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This review describes the curvent state of chemotherapy for
androgen-independent prostate cancer, Landmark clinical trials,
including TAX 827, a vandonized trinl comsparing docetoxel and
preduisone with mitoxantrone and preduisone, and SWOG 9916
a vandomized clinical trial comparing docetuxel gind estrnmustine
with  miloxanirone and preduisone, are reviewed: Novel
combination Hierapies, involving taxane adwinistered with
compounds such as caleitrol and thalidomide, newer cytotoxic
agents, vaccine therapies, and fargeted nodalities are also detailed.
This review mainly fotuses on agents with ackiviby in phase I
chinieal trials.
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introduction

Adenocarcinoma of the prostate is’ the most-common. solid
fomor in US males, and 45 second. only to lung cancer as a
cause of cancer death, In 2005, prostate cancer accountid for
an estimated 33% of cancer cases and 10% of cancer deaths
in the US [1}. Therapy directed at presumably. Jocalived
disease is successful in the majority of cases, whether by
operative migans or fadiation. Despite treatment involving
radical prostatectomy, progression rates at five and tenyears
are estimated to be 22 and 25%, respectively, as measured by
prostate-specific antigen. (PSA} Jevels [2]. As with any
metastatic ‘malignancy, therapy for non-localized disease
requires systemic treatment Until recently, medical or
surgical castration was the only tenable systemic therapy
available to men with metastatic prostate cancer, The
method of androgen deprivation dates back to 1941, when
Huggins & Hodges reported the efficacy of castration and
estrogens in the treatment of advanced prostate cancer [3¢],
Unfortunately, the efficacy of androgen deprivation is
limited by the progression to androgen-independent

cancer, this progression typically occurs within 12 to 18
months, resulting in a median survival of two fo three years.

The progression to androgen independence is multifactorial.
When prosiate cancer is androgen-sensitive, testosterone
enters the cell and is enzymatically converted fo
dihydrotestosterone (DHT); which exerts its influence in the
nucleus and activates genes involved in cell growth. As
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prosiate cancer progresses to androgen independencs, it

develops various 'pathways' allowing for growth in the
absence of testosterone. For example, cells may increase the
synthesis of androgen receptors, allowing them to flourish
with very low levels of testosterone. This is known as the
‘hypersensitive pathway'. In the 'promiscuous pathway’, the
androgen receptos mutates and is activated by a broad range
of other circulating steroids, The androgen receptor is
inactive unless phosphorylated. In the ‘outlaw pathway', the
receptor  is aberrantly phosphorylated  allowing  for
constitative receptor activation. In contrast, a ‘bypass
pathway' allows for cell survival in the absence of androgen
receptor activation, allowing cells fo avoid apoptosis in an
anti-androgen environment [4].

Background to the treatment of AIPC
Reviews by Yagoda & Petrylak [5] and Raghavan ef ol [6]

acewrately portraved the available cyiotoxic agenis as

ineffective in freating AIPC. Clinical trials evaluating
anthracyclines, alkylating agends, antinwetabolites, platinum-
based agents and topoisomerase inhibitors were reviewed
[5.6; overall response vates of B.7% were noted in 26 clindcal
¢rials conducted between 1987 and 1991. The broad range of
reported resporwe rates aml the lack of standardized
objective  responses  confounded . the  reviewers, - who
described ‘the chemotherapentic Tandscape as ‘chaos” {51
Subsequently, the PSA yesponsé was accepted a5 the
standard endpoint when measuring the efficacy of new
chemotherapeutic agenfs. A 1999 consensus .conference
défined a partial response in a clinical trial a8 & minimum
PSA decline of at least 50% confirmed by a second PSA
walue of similar levels 4 or more weeks later in the absence
of chinical or radiographic evidence of disease progression
during this time period [7]. This is what is typically meant
by a 'PSA response’ end s wsed as a measure of
demonstrable activity in phase II clinical trials,

Clinical treatment with taxanes

Pocetaxel {Taxotere} 5 a semi-synthetic tmane, which
disrupts normal mitosis by binding to P-tubulin and
preventmg microtubule disassembly. This event leads to an
arvest in the cell cycle at the &M phiase and, uldimately,
apoptosis. Various pro-apoptotic mechanisms of docetaxel,
including  inactivation of Bcl-2 by phosphorylation,
inducton of p53 and overcominy multidrug resistance have
also been proposed [4]. Initial phase II clinical trials with
docetaxel revealed more encouraging vesponse’ rates than
any previous agent in AIPC and led to two large phase T
trials, both of which were reporied in 2004

Docetaxel plus estramustine versus mitoxantrone
plus prednisone

The randomized clinical trial, Southwest Oncology Group
(SWOG) 9916 trial, compared. docetaxel and estramustine
(D/B) with mitoxantrone and prednisone: (M/F) in the
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treatment of advarwed refractory prostate cancer [8e¢]. The
M/P aroy was included based on previous demonstrations
of a palilative benefit, although this was without any
observable survival benefit. In a prior study conducted by
Tannock ek al, pain relief and a decline in average analgesic
consumption were greater in patients receiving M/P than
prednisone alone [9s]. In the SWOG 9916 study, 770 men
with progressive AIPC received one of two treatments, each
given in 3-week cycles: estramustine (280 mg three times
daily} on days 1 to 3, docetaxel (60 mg/m? on day 2, and
dexamethasone (60 mg) in three divided doses before
docetaxel; or mitoxantrone (12 mg/m? on day 1 plus
predrisone (5 mg twice daily). Median survival rates in the
D/E and M/P groups were 175 and 156 months,
respectively (p = 0.01). PSA response (50 versus 27%) and
the objective response rate in patients with known soft tissue
disease (17 versus 11%) were also significantly greater in the
D/E arm [8es]. However, the D/E group had a statistically
significant higher rate of grade 3 or 4 neutropenic fevers (5
versus 2%}, cardiovascular events {15 versus 7%), nausea
and vomiting {20 versus 3%} metabolic disturbances {6
versus 1%} and newrologic events (7 versus 2%). There was
no observed difference in grade 3 or greater peutropenda
between the treatment groups [Bee]. Although the median
sirvival benefit was only 2 months, this study set a rew
standard for the efficacy of chemotherapentic agents i
ATPC,

Docetaxel plus prednisone versus mitoxantrone
plus prednisone

TAX 327 was a multi-institutional, prospective, randomized
clindeal trial comparing docetaxel’ and predudsone with
mitoxantrone and prednisone [10ee]. T this trial, 1006 men
with ATPC received prednisone (5 my twice daily} and were
randomly assigned 1o three treatment groups: mitoxantrone
{12 mg/n@) every 3 weeks, docetaxel (75 mg/m®) every 3
weeks or docetaxel (30 myg/im?) weekly for § of every 6
weeks, Overall survival was the primary endpoint There
was no stafistically significant difference i the weekly
docetaxel group, but a difference was observed in the 3-
week arm compared with mitoxartrone (189 versus 16
months; p = 0.009). Pain reduction frequency, as a secondary
endpoint, was only significantly reduced in the 3-week
docetaxel arm when compared with niitoxantrone {35 versus
22%; p = 001). The median duration of pain reduction was
the same across all groups at 3.5 to 5.6 months. The rates of
PSA response {45 to 48%; p < 0.001) were significantly
greater in patients teceiving docetaxel compared with
atitoxantrone, regardless of the dosing schedule  An
fmprovement in quality-of-life was more Hkely in patients
receiving docetaxel compared with mitoxantrone {22 to 23%
versus 13%;p < 0.01). The weekly docetaxel schedule was
included to determine whether a reduced dose administered
weekly would result in fewer adverse events or improved
oittromes; however, this effect was not borme out in the data.
The adverse event vate in the 3week docetaxel arm was
26%, compared with 29% when administered weekly.
Significantly more adverse events ocourred in the docetaxel
treatment arms than with mitoxantrone (20%); In sunomary,
an every 3-week regimen of docetaxel (75 mg/m?) with
predrisone (5 mg) twice daily was superior to weekly dosed
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-canicer cefl proliferation and incresses the -cytotoxicity  of

docetaxel and had a similar sideeffect profile o
mitoxantrone and prednisone [10ss], The US Food and Drug
Administration (FDA) approved this regimen shortly
thereafter for the treatment of AIPC.

Role of estramustine in AIPC

Results from the SWOG 9916 and TAX 327 studies defined
the role of estramustine in the freatment of AIPC, and
altered the treatment paradigm for this cancer type {11¢]. In
comparable patient populations, a similar efficacy (48 to 50%
PSA response) was observed for patients receiving
estramustine and docetaxel (SWOG 9916} and predunisone
and docetaxel (TAX 327). However, the toxicity profiles in
the two clinical trials differed significantly. In the TAX 327
study, none of the patients reported grade 3 nausea and
vomiting, compared with-a 20% incidence in the SWOG 9916
estramustine arm. Additionally, no patients iix the TAX 327
study suffered grade 3 or higher cardiovascalar or clotting
adverse’ events, while a 15% incidence was noted in the:
SWOG 9916 study. Nausea, vomiting and
cardiovescular/clotting  events are  well  known
complications of estramustine administration: because of its:
high estrogen content 4], Thus, estramustine, when
administered with docetaxel does ot appear to offer
increased efficacy over predniscne and docetaxel, and is
Lkely the cause of incressed gasboirtestinal and
cardiovascular toxicities. Therefore; it appears that the
administration. of estramustine with docetaxel for AIPC is
unwaranted, and possibly barmful,

Docetaxel as adjuvant therapy

The benefits of adjuvant chemotherapy observed in breast and
colon carcer patients led 1o this treatment option being
evalmated In a phase I clinical trial of docelnsel after
prostatectomy. Post-prostatectomy patients (o= 77y with s bigh
risk of prostate cancer recurrence received docetaxel (35
meg/m?) on days 1, 8 and 15 of a 28-day cycle. Docetaxel was
well tolerated; however, the oncological outvomes of this study
are pending. The TAX 3501 study is-a phase Il randomized,
controlled trial comparing observation, androgen deprivation
therapy (ADT) and ADT/docetaxel i the adjuvant setting.
Enrollment for ts clinical tial began in late 2005, Those
patients who progress in the observation group will be
randomized toeither ADT or ADT/docetaxel. The resulis of the
TAX 3501 trial, with a projected sraollment of over 2000
patients, should highlight the roles of both hormonal therapy
angd chemotherapy in the adjuvant setting {12].

Other taxane combination trials
After the encouraging results from investigations of the
effect of single-agert docetaxel in the TAX 327 study,
interest has turred to several taxane combination therapy
protocols. The combination of calcitriol or thalidomide with
docetaxel has generated considerable interest, Caleitriol, the
most active metabolite of vitamin I, decreases prostate

taxanes independent of Bcl-2 [13]. Based on encouraging
phase I trials: data, the AndrogervIndependent Prostate
Cancer Study of Caleitriol Enhancing Taxotere (ASCENT)
trial ‘was initiated. This randomized, placebo-controlled
clinival trial was designed to evaluate the efficacy of high-
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dose calcitriol combined with docetaxel. Patiends with AIPC
{n = 250} were randomized to receive either placebo and
docetaxel, or a capsule formulation of calcitriol (DN-101
{Novacea Inc), 45 pg orally once weekly) and docetaxel
Docetaxel was administered according o the 30-myg/m?
weekly dose schedule described in the TAX 327 study,
rather than the every-3-week regime. The primary endpoint
of this study was PSA response, Interim results of this study
have been reported in abstract form [14], PSA response within &
. months was 58% for patienfs receiving calcitriol/ docetaxel
compared with 49% for those receiving placebo/docetaxel;
~ however, this was not a statistically significant difference (p =
0.16). In patients with measurable disense, & trend toward
improved objective response rate was rioted {28 versus 20%; p >
. 0.05). Serious adverse evenis were Jess common iy the DN-101
group (24 versus 36%; p.~ 0.068). A full report on the ASCENT
trial is pending, particularly details of secondary endpoints and
progression-free sureival,

Several trials are currently evaluating docetaxel in
combination with agents that interfere with tumor
neovascularization. Thalidomide is a potent teratogen with
anti-angiogenic properties, as evidenced by the stunted limb
growth in exposed fetuses. A randomized, phase II clinical
trial of docetaxel plus thalidomide versus single-agent
docetaxel has been reported [15]. In this study; 75 patients
with AIPC were randomized to receive docetaxel (30
g/, or thalidomide (200 mg) daily plus docetaxel (30
myg/m). The PSA response was 37% in the docetaxel alone
arm and 53% in the combination arm, although this did rot
reach statistical significance (p = 032). However, the
response rates did satisfy criteria for further evaluation. The
18-month survival rate was 42.9 and 68.2% for the docetaxel
alone and combination arms, respectively {p = 0.11)
Although the observed response did not reach statistical

significance, improvement was demonstrated in all the
standard outcome measures: PSA  response, time-fo-
progression (TTP) and overall survival Only 2 small
number of patients were included i this study and it was
ot designed to evaluate overall survival; therefore, larger,
randomized clinical trials are necessary to better evaluate
the efficacy of this regimen in patients with AIPC.

Future treatment modalities

Cytotoxic agents

Satraplatin (GPC Biotech AG; Figure 1) is a third-generation
oral platinum(IV) complex anticancer agent, with clinically
demonstrated antitimor activity [16]. On the basis of
promising phase I clinical trials data, the Satraplatin and
Prednisone Against Refractory Cancer (SPARC) trial was
fnitiated in 2003, and expanded in 2004 to include several
more Buropean sites. SPARC is a multicenter, randomized,
double-bliid, phase I study designed to evaluate
satraplatin as a second-line chemotherapy in patients with
metastatic AIPC that have failed previous cytotoxic
chemotherapy [17}. Currently there are nio approved agents
for the second-line treatment of hormone-refractory prostate
cancer, and the US FDA has granted accelerated approval
status o satraplatin in the SPARC clinical trial, which is
currently ongoing,
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Figure 1. The structure of satraplatin.
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Epothilones are microtubule inhibitors with an action
similar to that of taxanes but with the added advantage of

‘activity in taxane-resistant tumors. The epothilone B analog

ixabepilone (BMS-247550, Bristol-Myers Sqdbb;. Fignre 2)
has demonstrated clindcal activity.in a phase II clinical tial
[18]. PSA response was observed in 21 out of the 44 patents
receiving ixabepilone, and in 31 out of the 45 patiends

receiving ixabepilone plus. estramustine phosphate [18].

Phase I and I clinical trials are ongoing.

Figure 2. The structurs of ixabeplione,

Ixabepilone
{Bristotiymrs Squibh)

Vaccines

As cancer is-increasingly being viewed, at least in part, a5 a
Breakdown of immune system surveillance; researchers are
seeking ways to increase the effectiveness of the immune
system. Thus, tumor vaccine therapy is a promising area of
research.

GVAX (Cell Genesys Inc) is a vaccie In which irradiated
patient-derived prostate cancer cells are transduced. in
witro. with grmniocyte»macmphage colony-stimulating
factor. The role of this vaceine is o recruit and stimulate
peripheral blood monocytes and mcm*phages -against
malignantcells. A phase I clinical trial comparing GVAX
with docetaxel plus prednisone is underway. Additional
combination studies of docetaxel and GVAX are also being
designed [4].

Provenge (APC-8015; Dendreon Corp) has been designed to
help the body develop an immune response to prostate

‘cancer cells. Auwlegaus antigen-presenting cells (APCs) are

loaded with a fusion protein combining a prostate-specific
protein and a molecule specifically targeting an APC surface
receptor. Results from a phase Il clinical trial are
encouraging, with reports of amedian time to progression of
118 days. One patient with AIPC had a decrease in PSA

from 221 ng/mi to undetectable levels, which remained

undetectable for four years [19]. A randomized, phase 1
trial in patients with asympiomatic, metastatic AIPC is
underway, in which 275 patients will be randomized to
Provenge or inactivated APCs [200].
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Onyvax-F (Onyvax Lid) is a cell vaccine composed of theee
jrradiated allogeneic cell lines. Cells from primary and
metastatic  disease are included in ‘this vacche, and
theoretically, the broad range of antigéns will improve its
efficacy and help avoid resistance. Based on encouraging
phase I clinical trials data in ATPC patients, a phase III trial
is to be initiated [4],

Targeted therapies

Targeted therapy refers to the inhibition of specific signal
transduction molecudes that are important for cell growth.
Vascular endothelial growth factor (VEGE} and endothelin-1
{EX-1) ave two targets that are being evahsated inclinical trials.

Bevacizumab {(Avastin} i85 a monoclonal antibody that
targets VEGPE, binding and inactivating # thereby
nentralizing its primaty pro-angiogenesis effects. The effect
of bevacizumiab in combination with docetaxel and
estramustine (CALGB 90006) was initially evaluated in 79
patients with AIPC. Of this patient set, 32 had measurable.
disease, with. nine (53%) of these demonstrating a partial
sesponse, Furthermore, a > 50% decline i PSA levels was
noted 165% of 20 evaluable patients [21]. CALBG 90401 5 a
randomized, phase HI dinical trial currently acoruing
pationds with AIPC. The #rial will conipare: the effect of
combining bevacizumab with docetaxel plus prednisone
with docetaxel plus predudsone on overall survival [22].

E'f-ixsapc)mvamconsmctmﬁmtphysam}em&w
mediation of osteoblast growth and function. Blocking the ET-

/BT receptor pathway may therefore black. the 'wole of

osteoblasts, which play a pathological role in bone metastases
i AIPC [23]. Atrasentan (Xinlay, Abbott Laboratories; Figare 3)
is an ofally adntinistered; selective ETa yeceptor antagonist
w?mhhasdemm&s&ate&acﬁvﬂymcinm&iﬁmls{%,%i A
sandomized, phase T clinical trial comparing.  daily
sdninistration of atrasentan (10 mg po) with placebo i 941
patients with ATPC (MO0 244), with a primary endpoint of time
fo progression, is underway {20¢]; To fwvestigate the effect of
combination therapy in patients with AIPC, a randomized,
placebo-controlied, phase HI clinical trial comparing atraservan
in combination with docetxel plus prednisone with docetaxel
phus prednisone s planned (SWOG 50421). The trial has been
approved butis rot yet underway [200]

Figure 3. The structure of atrasentan,

@NJWO

e,

Conclusion
After decades without significant progress in: the treatment
of AIPC, niew and innovative theraples are being developed
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in earnest. Encouraging response vates have been obtained

from landmark clindcal trials evaluating docetaxel in

combination with estramustine or prednisone, and results
from these studies have influenced future treatment
regimens for AIPC. Promising chemotherapeutic agents,
emerging tamor vaccines, targeted therapy, and novel
combination regimes are all under active investigation.
These studies will hopefully play a role both in current
investigational therapy and as a bridge to future modalities.
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