including MMP2 and
MMP9 (Nemunaitis et al, 1998). Marimastat is almost
completely absorbed after oral administration with a half-
life of approximately 15 hours. It has been evaluated
extensively in clinical trials in different solid tumors with
promising activity in patients with pancreatic and
colorectal cancer. A total of 88 patients with advanced
metastatic prostate cancer were evaluated in 6 phase I
trials. Marimastat was administrated orally for 4 weeks.
The therapeutic response was measured by decrease in the
rate of rise of serum PSA. In these studies Marimastat was
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demonstrated to reduce the rate of rise of serum PSA in a
dose-dependent manner (Nemunaitis et al 1998 However,
the significance in the change of the PSA slope is unclear.
Marimastat has been well tolerated. The principal side
effect was dose-related joint pain and stiffness.

Prinomastat is a selective inhibitor of
MMP2/MMP3/MMP9. It has been demonstrated that
prinomastat inhibits the growth of PC-3 cells in an animal
model (Shalinsky et al, 1999). Prinomastat was well
tolerated with principal side effect being mild
musculoskeletal toxicity in early clinical trials. In a recent
phase III trial, 406 patients with chemotherapy-naive
AIPC were randomized into mitoxantrone/prednisone with
or without prinomastat. No significant difference in PSA
response rate, progression-free survival, or overall survival
in two groups was observed (Ahmann et al, 2002). While
this result showed no benefit by addition of prinomastat to
chemotherapy in AIPC, it does not preclude the use of
Prinomastat in the treatment of early stage of prostate
cancer.

Alendronate, a bisphosphonate and an inhibitor of
osteoclastic bone resorption, has been shown to decrease
MMP2 and MMP9 secretion in animal models (39). Also,
recent studies demonstrated that bisphosphonates have
antitumor effect in vivo animal systems and promoting
apoptosis of tumor cells in vitro  (Diel et al, 1998; Powles
et al, 1998). Stearns et al evaluated the combination of
alendronate and paclitaxol on human PC3ML cell bone
metastases in SCID mice (Stearns et al, 1996). The
pretreatment of SCID mice with alendronate partially
blocked the establishment of bone metastases by PC3ML
cells and resulted in tumor formation in the peritoneum
and other soft tissues. When used separately, alendronate
and paclitaxel partially inhibited MMP2 production, but
the combination totally blocked protease production and
release. Based on these preclinical results, the NCI
recently completed a randomized phase II trial of
ketoconazole (KT) and alendronate (AL) versus KT in 72
patients with progressive AIPC metastatic to bone. The
proportion of patients with a > 50% decline in PSA was
similar in the 2 groups (47.2% in KT/AL group vs 44.4%
in KT group). However, there was a strong trend toward a
prolonged duration of response in KT/AL group compared
to ketoconazole group (median, 8.9months vs 6.3 months,
respective; p=0.055), and more patients in KT/AL group
have not progressed (Liu et al, 2002). This result suggests
that alendronate, a potential antiangiogenic agent,
improves duration of response in patients with AIPC
treated with ketoconazole.

C. TNP-470
TNP-470, a semi-synthetic derivative of fumagillin,

was one of the first antiangiogenic compounds to undergo
clinical testing (Kruger et al, 2000). Fumagillin is an
antibiotic secreted by Aspergillus fumigatus fresenius
(Ingber et al, 1990). It was subsequently found that
fumagillin is a very potent inhibitor of endothelial cell
proliferation in vitro and tumor-induced angiogenesis in
vivo (Ingber et al, 1990; Kruger et al, 2000). However, the
clinical utility of fumagillin was limited because it caused

profound weight loss in animal studies. Therefore, several
synthetic analogues were developed, and among these,
TNP-470 has shown the least toxicity with the greatest
antiangiogenic activity (Ingber et al 1990; Kusaka et al,
1991). In vitro studies revealed that TNP-470 inhibited
endothelial cell proliferation in a very low concentration
(Kusaka et al, 1994). In vivo, TNP-470 has been
demonstrated to be a potent antiangiogenic agent in the
chick chorioallantoic assay, rat corneal micropocket assay,
and in the rat blood vessel organ culture assay (Ingber et
al, 1990; Kusaka et al, 1991; Kruger et al, 2000).
Furthermore, TNP-470 inhibited the growth of Lewis lung
carcinoma, B16 melanoma, and other tumors in animal
models (Ingber et al, 1990; Kusaka et al, 1991; O’Reilly et
al, 1995). The molecular target of TNP-470 appears to
involve transcription inhibition of specific cyclin-
dependent kinase (cdk) and cyclin gene family members
(Koyama et al, 1996). It might also inhibit cdc2 and cdk2
kinase activation in endothelial cells (Kato et al, 1994).

Several phase I studies of TNP-470 have been
completed in patients with Kaposi’s sarcoma, renal cell
carcinoma, brain cancer, breast cancer, cervical cancer and
prostate cancer (Figg et al, 1997; Bhargava et al, 1999;
Stadler et al, 1999; Logothetis et al, 2001). These phase I
trials often showed that TNP-470 resulted in minor
objective responses and was well tolerated. The major
dose-limiting toxicities were reversible neurotoxicities,
including fatigue, asthenia, nystagmus, diplopia, ataxia,
depression and loss of concentration. Interestingly,
although antitumor activity was not documented in
patients with AIPC, TNP-470 caused a transient increase
of serum PSA. It was subsequently found that TNP-470
enhances PSA transcription in vitro culture systems (Horti
er al, 1999).

D. 2-methoxyestradiol
2-methoxyestradiol (2ME) is a natural metabolite of

the endogenous estrogens estradiol-17β and 17-
ethynylestradiol (Seegers et al, 1989). In contrast to most
estrogens, 2-ME has been shown in preclinical studies to
be potentially efficacious in the treatment of cancer. In
vitro, 2ME has potent antiproliferative activity in many
human cancer cell lines, including Hela cells, Jurkat
leukemia cells, and neuroblastoma cells (Seegers et al,
1989, Cushman et al, 1995, and Nakagawa-Yagi et al,
1996). Human breast cancer cell lines are particular
sensitive to the cytotoxic effect of 2-ME irrespective of the
estrogen receptor status. In vivo, 2-ME has potent activity
in primary and metastatic tumor models. Its activity was
evident in xenograft models derived from a non-estrogen-
dependent human breast tumor cell line (MDA MB-435),
MethA sarcoma, B16 melanoma, neuroblastoma, and
myeloma (Fotsis et al, 1994, Klauber et al, 1997; Arbiser
et al, 1999; Schumacher et al, 2001).

The mechanism of action of 2-ME has not yet been
determined, but studies have shown that 2-ME has a
potent inhibitory effect on the proliferation of blood-vessel
endothelial cells in vitro (Fotsis et al, 1994). Additional
studies have demonstrated that 2-ME causes apoptosis in
cultured arterial endothelial cells and inhibits the
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migration of these vascular endothelial cells (Yue et al,
1997). In vivo, 2-ME has been shown to be a potent
antiangiogenic agent in tumor vasculature studies and
many other models (Fotsis et al, 1994, Klauber et al, 1994;
Zhu et al, 1998). A phase I clinical trial of 2-ME in
metastatic breast cancer patients was recently initiated
(Miller et al, 2001). To date 2-ME has been well tolerated,
and no dose-limiting toxicity noted. 2-ME treatment did
not alter hormonal status in these patients. Ten out fifteen
patients had stable disease. At the NCI, we are currently
conducting a phase I trial of 2-ME in patients with solid
tumors, including metastatic AIPC, to further explore its
clinical benefit, biological as well as molecular activities.

VI. VEGF antibody and inhibitors
VEGF and its receptors play a pivotal role in the

regulation of angiogenesis (Folkman et al, 2001 and
Liekens, 2001). Therefore, inhibition of VEGF and /or its
receptor activity can have a potential benefit in cancer
treatment. Recombinant humanized anti-VEGF (RhuMAb
VEGF, bevacizumab, Avastin (Genetech)) is a monoclonal
IgG antibody. In vivo animal models, it has potent anti-
VEGF activity, and suppresses the growth of a broad
spectrum of human cancer cell lines (Kim et al, 1993;
Warren et al, 1995; Mordenti et al, 1999). Several phase I
trials showed that bevacizumab was well tolerated with
minimal toxicity. A phase II trial of bevacizumab was
conducted in patients with AIPC (Bok et al, 1999).
Bevacizumab showed no significant effects on PSA or
clinical benefits. Therefore, further studies of this antibody
likely will focus on early stage disease, adjuvant
treatment, or in combination with other treatment
modalities. Dr. Picus reported that a phase II trial
combining docetaxel, estramustine and bevacizumab
resulted in 79% of patients having a > 50% decrease in
PSA and 42% had a partial response. Survival and disease
progression have not yet been assessed. (Picus, 2004)

Cetuximab (IMC-C225, anti-EGFR MAb, Erbitux
(Imclone, Bristol-Meyers Squibb Oncology)) was studied
alone and in combination with paclitaxel in a murine
model. Cetuximab alone and in combination significantly
decreased growth of the PC-3M-LN4, in vivo. A decreased
serum concentration of interleukin-8 as well as a decrease
in MVD, and tumor cell proliferation and an enhanced of
apoptosis were all enhanced by coadministration of
paclitaxel (Karahima, 2002).

Semaxanib (SU5416) is a potent VEGF receptor
inhibitor. It inhibits VEGF-mediated FLK1 signaling and
endothelial cell proliferation in vitro culture systems
(Millauer et al, 1993). In vivo, SU5416 has been
demonstrated to inhibit the growth of several type of
tumors in animal models (millauer et al, 1996). SU5416
has been tested in phase I studies, in combination with
androgen ablation and radiation therapy, and in a phase II
study with dexamethasone combination in patients with
AIPC. Dose-limiting toxicities in phase I studies consisted
headache, fatigue, change in voice, nausea and vomiting,
as well as allergic reactions (Cropp et al, 1999). Although
SU5416 had promising results in preclinical models, it was
withdrawn recently due to its lack of efficacy in clinical

trials.

A. Cyclooxygenases inhibitors
Prostaglandins and their derivatives are signaling

lipophilic molecules that regulate many physiologic
processes including the inflammatory response, platelet
aggression, clot formation, and gastric cyto-protection
(Dang et al, 2002). Cyclooxygenases (COXs) are key
enzymes in the conversion of arachidonic acid to
prostagladins. There are two isoforms of the COXs. COX-
1 is a constitutive enzyme that is present in most normal
tissues and is responsible for local prostaglandin synthesis.
In contrast, COX-2 is an inducible form that is normally
only expressed at a low level in some tissues, such as brain
and kidney. COX-2 synthesis is induced by a variety of
stimuli, including inflammatory cytokines, growth factors,
oncogenes (HER2/neu and Src), tumor promoters and
carcinogens (Kosaka et al, 1994; Vadlamudi et al, 1999;
Dang et al, 2002). Studies showed that excessive COX-2
overexpression occurs in colorectal, lung, gastric, breast,
prostate and many other solid tumors (Eberhart et al, 1994;
Ristimaki et al, 1997; Hida et al, 1998; Hwang et al, 1998;
Gupta et al, 2000; Dang et al, 2002). Also, accumulating
evidence suggests that elevated prostaglandin expression
is associated with tumor growth, metastatic potential and
recurrence in a variety spectrum of tumor types. Uotila et
al showed that the expression of COX-2 in prostate cancer
cells is higher compared with normal glandular epithelial
of control prostates (Uotila et al, 2001). Although the
mechanism is unclear, overexpression of COX-2 may
affect different steps in the process of carcinogenesis, such
as immune regulation, cell invasion and proliferation, or
apoptosis. Recently, studies demonstrated that there is a
strong link between COX-2 expression and hypoxia-
induced tumor angiogenesis (Liu et al, 1998). Therefore,
COX-2 overexpression may increase tumor blood supply
and contribute to tumor growth.

In prostate cancer, studies have shown that COX-2
inhibitors could induce apoptosis in prostate cancer cells
in vitro (Liu et al, 1998). In addition, Celecoxib, an
elective COX-2 inhibitor, has been shown to be a potent
antitumor and a chemoprevention agent in a DMBA-
induced rat mammary tumor model (Alshafie et al, 2000).
Furthermore, Kirschenbaum et al reported that the COX-2
inhibitors decrease MVD and angiogenesis in prostate
cancer tumor models (Liu et al, 2000). Based upon these
preclinical observations, COX-2 inhibitors, the potential
antiangiogenesis agents, have been tested as
chemoprevention as well as treatment modalities. Several
clinical trials reported that Celecoxib and other NSAIDs
have chemoprevention effects on intestinal adenomas in
patients with familial adenomatous polyposis (FAP)
(Waddell, et al, 1983, Hawk et al, 1999; Steinbach et al,
2000). Currently, exisulind, a COX-1/COX-2 inhibitor, is
being evaluated in phase I/II trials in prostate cancer
patients, either as a single agent or in combination with
docetaxel. Also, a neoadjuvant trial is currently conducting
in prostate cancer, in which patients are randomized to
receive either celecoxib or placebo prior to radical
prostatectomy. The results of these trials will help to
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determine the future role of COX-2 inhibitors in the
treatment and chemoprevention of prostate cancer.

VII. Conclusion
Antiangiogenesis, a new treatment and prevention

strategy in patients with prostate cancer and other tumors,
is being developed as either monotherapy or a
combination therapy. While preclinical models appeared
very promising, with the exception of a few agents, early
clinical studies of angiogenesis inhibitors in patients with
prostate cancer exhibited disappointed results. Most
clinical studies reported that no complete
angiosuppression or clinical benefit can be obtained.
However, it is too early to conclude that they are
ineffective since they have been used only in late stage
metastatic prostate cancer. In addition, lack of
effectiveness is these trials is not surprising since multiple
steps and a variety of factors required for angiogenesis,
and by inhibiting one factor is insufficient. Therefore, it is
possible that synergistic anti-tumor effects can be obtained
by targeting of multiple points in the angiogenic cascade,
or by combining angiogenesis inhibitors with radiation
therapy, hormonal ablation or cytotoxic therapies. It is
expected that within the next decade, these combinations
will provide new modalities in the treatment of prostate
cancer.
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