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Introduction

Prostate cancer has become the most common non-
cutaneous cancer in the United States (US) since
the late 1980°s and early 1990°s generally attributed
to the prostate-specific antigen (PSA) screening
that detected more early-stage prostate cancers.' In
2011 alone, about 240,890 men will be diagnosed
and about 33,720 will die of prostate cancer mak-
ing it the second leading cause of cancer death in
American men, behind lung cancer.? While most
patients are cured especially when the disease is
still localized and treated by radical prostatectomy
and/or radiation therapy, with still about one-fifth of
patients undergoing active surveillance for indolent
disease, around 20% to 40% of patients who undergo
primary therapy experience biochemical relapse
([PSA > 0.2 ng/mL for those who undergo surgery),
and 30%—70% of those with biochemical recurrence
develop metastatic disease within 10 years after
local therapy.’

Since prostate cancer is believed to be an
androgen-driven disease, initial therapy for patients
with biochemical recurrence or for metastatic disease,
often consists of androgen deprivation therapy (ADT)
with a gonadotropin hormone-releasing hormone
(GnRH) agonist or by surgical castration. About half
of patients with prostate cancer is estimated to receive
ADT at some point during the course of their disease.®
While most patients will respond initially to ADT with
corresponding improvements in biochemical, clinical
or radiographic parameters, most patients eventually
experience progression despite castrate testosterone
levels, and thus a need for new, ongoing treatments
are necessary. To this end, multiple treatment modali-
ties have been explored since the landmark trials
that led to the approval of docetaxel for metastatic
castration-resistant prostate cancer (CRPC).”®

This review summarizes pre-clinical and clinical
data that led to the Food and Drug Administration
(FDA) approval of several new agents in the treat-
ment of prostate cancer and discusses mechanisms
of action and rationale for the use of these drugs in
the pre- or post-docetaxel-refractory disease setting
(see Table 1 for summary). This review serves to raise
awareness of newly available drugs, some of which
have shown overall survival benefit, but unanimously
have changed the landscape of treatment in advanced
prostate cancer.

Mechanisms of Castration Resistance
ADT has been the cornerstone of treatment for locally
advanced and metastatic prostate cancer, which
can be achieved either through chemical castration
with Gonadotropin Releasing Hormone Agonists
(GnRH-A) and antagonists or by surgical castration
through orchiectomy. Monotherapy with the use of
nonsteroidal anti-androgens have also been used on
occasion, as well as in conjunction with ADT, termed
combined androgen blockade (CAB) or total andro-
gen blockade. Although the use of CAB offers sur-
vival advantage of about 2%-3%,’ it comes at the
expense of increased cost and toxicity. While most
patients will respond to ADT initially, this occurs at
varying durability with eventual castration resistance
gradually ensuing. Therefore, there is an increasing
need to determine ways of abrogating the phenom-
enon of castration resistance. The primary use of
ADT is commonly referred to as first line use of hor-
monal therapy. When castration resistance emerges,
further hormonal manipulation beginning with anti-
androgen withdrawal is often employed as a first step.
Henceforth, second-line hormonal manipulation is
undertaken to achieve additional PSA responses.
CRPC is characterized by a progressive rise in
PSA despite castrate levels of testosterone, which
typically is <50 ng/dL though emerging studies have
shown that <20 ng/dL may be more ideal.'>!" Bio-
logically, the androgen receptor (AR) plays a key
role in the mechanisms that underlie the progression
of hormone-dependent prostate cancer to one of cas-
tration resistance. Although ADT reliably decreases
serum testosterone in >90% of cases, the levels of
intratumoral decline in androgen may be less so.'*!
Therefore, this allows expression of AR and other
androgen-responsive genes unchanged. Furthermore,
it had been shown that the AR is persistently upreg-
ulated during progression in certain prostate cancer
cell lines.!* Various pathways, both androgen-de-
pendent and independent, have been described
in bringing about castration resistance.'” Several
involve the AR signaling pathway which includes de
novo or intratumor-derived androgens,'® which sig-
nal and activate the AR since intratumoral conversion
of weak adrenal androgens dihydroepiandrosterone
(DHEA) and androstenedione into potent testoster-
one and dihydrotestosterone can occur, effecting AR
activation.!” Other androgen-dependent mechanisms
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including AR overexpression or amplification, AR
upregulation at the transcriptional levels, change
in co-factor levels, and promiscuity of the AR in
binding with other ligands can also occur.” Still
others involve bypassing usual known routes of
testosterone conversion to dihydrotestosterone.'®
Androgen-independent mechanisms bypassing the
AR include phosphatase and tensin homologue
(PTEN) via Akt-activation."

The pathways operative in the progression of
castration resistance is essential to the understanding
of drug development in the treatments especially of
metastatic CRPC. The following section discusses
the most recent therapies currently approved by the
US FDA for the treatment of prostate cancer.

Recent Agents Approved
for Prostate Cancer

Degarelix

Background on degarelix

While gonadotropin receptor hormone (GnRH)
agonists are the most widely used forms of ADT,*
they do have certain drawbacks, the most important of
which is the transient surge in serum testosterone that
has the potential to stimulate tumor growth, as well as
causing a variety of effects including worsening uri-
nary symptoms, bony metastasis leading to bone pain
or cord compression.?! The initial testosterone surge
is blocked by concomitant anti-androgen use during
the first few weeks of treatment, which is also not
without side-effects. This led to the development of
a new class of ADT, the GnRH receptor antagonists.
GnRH receptor blockers block the GnRH receptor
directly in the pituitary, rapidly blocking the release
of LH and FSH reducing testosterone secretion. Since
those GnRH antagonists do not cause the initial stim-
ulation of the LH production, they do not cause the
testosterone surge or clinical flare.?> Abarelix was the
first GnRH receptor blocker developed for prostate
cancer treatment but was associated with systemic
allergic reactions.”® Further development brought
about degarelix, a GnRH receptor antagonist that
was approved in December 2008 by the FDA in the
US for the treatment of patients with advanced pros-
tate cancer, followed in February 2009 by EMEA
approval for adult males with advanced hormone-
dependent prostate cancer. Degarelix obviates a lot of
the systemic side-effects of other GnRH antagonists

such as abarelix as it does not have the histamine-
releasing potential effects.?*

Early clinical phase | and Il studies

Degarelix is a fully synthetic, linear decapeptide
amide analogue of natural GnRH that contains seven
amino acids, five of which are D-amino acids.”> An
early phase I study showed safety in 36 healthy young
male volunteers where degarelix was administered
intravenously, intramuscularly or subcutaneously
with all routes resulting in acute suppression of LH,
FSH and testosterone,?® but high concentrations were
achieved after intramuscular or subcutaneous admin-
istration resulting in a longer half-life compared to
the intravenous administration.

Several multicenter, open-label, randomized,
dose-finding phase II studies were conducted to deter-
mine the optimal dose of degarelix. The first study
CS02 involved 129 patients with locally advanced
or metastatic prostate cancer with a PSA above
20 ng/mL.?" Patients who received the 80/80/40 mg
degarelix regimen (80 mg on day 0, 80 mg on day 3,
40 mg on day 28) benefited the most from suppression
of testosterone at days 3, 28 as well as after 6 months,
with rapid PSA declines. CS12 and CS14 were two
open-label randomized, 1- year studies, of similar
design comparing different dosing regimens. In the
CS12 study, 189 patients were randomized to one of
six degarelix treatment groups: initial dose of either
200 or 240 mg followed by monthly maintenance dis-
ease of 80, 120, or 160 mg. 92% of the patients who
received a 240 mg starting dose of degarelix achieved
a testosterone level < 0.5 ng/mL at day 3, compared
to 88% of the patients who received the 200 mg
and the difference was maintained at 1 month (95%
versus 86%; P = 0.048). The maintenance dose of
160 mg provided the highest efficacy in terms of pro-
viding long-term testosterone suppression.”® The CS
14 study demonstrated that 89% of the 127 patients
achieved testosterone levels of <0.5 ng/mL by day 3,
with improved testosterone control after one month
of treatment. Furthermore, the maintenance dose of
80 mg appeared the most effective in maintaining
castrate testosterone levels to 1 year (98% for 80 mg,
93% for 60 mg).? The median time to a 50% reduc-
tion of PSA was 14 days and the median time to 90%
reduction was 56 days in both maintenance dose
regimens.
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Pivotal phase Il study

Given the promising phase II trials using degarelix, a
phase III three—armed randomized trial (CS21) evalu-
ating the efficacy and safety of two doses of degarelix
versus a standard 7.5 mg dose of the LHRH agonist
leuprolide was conducted, with the primary endpoint
being suppression of testosterone to <<0.5 ng/mL at all
monthly measurements from day 18 to day 364.° In
this trial, 610 patients with biochemical failure as well
as those with hormone-sensitive metastatic disease
were randomized into three treatment arms, namely
degarelix at 240 mg initial dose followed by monthly
subcutaneous doses of 80 mg, the 2nd arm with an ini-
tial 240 mg followed by monthly 160 mg doses and the
3rd arm with monthly 7.5 mg intramuscular injections
of leuprolide, along with bicalutamide 50 mg daily
for prevention of flares. The primary end point was
achieved similarly in all arms, 97.2% of the patients in
the first arm, 98.3% of the patients in the second arm
and 96.4% of the patients in the third arm. PSA levels
were also measured at days 14 and days 28 of initiation
of treatment and were statistically significantly lower
in the first two degarelix arms as compared with the
leuprolide arm, with median PSA declining by 64%
in the 240/160 arm, 65% in the 240/80 arm and 18%
in the leuprolide arm. Exploratory post-hoc subgroup
analyses performed on the CS21study showed that
higher testosterone levels led to slower achievement
of castrate levels though still significantly faster for
the degarelix arm in all subgroups compared to the
leuprolide group.?

An extension trial involving 134 prostate cancer
patients who were switched from leuprolide to degare-
lix at either a monthly maintenance dose of 80 mg or
160 mg showed serum testosterone of <0.5 ng/mL
was sustained during the observation period from
days 3-84.%2 PSA levels were reduced more rapidly
during the first 28 days of treatment in the degarelix
groups with median reduction of 65% at day 14 and
83% at day 28 whereas the leuprolide group had a
median decrease in PSA of 20% at day 14 and 68%
at day 28. There was a noted initial increase of FSH
level in the leuprolide arm, followed by a decrease
of about 75% of the FSH level at day 28, with poten-
tial significance in the transient surge in FSH in the
leuprolide arm given the role of FSH as a driver of
bone loss because of bone resorption. Thus, stron-
ger suppression of FSH by the antagonist suggests

a potential advantage which could be addressed in
studies comparing the BMD in treatment groups.*

Safety

Degarelix was found to be well tolerated in all phases
of'the clinical trials. The most frequent adverse events
in the phase II studies were typical androgen depri-
vation symptoms that included hot flushes, fatigue,
as well as injection-site pain (37%, 11% and 9%,
respectively). No drug-related deaths occurred.??!
Degarelix injection induced a higher rate of injec-
tion site reactions than leuprolide (40% versus 1%,
P < 0.001) although the local reactions occurred
mostly after the first injection and degarelix induced
more chills (4% versus none in the leuprolide arm)
which generally occurred 5-10 hours after admin-
istration. In addition, cardiovascular effects on the
use of both drugs were almost similar, including QT
prolongation, arrhythmias and ischemic heart disease,
all occurring <10% of the cases.*

Sipuleucel-T

Background

Sipuleucel-T (APC 8015, Provenge™, Dendreon)
is an active cellular immunotherapy, a therapeutic
cancer vaccine that is designed to stimulate an immune
response to prostate cancer. It consists of autologous
peripheral blood mononuclear cells (PBMCs),
obtained through leukapharesis and cultured in
vitro for 3 days with PA 2024, a prostatic acid
phosphatase (PAP) fusion protein and granulocyte-
macrophage colony-stimulating factor (GM-CSF).
These cells are then reinfused into the patient inducing
an immune response to PAP-expressing prostate
cancer cells.*® Sipuleucel-T was the first of its kind
anti-cancer immunotherapy agent to be approved by
the US FDA in April 2010, indicated for treatment of
patients with asymptomatic or minimally symptomatic
metastatic CRPC.

Early phase | and |l studies

The clinical development of sipuleucel-T was based
on preclinical demonstration of lymphocytic infil-
trates in rat prostate tissue following administration
of antigen presenting cells (APCs) incubated with
a fusion protein of rat prostatic acid phosphatase
(PAP) linked to rat granulocyte-macrophage colony-
stimulating factor (GM-CSF).* In the human studies
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of sipuleucel-T, prostate cancer patients treated with
PBMC:s containing APCs incubated with PA2024, the
recombinant fusion protein of human PAP-GM-CSF,
an immune response was demonstrated, there was
no dose limiting toxicity and a PSA response was
observed in 10%—15% of the patients.*’-**

Phase Il studies

Two initial phase III trials were conducted to study
the efficacy of sipuleucel-T in patients with progres-
sive metastatic CRPC. The D9901 phase III placebo-
controlled trial included 127 patients with progressive
metastatic CRPC that were randomly assigned in a
2:1 ratio to be treated with Sipuleucel-T versus pla-
cebo every two weeks.* The study failed to meet its
primary endpoint of median time to disease progres-
sion (11.7 weeks for Sipuleucel-T vs. 10.0 weeks for
placebo; P = 0.052). However, median overall sur-
vival (OS) was significantly improved by 4.5 months
in favor of Sipuleucel-T (25.9 months vs. 21.4 months,
P =0.01). Meanwhile, D9902A was a double-blind,
placebo controlled trial of patients with metastatic,
asymptomatic, CRPC in which the study halted after
98 patients were enrolled given “negative” findings
of the D9901 study. In the combined analysis from
D9901 and D9902A however, a significant improve-
ment in OS was found in the sipuleucel- T group ver-
sus placebo (23.2 months vs 18.9 months, P = 0.01),
though no improvement in median time to progression
(TTP) was noted (11.7 vs. 9.7 weeks, P = 0.111),%
which were the predefined primary endpoint.*! Given
the OS benefit, and after further discussion with the
FDA, another phase III study called the IMPACT
(Immunotherapy for Prostate AdenoCarcinoma
Treatment trial) was launched which ultimately led to
the landmark trial that got Sipuleucel-T approved
(D9902B).* In this double-blind placebo-controlled
multicenter study, 512 patients with asymptomatic
or minimally symptomatic metastatic CRPC patients
with no visceral metastases were randomized to
Sipuleucel-T (n = 341) versus placebo (n=171) in a
2:1 ratio. Treatment was given as over 1 hour infusion
every 2 weeks at weeks 0, 2 and 4. The vast majority
of the patients were chemo-naive with <10% hav-
ing received prior chemotherapy and were required
to be off steroids. The patients who were pre-treated
were required to be off chemotherapy for more than
3 months. The primary end point in this study was met

with a median OS for the treatment arm improved by
4.1 months (25.8 months vs. 21.7 months, P = 0.03),
after a median follow-up of 34.1 months. A relative
reduction of 22.5% in the risk of death compared
with placebo was reported in the Sipuleucel group
(P =0.03). The benefit was seen across groups regard-
less of baseline PSA levels, lactate dehydrogenase,
alkaline phosphatase, number of bone metastases,
Gleason score, ECOG performance status, and sever-
ity of pain. Similar to the preceding trials however,
the secondary endpoints of time to objective disease
progression, showed no statistical significance.

Safety

Sipuleucel-T was generally well tolerated in all
clinical trials. The most common toxicities were
infusion-related rigors, pyrexia, tremors, chills, myal-
gia, hypertension, hyperhydrosis and groin pain. These
events were generally mild or moderate in severity
and generally resolved within 1 to 2 days which led
to hardly any treatment interruption occurring in only
0.9% of the patients.

Cabazitaxel

Background

Cabazitaxel (Jevtana™; Sanofi-Aventis, Paris, France)
is a semi-synthetic taxane that uses a precursor
molecule extracted from yew tree needles. Cabazitaxel
inhibits microtubule depolymerization and cell
division by binding to tubulin, resulting in cell cycle
arrest. It was selected for clinical development due to
its poor affinity for ATP-dependent drug efflux pump
P-glycoprotein (P-gp)* and its greater blood-brain
barrier penetration,* compared to paclitaxel and doc-
etaxel in preclinical models. Cabazitaxel has also
demonstrated superior in vitro cytotoxicity compared
to docetaxel in several murine and human cancer cell
lines.* Cabazitaxel was approved by the US FDA on
June 17, 2010 for patients who have failed docetaxel
as second-line therapy.

Early phase | and |l studies

An early phase I clinical trial showed safety in
25 patients with advanced solid malignancies
refractory to conventional treatments, the largest
subgroup comprising of prostate cancer patients
(8 patients, 32%), were treated with 102 courses of
3-weekly cabazitaxel at 4 dose levels, ranging from
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10 mg/m? to 25 mg/m** A total of 22 patients had
received prior chemotherapy (88%), and 8 patients
had received prior taxane-based therapy (32%).
A median of 4 cycles (range 1-9) was administered.
Pharmacokinetic analyses showed a rapid initial
phase was followed by a longer intermediate phase
(t1/2 = 2.5 minutes and 1.3 hours, respectively) with
a prolonged terminal phase (t1/2 = 77.3 hours). The
dose-limiting toxicity (DLT) of cabazitaxel was neu-
tropenia, with 1 case of febrile neutropenia and 2 cases
of grade 4 neutropenia occurring at a dose of 25 mg/m?
without routine use of growth factor support in these
studies, although ultimately administered in patients
developing grade 4 neutropenia. Non-hematologic
toxicities were generally mild in nature; the most
commonly encountered adverse events were diarrhea
(52%), nausea (40%), and vomiting (15%). Objective
responses in this study included 2 confirmed partial
responses observed in 2 patients with prostate can-
cer, with minor responses seen in two patients, one
of whom had prostate cancer. Twelve patients (48%)
had stable disease for greater than 4 months.

The clinical approval of cabazitaxel follows one of
the fastest tracks of clinical drug development with no
phase II trials of cabazitaxel in patients with advanced
prostate cancer ever conducted, but a phase II study
in 71 patients (61 evaluable) with metastatic breast
cancer was central to the 25 mg/m? dosing selected
for the eventual phase III trial.** After a median
follow-up of 20 months, the median overall survival
was 12.3 months and median time to progression was
2.7 months.

Pivotal phase Il trial

Given the promising results in the phase I trial of
cabazitaxel, a randomized, multicenter, multinational,
phase 3 trial (EFC6193; TROPIC) was conducted to
compare cabazitaxel with mitoxantrone in patients
with CRPC who had progressed despite docetaxel-
based chemotherapy.*

Patients were randomly assigned to receive
either cabazitaxel 25 mg/m* intravenously over
1 hour or mitoxantrone 12 mg/m? intravenously over
15-30 minutes on day 1 of each 21-day cycle, with
prednisone 10 mg daily. Premedication, consisting
of single intravenous doses of an antihistamine,
corticosteroid and histamine H2-antagonist, was
administered 30 minutes prior to cabazitaxel

administration, while anti-emetic prophylaxis was
given at physicians’ discretion. Due to the risk of
mitoxantrone-induced cardiotoxicity, a maximum of
10 cycles of treatment were allowed. Patients were
given prophylactic granulocyte colony stimulating
factor only if prolonged neutropenia was encountered
in earlier cycles. The primary endpoint of the study
was overall survival. Seven hundred and fifty-five
patients were randomized, 371 of the patients in
each arm received the intended treatment however
more patients receiving cabazitaxel completed the
full treatment course compared to patients receiving
mitoxantrone. The protocol was amended to exclude
patients previously treated with a cumulative docetaxel
dose lower than 225 mg/m? to increase the likelihood
of enrolling a true “docetaxel-refractory” population.
The baseline characteristics and treatment history of
the two groups were similar.

At median follow-up of 12.8 months, an over-
all survival benefit was demonstrated for patients
receiving cabazitaxel compared with mitoxantrone
(15.1 month vs. 12.7 months, HR 0.70, P < 0.0001).
Secondary outcomes that also favored treatment with
cabazitaxel over mitoxantrone included progression-
free survival (2.8 vs. 1.4 months, HR 0.74, P < 0.0001),
tumor response (14.4% vs. 4.4%, P = 0.0005), PSA
response (39.2% vs. 17.8%, P=0.0002), time to tumor
progression (8.8 vs. 5.4 months, P, 0.0001), and time
to PSA progression (6.4 vs. 3.1 months, P = 0.001).
However, pain control and time to pain progression
were similar among the two treatment arms.

Safety

As was shown in the phase I experience, the most
common toxicity associated with cabazitaxel therapy
in the TROPIC trial was neutropenia (94%).*® Grade
= 3 neutropenia occurred in 82% of cabazitaxel
patients, with 8% of patients developing febrile
neutropenia. Furthermore, the incidence of neutrope-
nia varied significantly by region, with rates of neutro-
penia in North America exceeding those in the Europe,
therefore prompting the prophylactic use of growth
factors especially in those at high risk for neutrope-
nia, such as those patients who are 65 years or older,
have poor performance status, had previous episodes
of febrile neutropenia, extensive prior radiation ports,
poor nutritional status, or other serious comorbidi-
ties, with further approval of cabazitaxel in the US.*

Clinical Medicine Insights: Urology 2011:5

27


http://www.la-press.com

El-Ayass et al

&,

Common all grades non-hematologic toxicities in
patients receiving cabazitaxel included diarrhea
(47%), fatigue (37%), and asthenias (20%). A total
of 18 patients (5%) died within 30 days of the last
cabazitaxel infusion, compared with 9 patients (2%)
receiving mitoxantrone therapy. In the cabazitaxel
arm, 7 patients (2%) died of complications related
to neutropenia, while 5 patients (1%) died of car-
diac causes. The rates of neuropathy with cabazitaxel
were relatively low, only 1% of patients reporting a
grade 3/4 event (14% for all grades) though patients
with severe neuropathy post-docetaxel were excluded
from TROPIC.

Denosumab
Background
Bone metastasis frequently occurs in prostate can-
cer patients and may result in increased morbidity
and mortality. Furthermore, bone pain, pathologi-
cal fractures, hypercalcemia, and other bone-related
complications undermine quality of life. When can-
cer cells metastasize to the bone, their growth is
promoted under the influence of a variety of growth
factors that are supplied from the bone as a con-
sequence of osteoclastic bone resorption.* This, in
turn, causes an increased production of osteoclast-
and osteoblast-stimulating cytokines in these can-
cer cells, leading to a further increase in bone
remodeling. This vicious cycle between bone and
metastatic cancer cells supports the development
and progression of bone metastases. Accumulat-
ing evidence shows that receptor-activator of NF
Kappa-B ligand (RANKL), a cytokine expressed in
osteoblasts and bone marrow stromal cells, plays an
important role in the formation, activation, and sur-
vival of osteoclasts, which are key players in bone
remodeling, and thus has been used in in men with
prostate cancer receiving hormone therapy to pre-
vent bone loss.*¥

Denosumab, a fully human monoclonal anti-
RANKL antibody, serves to inhibit and disrupt the
ongoing aforementioned vicious cycle. The etiology
of compromised bone heath in castrate resistant
prostate cancer are multifold and encompasses
reduced bone mineral density from castration
treatment, accompanying glucocorticoid use, and
inherent biologic changes related to the cancer and
bone metastases.’!

Denosumab was approved by the FDA in
November 2010 for the prevention of skeletal-
related events in patients with bone metastases
from solid tumors. It differs from zoledronic acid
in that denosumab is administered subcutaneously
with less concern for renal toxicity or for renal dose
adjustments.*?

Early phase Il trials

A phase II study looked at the effect of denosumab
on elevated urinary N-telopeptide, which repre-
sents excessive bone resorption, in 111 patients
with mainly prostate or breast cancer who had bone
metastases.”® Randomization to bisphosphonate
therapy (pamidronate or zoledronic acid) or subcuta-
neous denosumab on a fixed schedule was performed.
Results showed that the proportion of patients with
urinary N-telopeptide lower than 50 was maintained
at week 25 in 64% of the denosumab arm compared
to 37% in the bisphosphonate arm. Skeletal-related
events was notably lower in the denosumab group
(8%) versus 17% in the bisphosphonate arm. There
was no difference in the rates of adverse events.

Pivotal phase Il trial

Denosumab was initially studied in men with
non-metastatic prostate cancer receiving ADT. In a
double-blinded phase III trial, 1,468 men received
either denosumab (60 mg) subcutaneously every six
months or placebo. At 24 months, bone mineral den-
sity of the lumbar spine had increased by 5.6% in the
denosumab group compared with a loss of 1.0% in
the placebo group (P value of <0.001). There was
also a decrease in incidence of new vertebral fractures
at 36 months for patients on denosumab (1.5% versus
3.9%, P value of 0.006). Rates of adverse events were
similar between the two groups in the trial.* This trial
has led to the recent FDA approval for a new indica-
tion of denosumab increase bone mass in men at high
risk for fractures while receiving ADT.

In the second study, denosumab was compared to
zoledronic acid in 1904 patients with bone metastases
from castrate-resistant prostate cancer.>* While there
were no significant effects on PSA progression or
overall survival, denosumab significantly extended
the time to first on-study skeletal-related event
which was the primary endpoint, with a median
time of 20.7 months compared with 17.1 months for
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zoledronic acid (hazard ratio of 0.82, P value of 0.008
for superiority).

Safety

Common side-effects with the use of denosumab
included hypocalcemia with an incidence of 13%
(versus 6% in the zoledronic acid arm).** Therefore,
sufficient calcium and vitamin D levels must be
reached and maintained before and during denosumab
therapy. Other common side-effects included urinary
andrespiratory tract infections, cataracts, constipation,
rashes, and joint pain. A small study found a slightly
increased risk of cancer and severe infections, but
these results did not reach statistical significance.>
It has been proposed that the increase in infectious
complications with denosumab use might be related
to the role of RANKL in the immune system, which is
expressed by T helper cells and thought to be involved
in dendritic cell maturation.>® Osteonecrosis of the jaw
occurred infrequently but was found to be increased in
patients receiving denosumab (2% of the denosumab
group compared with 1% of the zoledronic acid
group), although exact mechanisms are yet unclear.*

Abiraterone

Background

Abiraterone acetate (Zytiga™, Jansenn Biotech, Inc.)
is a novel inhibitor of CYP17, an enzyme respon-
sible for steroid biosynthesis leading to production
of androgenic and estrogenic steroids. Given persis-
tence of ligand-mediated androgen receptor signaling
as one of the key drivers of castration resistance, the
design of a potent, selective, and irreversible inhibitor
of CYP17 was formulated. Abiraterone (CB7598) is
an oral, potent, selective, and irreversible inhibitor of
CYP17 thatis 10- to 30-fold more potent than the non-
selective inhibitor, ketoconazole. Abiraterone acetate
(AA) along with prednisone use attained approval
from the US FDA on April 28, 2011 for metastatic
CRPC after docetaxel failure.”’

Early phase | and Il studies

The prodrug 3-B-O-acetate (AA, CB7630) is rapidly
de-acetylated to the active metabolite in vivo, in con-
trast to its parent drug which has poor bioavailability.*®
AA is highly protein bound and is metabolized in
the liver by CYP3 A4 and SULT2 Al to inactive
metabolites, excreted in feces (~88%) and urine

(~5%) with a terminal half- life of 12 = 5 hours. In
preclinical toxicology studies, AA reduced the weights
of androgen dependent organs and had minimal side
effects in other organs.”® Earlier first-in-man studies
established suppression of testosterone synthesis in
non-castrate patients for 12 days continuously to men
with prostate cancer.®’ A phase I trial included 21 che-
motherapy-naive men with CRPC and was treated with
once-daily, continuous AA, which escalated through
five doses (250 to 2,000 mg) in three-patient cohorts.*!
Although antitumor activity was observed at all doses,
the 1,000 mg dose was selected for cohort expansion
(n =9) because of a plateau in the pharmacodynamic
effect. Declines in prostate-specific antigen = 30%,
50%, and 90% were observed in 14 (66%), 12 (57%),
and 6 (29%) patients, respectively, and lasted between
69 to =578 days. To rapidly evaluate the antitumor
activity of abiraterone acetate, expansion of the phase I
study into a two-stage, single-arm, phase II trial that
included 54 chemotherapy-naive CRPC men with fur-
ther expansion of 42 patients, treated with once daily
1,000 mg abiraterone acetate using a two-stage design
to reject the null hypothesis if >7 patients had a PSA
decline of =50% was undertaken.®* Evaluation every
12 weeks and circulating tumor cell (CTC) enumera-
tion were performed. A decline in PSA of =50% was
observed in 28 (67%) of 42 phase II patients, and
declines of =90% were observed in eight (19%) of 42
patients. Partial responses (Response Evaluation Cri-
teria in Solid Tumors) in nine (37.5%) of 24 phase II
patients with measurable disease were seen, along with
declines in CTC counts. The median time to PSA pro-
gression (TTPP) on AA alone for all phase II patients
was 225 days (95% CI, 162 to 287 days). Exploratory
analyses performed showed that the addition of dex-
amethasone at disease progression reversed resistance
in 33% of patients regardless of prior treatment with
dexamethasone.

AA was also tested in phase II clinical trials in
docetaxel-pretreated CRPC.%¢ The first study was
conducted in 58 metastatic CRPC patients who
experienced treatment failure with docetaxel-based
chemotherapy and received AA (1,000 mg daily)
with prednisone (5 mg twice daily). Twenty-seven
(47%) patients had received prior ketoconazole.
The primary outcome of =50% decline in PSA
was confirmed in 22 (36%) patients, including 14
(45%) of 31 ketoconazole-naive and seven (26%) of
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27 ketoconazole-pretreated patients. In 22 patients
with RECIST-evaluablelesions, partial responses were
seen in four (18%) of patients. Furthermore, improved
performance status was seen in 28% of patients.
Median time to PSA progression was 169 days (95%
CI, 82 to 200 days). CTC conversions with treatment
from =5 to <5 were noted in 10 (34%) of 29 patients.
Themajority of AA-relatedadverse events were grade 1
to 2, and no AA-related grade 4 events seen, with
reduction of incidence of mineralocorticoid-related
by adding low-dose prednisone.®® Another phase II
multicenter study confirmed the significant antitumor
activity of daily 1,000 mg AA given in patients with
docetaxel-pretreated CRPC.%** The primary outcome
of =50% PSA decline in at least 20% patients was
met with 47 patients enrolled. Results have shown a
PSA decline of =30%, =50% and =90% in 68%,
51%, and 15% of patients, respectively. Median time
to PSA progression was 169 days (95% CI, 113 to
281 days). CTCs were enumerated in 34 patients;
27 (79%) of 34 patients had at least five CTCs at base-
line. Eleven (41%) of 27 patients had a decline from
at least five to less than 5 CTCs, and 18 (67%) of 27
had a =30% decline in CTCs after starting treatment
with AA. Mineralocorticoid excess was effectively
managed with a mineralocorticoid receptor antago-
nist or a low-dose of glucocorticoid.

Pivotal phase Il trial

Given the promising results in the phase I and II trials
of abiraterone, a phase III trial (COU-AA-301) that
ultimately led to the FDA-approval of abiraterone
acetate for metastatic CRPC after progressing
through docetaxel enrolled 1195 patients who were
randomized ina2:1 ratio toreceive 5 mg of prednisone
twice daily with either 1000 mg of abiraterone acetate
(797 patients) or placebo (398 patients).®> The trial
was conducted to compare the safety and efficacy
of AA in men with mCRPC previously treated with
docetaxel, with the primary endpoint of OS.

After a median follow-up of 12.8 months, the
overall survival was longer in the abiraterone
acetate—prednisone group than in the placebo—predni-
sone group (14.8 months vs. 10.9 months; HR 0.65;
P <0.001). Since these results exceeded the preplanned
criteria for study termination, data were unblinded at
the interim analysis. All secondary end points, includ-
ing time to PSA progression (10.2 vs. 6.6 months;

P < 0.001), progression-free survival (5.6 months vs.
3.6 months; P < 0.001),and PSAresponse rate (29% vs.
6%, P < 0.001), favored the treatment group.

Safety

The safety profile observed for patients who received
AA was fairly similar with the placebo group with
most adverse events occurring as grade 1 and 2
toxicity, with fatigue as the most common, fol-
lowed by back pain, nausea, constipation, bone pain,
and arthralgias. Grade 1 and 2 urinary tract infec-
tion was more frequent in the abiraterone acetate
group (12%, vs. 7% in the placebo group; P = 0.02).
Similar rates of treatment discontinuation due to
adverse events were seen in both groups, 19% for
AA and 23% for placebo. Given the CYP17 inhibi-
tion, adverse events associated with elevated miner-
alocorticoid levels were expectedly more common in
the AA arm compared with placebo (fluid retention
and edema, hypokalemia, and hypertension, cardiac
disorders and liver-function test abnormalities were
more common in the abiraterone acetate group than
in the placebo group (55% vs. 43%, P < 0.001). No
individual grade 4 adverse events occurred in 2% or
more of patients in either treatment group.

Other promising agents in development
MDV3100

MDV3100 is an experimental androgen receptor
antagonist drug that was developed by Medivation
for the treatment of CRPC. MDV3100 has about a
fivefold higher binding affinity for the AR compared
to bicalutamide and does not promote transloca-
tion of AR to the nucleus and in addition prevents
binding of AR to DNA and coactivator proteins.%
In vitro LNCaP cells treated with MDV3100showed
expression of androgen dependent genes PSA and
TMPRSS2 which were down-regulated in contrast to
bicalutamide where the expression was up-regulated.
MDV3100 also induces tumor cell apoptosis, and has
no agonist activity.

In a phase I-1I study, 140 patients with metastatic
CRPC underwent dose escalations of MDV3100,
starting at 30 mg daily.®” The results demonstrated
anti-tumor effects at all doses, including decreases
in serum prostate-specific antigen of 50% or more in
56% of'the patients studied. There were also responses
in soft tissue in 22% of patients (13 out of 59) and
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conversion from unfavorable (=5 CTC/7.5 ml of
blood) to favorable (<5 CTC/7.5 ml of blood)
circulating tumor cell counts in 49% of patients (25 out
of 51). The median time for radiological progression
was 47 weeks. The maximum tolerated dose of
MDV3100 was 240 mg daily with the most common
adverse event being dose-dependent fatigue (observed
in 11% of patients). Long-term follow-up efficacy
data from this trial was presented at ASCO-GU in
February 2011, which showed MDV 3100 continues
to demonstrate durable antitumor activity as evaluated
by median times to PSA progression and radiographic
progression.

An international, multi-center, randomized,
placebo-controlled, phase III study (AFFIRM) has
finished enrollment with a target accrual goal of
1199 patients to determine whether MDV3100 will
detect an overall survival difference in patients
with metastatic castration-resistant prostate cancer
who were treated with prior docetaxel. A phase III
trial (PREVAIL) looking at the use of MDV3100 in
a chemotherapy-naive population who have failed
androgen deprivation therapy is currently ongoing.

In addition, there is an open phase II trial (TER-
RAIN) comparing MDV31000 with bicalutamide in
prostate cancer patients who have progressed while
on leuprolide or underwent surgical castration. The
primary endpoint of the trial is progression-free
survival. Another phase II trial that is examining
the effects of MDV3100 monotherapy on prostate
cancer patients who have not had any prior hormonal
therapies or chemotherapy is open with target accrual
of approximately 60 patients in Europe with PSA as
the primary endpoint.

Cabozantinib

Cabozantinib (XL184), which is developed by Exe-
lixis, is an inhibitor of the cell-signaling molecules
hepatocyte growth factor receptor (MET) and vascular
endothelial growth factor receptor 2 (VEGFR2).%
MET signaling contributes to the spread of cancer
cells while VEGFR2 plays a role in tumor blood ves-
sel growth.

A phase Il randomized discontinuation trial using
cabozantinib in patients with metastatic CRPC with
a target accrual of 200 patients but halted with 168
patients when high rates of clinical activity was
observed, used cabozantinib 100 mg daily over

12 weeks with response assessed every six weeks.*
Of the 100 evaluable patients in the lead-in phase,
86% (56/65) of patients in the trial had complete or
partial resolution of lesions on bone scan as early
as week 6. Improvement of pain was seen with 64%
having improved pain and 46% had decreased or
halted narcotics. There was improvement in ane-
mia with a median rise of 2.2 g/dL in hemoglobin.
Objective response in soft tissue was seen in 84%
of patients. At week 12, the disease control rate was
71%, and the randomization was halted. The most
common related adverse events were fatigue (11%),
hypertension (7%), and hand-foot syndrome (5%)
with drug discontinuation done in 10% of patients.
This agent therefore shows promising results
especially in terms of pain control and bone scan
results and further investigation in phase III trials
is anticipated.

TAK-700

TAK-700 (Orteronel, developed by Millennium
Pharmaceuticals), is a novel, non-steroidal androgen
synthesis inhibitor of the enzyme CYP17Al. In a
phase I/II trial, 26 patients with metastatic CRPC
were enrolled at five different dose levels ranging
from 100 mg to 600 mg twice daily dosing.”® All
patients treated with =300 mg had a PSA decline.
Twelve of 15 patients (80%) who received TAK-
700 = 300 mg for =3 cycles had PSA reductions of
=50% and 4 of 15 (27%) had reductions = 90%. The
most common adverse events were fatigue followed
by non-dose-related GI events such as nausea, consti-
pation, and vomiting. Updated results on 96 patients
was presented showing PSA response rates (=50%
decrease) at 12 weeks of 63%, 52%, 41%, and 62%
in the 300 mg twice daily, 400 and 600 mg daily with
prednisone, and 600 mg daily groups, respectively.”!
Of the 43 patients with RECIST-evaluable disease,
6 had a partial response, 23 had stable disease, and
9 had disease progression. The mean circulating
tumor cell numbers were also found to be decreased
in all groups.

Other ongoing trials include a phase 1/2 study
of TAK-700 in combination with docetaxel and
prednisone in men with metastatic CRPC and two
phase III trials comparing TAK-700 with prednisone
versus placebo with prednisone in patients who are
chemotherapy-naive and post-docetaxel treatment.
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Sequencing of treatment

While all the recent developments have brought
about exciting changes to the landscape of prostate
cancer therapy, clear guidance on how to sequence
each of these drugs is unknown. The prevailing
thought is to try and endeavor to have most patients
see through each treatment in varying states of their
disease. While treatment algorithms are not currently
available, certain principles of therapy can be made
in the treatment of advanced prostate cancer in the
setting of these newly available drugs.”” Long before
any treatment existed for metastatic CRPC except for
docetaxel, the debate had centered on when to com-
mence chemotherapy and most clinicians commence
chemotherapy in the symptomatic metastatic state, a
practice that some have questioned,” considering the
potential improvement in survival even in those who
are minimally or asymptomatic patients.” While
some guidelines have been put forth by European
agencies,” suggesting commencement of chemo-
therapy in those who have failed through 2 prior

Diagnoses

in 2011

[ 240,890 cases ]

hormonal manipulations, no such recommendations
are available in the US. The practice of commencing
chemotherapy in symptomatic patients has largely
been adopted secondary to the belief that no alter-
native effective second-line therapy was available.
However, subgroup analysis of the TAX-327 trial did
indicate that patients who were asymptomatic at the
time of receipt of docetaxel fared better than those
who were symptomatic, with prolonged survival at
a median of 25.6 months compared with those who
were symptomatic with a median of 17.1 months
(P = 0.009).” Whether or not these asymptomatic
men would have done well regardless of receipt of
treatment is unknown. Heretofore is the population
of men for which vaccine therapy with Sipuleucel-T
is currently indicated. Earlier studies with the use of
vaccines in the post-chemotherapy setting have not
been successful, and clinical studies that follow sug-
gest that the use of immunotherapy has the greatest
yield in earlier settings where tumor burden is lower
and generation of immune responses against pros-

Biochemical CRPC progression to
Recurrence metastatic CRPC

v
[ 33,720 deaths ]

Rising PSA
Clinical
metastases: Clinical metastases: Castrate
N Hormone- Sipuleucel-T (asymptomatic or
0 responsive: minimally symptomatic)
. standard: ADT Docetaxel (symptomatic)
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Prostate Ca ADT, local Bisphosphonates
or salvage Denosumab
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y
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. Rx: 2ndary
Rx Trials
hormonal Rx
Clinical Trials

CURED

Clinical

Radiopharmaceuticals .
P Trials

Supportive

Figure 1. Natural history and changing landscape in the treatment paradigm for prostate cancer. Localized prostate cancer is treated with varying local
therapies including surgery or radiation and majority are cured. About 30% will present with biochemical recurrence for which no current standard treat-
ment (Rx) exists but ADT (Androgen deprivation therapy), further salvage options are often employed. Persistent PSArise to castrate-resistant levels in the
absence of metastases often results in use of secondary hormonal treatment (Rx). Progression to clinical metastases entails use of ADT and use of bone-
targeting agents. However, with further CRPC (Castration-resistant prostate cancer), Sipuleucel-T is indicated for the asymptomatic or minimally symp-
tomatic patient and docetaxel for symptomatic disease. Further standard 2nd line therapies approved in the US includes cabazitaxel and abiraterone.
Note: *The use of radiopharmaceuticals have been evolving and can be used, as clinically indicated, in varying phases of treatment.
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tate cancer tumor-associated antigens is possible.”
To this end, the prevailing thought is to initiate
immunotherapy earlier on in the disease course, in
asymptomatic or minimally symptomatic men with
metastatic CRPC, the current indication for Sipuleu-
cel-T (see Fig 1). While overall survival is signifi-
cantly impacted, progression-free survival is not,
suggesting that other mechanisms are operative in
bringing about this change and perhaps an altera-
tion in the biologic disease itself is causative in the
improvement in survival. Nonetheless, this approach
is pragmatic, since patients who are asymptomatic
or minimally symptomatic do not have manifesta-
tions that urgently need to be addressed and certain
approved therapies, such as docetaxel and abirater-
one in particular,’® have known pain palliative effects.
How to best sequence agents in post-docetaxel
chemotherapy are yet unknown. Current practice
dictates that patients who have overall good perfor-
mance status cycle through the currently approved
second-line treatments of abiraterone or cabazitaxel,
though individualized discussion of both merits and
adverse effect profiles of each agent must be taken
into consideration with each patient. With regard to
bone-targeting agents, increasing awareness of the
use of denosumab as front-line treatment for this
population of patients is being implemented likely
because of the ease of administration and less rigor
in the kidney function monitoring.’> In addition,
promising radiopharmaceuticals such as samarium-
153 lexidronam, are currently in use,”*®’ and newer
agents such as radium-223 have also shown promis-
ing results.®!#2

Conclusions

The changing landscape in the treatment of prostate
cancer has never been as robust. However, more work
still needs to be done in improving the overall state of
metastatic CRPC treatment, from aspects of increased
surveillance and diagnostic measures of metastatic
disease, utilization of optimal markers in determining
when to begin therapy or when to switch, and to actual
discovery of novel pathways and mechanisms of dis-
ease and the means to target them. Current clinical trial
design approaches may have to be revisited, assessment
of composite response to treatment as well as ascertain-
ment of survival response (ie, progression-free survival
versus overall survival) depending on the agent used,

would be of paramount importance given several agents
now that have shown overall survival gains. Certainly,
moving these agents earlier in the clinical disease state is
also being implemented, and currently a moving target.

Disclosures

Author(s) have provided signed confirmations to the
publisher of their compliance with all applicable legal
and ethical obligations in respect to declaration of con-
flicts of interest, funding, authorship and contributor-
ship, and compliance with ethical requirements in
respect to treatment of human and animal test subjects.
If this article contains identifiable human subject(s)
author(s) were required to supply signed patient consent
prior to publication. Author(s) have confirmed that the
published article is unique and not under consideration
nor published by any other publication and that they
have consent to reproduce any copyrighted material.
The peer reviewers declared no conflicts of interest.

Conflicts of Interest

Dr. Aragon-Ching has served on the Speakers’ Bureau
of Sanofi-Aventis and Centocor-Orthobiotech/Jansenn
pharmaceuticals.

References

1. Cooperberg MR, Lubeck DP, Meng MV, et al. The changing face of low-risk
prostate cancer: trends in clinical presentation and primary management.
J Clin Oncol. 2004;22(11):2141-9.

2. Siegel R, Ward E, Brawley O, et al. Cancer statistics, 2011: the impact
of eliminating socioeconomic and racial disparities on premature cancer
deaths. CA Cancer J Clin. 2011;61(4):212-36.

3. Pound CR, Partin AW, Eisenberger MA, et al. Natural history of progres-
sion after PSA elevation following radical prostatectomy. JAMA. 1999;
281(17):1591-7.

4. Uchio EM, Aslan M, Wells CK, et al. Impact of biochemical recurrence
in prostate cancer among US veterans. Arch Intern Med. 2010;170(15):
1390-5.

5. D’Amico AV, Cote K, Loffredo M, et al. Determinants of prostate cancer
specific survival following radiation therapy during the prostate specific
antigen era. J Urol. 2003;170(6 Pt 2):S42—6; discussion S46—7.

6. Hoimes CJ, Kelly WK. Redefining hormone resistance in prostate cancer.
Ther Adv Med Oncol. 2010;2(2):107-23.

7. Mostaghel EA, Montgomery B, Nelson PS. Castration-resistant prostate
cancer: targeting androgen metabolic pathways in recurrent disease. Urol
Oncol. 2009;27(3):251-7.

8. Borron PJ, Mostaghel EA, Doyle C, et al. Pulmonary surfactant proteins
A and D directly suppress CD3+/CD4+ cell function: evidence for two
shared mechanisms. J Immunol. 2002;169(10):5844-50.

9. Maximum androgen blockade in advanced prostate cancer: an overview of
22 randomised trials with 3283 deaths in 5710 patients. Prostate Cancer
Trialists” Collaborative Group. Lancet. 1995;346(8970):265-9.

10. Bubley GJ, Carducci M, Dahut W, et al. Eligibility and response guidelines
for phase II clinical trials in androgen-independent prostate cancer: rec-
ommendations from the Prostate-Specific Antigen Working Group. J Clin
Oncol. 1999;17(11):3461-7.

Clinical Medicine Insights: Urology 2011:5

33


http://www.la-press.com

El-Ayass et al

11. Scher HI, Halabi S, Tannock I, et al. Design and end points of clinical trials
for patients with progressive prostate cancer and castrate levels of testoster-
one: recommendations of the prostate cancer clinical trials working group.
J Clin Oncol. 2008;26(7):1148-59.

12. Page ST, Lin DW, Mostaghel EA, et al. Persistent intraprostatic androgen
concentrations after medical castration in healthy men. J Clin Endocrinol
Metab. 2006;91(10):3850—-6.

13. Mostaghel EA, Page ST, Lin DW, et al. Intraprostatic androgens and
androgen-regulated gene expression persist after testosterone suppression:
therapeutic implications for castration-resistant prostate cancer. Cancer Res.
2007;67(10):5033—41.

14. Chen CD, Welsbie DS, Tran C, et al. Molecular determinants of resistance
to antiandrogen therapy. Nat Med. 2004;10(1):33-9.

15. Debes JD, Tindall DJ. Mechanisms of androgen-refractory prostate cancer.
N Engl J Med. 2004;351(15):1488-90.

16. Montgomery RB, Mostaghel EA, Vessella R, et al. Maintenance of intratu-
moral androgens in metastatic prostate cancer: a mechanism for castration-
resistant tumor growth. Cancer Res. 2008;68(11):4447-54.

17. Rubin MA. Targeted therapy of cancer: new roles for pathologists—prostate
cancer. Mod Pathol. 2008;21 Suppl 2:S44-55.

18. Chang KH, Li R, Papari-Zareei M, et al. Dihydrotestosterone synthesis
bypasses testosterone to drive castration-resistant prostate cancer. Proc Natl
Acad Sci U S 4.2011;108(33):13728-33.

19. Grossmann ME, Huang H, Tindall DJ. Androgen receptor signaling in
androgen-refractory prostate cancer. J Natl Cancer Inst. 2001;93(22):1687-97.

20. Loblaw DA, Mendelson DS, Talcott JA, et al. American Society of Clini-
cal Oncology recommendations for the initial hormonal management of
androgen-sensitive metastatic, recurrent, or progressive prostate cancer.
J Clin Oncol. 2004;22(14):2927—41.

21. Waxman J, Man A, Hendry WF, et al. Importance of early tumour exacerba-
tion in patients treated with long acting analogues of gonadotrophin releas-
ing hormone for advanced prostatic cancer. Br Med J (Clin Res Ed). 1985;
291(6506):1387-8.

22. van Poppel H, Nilsson S. Testosterone surge: rationale for gonadotropin-
releasing hormone blockers? Urology. 2008;71(6):1001-6.

23. Debruyne F, Bhat G, Garnick MB. Abarelix for injectable suspension: first-
in-class gonadotropin-releasing hormone antagonist for prostate cancer.
Future Oncol. 2006;2(6):677-96.

24. Persson BE, Kold Olesen T, Jensen JK. Degarelix: a new approach for the
treatment of prostate cancer. Neuroendocrinology. 2009;90(3):235-44.

25. Jiang G, Stalewski J, Galyean R, et al. GnRH antagonists: a new generation
of long acting analogues incorporating p-ureido-phenylalanines at positions
5 and 6. J Med Chem. 2001;44(3):453—67.

26. Balchen T, Agerso H, Olesen TK, et al. Pharmacokinetics, pharmacody-
namics, and safety of a novel fast-acting gonadrotropin-releasing hormone
receptor blocker, degarelix, in healthy men., 8th Int Symp GnRH Analogues
Cancer Hum Reprod. Salzburg, Austria, 2005.

27. Weston P, Hammonds J, Vaughton K, et al. Degarelix: a novel GnRH antag-
onist tested in a multicenter, randomized dose-finding study in prostate can-
cer patients. BJU Int. 2004;94(Suppl 2):57-8.

28. Van Poppel H, Tombal B, de la Rosette J, et al. Degarelix: A Novel
Gonadotropin-Releasing Hormone (GnRH) Receptor Blocker—Results
from a 1-yr, multicentre, randomised, phase 2 dosage-finding study in the
treatment of prostate cancer. Eur Urol. 2008;54805—15.

29. Gittelman M, Pommerville PJ, Persson BE, et al. A 1-year, open label, ran-
domized phase II dose finding study of degarelix for the treatment of pros-
tate cancer in North America. J Urol. 2008;180(5):1986-92.

30. KlotzL,Boccon-Gibod L, Shore ND, etal. The efficacy and safety of degarelix:
a 12-month, comparative, randomized, open-label, parallel-group phase III
study in patients with prostate cancer. BJU Int. 2008;102(11):1531-8.

31. Schroder FH, Tombal B, Miller K, et al. Changes in alkaline phosphatase
levels in patients with prostate cancer receiving degarelix or leuprolide: results
from a 12-month, comparative, phase I1I study. BJU Int. 2010;106(2): 182—7.

32. de la Rosette J, Davis Rr, Frankel D, et al. Efficacy and safety of androgen
deprivation therapy after switching from monthly leuprolide to monthly
degarelix in patients with prostate cancer. /nt J Clin Pract. 2011;65(5):
559-66.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

SI.

52.

53.

54.

Sun L, Peng Y, Sharrow AC, et al. FSH directly regulates bone mass. Cell.
2006;125(2):247-60.

Smith MR, Klotz L, Persson BE, et al. Cardiovascular safety of degarelix:
results from a 12-month, comparative, randomized, open label, parallel
group phase III trial in patients with prostate cancer. J Urol. 2010;
184(6):2313-9.

Higano CS, Small EJ, Schellhammer P, et al. Sipuleucel-T. Nat Rev Drug
Discov. 2010;9(7):513-4.

Sipuleucel-T. APC 8015, APC-8015, prostate cancer vaccine—Dendreon.
Drugs R D. 2006;7(3):197-201.

Burch PA, Breen JK, Buckner JC, et al. Priming tissue-specific cellular
immunity in a phase I trial of autologous dendritic cells for prostate cancer.
Clin Cancer Res. 2000;6(6):2175-82.

Small EJ, Fratesi P, Reese DM, et al. Immunotherapy of hormone-refrac-
tory prostate cancer with antigen-loaded dendritic cells. J Clin Oncol. 2000;
18(23):3894-903.

Small EJ, Schellhammer PF, Higano CS, et al. Placebo-controlled phase IIT
trial of immunologic therapy with sipuleucel-T (APC8015) in patients with
metastatic, asymptomatic hormone refractory prostate cancer. J Clin Oncol.
2006;24(19):3089-94.

Higano CS, Schellhammer PF, Small EJ, et al. Integrated data from 2 ran-
domized, double-blind, placebo-controlled, phase 3 trials of active cellular
immunotherapy with sipuleucel-T in advanced prostate cancer. Cancer.
2009;115(16):3670-9.

Cheever MA, Higano CS. PROVENGE (Sipuleucel-T) in prostate cancer:
the first FDA-approved therapeutic cancer vaccine. Clin Cancer Res. 2011;
17(11):3520-6.

Kantoff PW, Higano CS, Shore ND, et al. Sipuleucel-T immunotherapy for
castration-resistant prostate cancer. N Engl J Med. 2010;363(5):411-22.
Mita AC, Denis LJ, Rowinsky EK, et al. Phase I and pharmacokinetic study
of XRP6258 (RPR 116258A), a novel taxane, administered as a 1-hour
infusion every 3 weeks in patients with advanced solid tumors. Clin Cancer
Res. 2009;15(2):723-30.

Cisternino S, Bourasset F, Archimbaud Y, et al. Nonlinear accumulation in
the brain of the new taxoid TXD258 following saturation of P-glycoprotein
at the blood-brain barrier in mice and rats. Br J Pharmacol. 2003;138(7):
1367-75.

Pivot X, Koralewski P, Hidalgo JL, et al. A multicenter phase II study of
XRP6258 administered asa 1-hi.v. infusion every 3 weeks in taxane-resistant
metastatic breast cancer patients. Ann Oncol. 2008;19(9):1547-52.

de Bono JS, Oudard S, Ozguroglu M, et al. Prednisone plus cabazitaxel
or mitoxantrone for metastatic castration-resistant prostate cancer progress-
ing after docetaxel treatment: a randomised open-label trial. Lancet. 2010;
376(9747):1147-54.

FDA approval for Cabazitaxel. Accessed on September 17, 2011. Available
on http://www.cancer.gov/cancertopics/druginfo/fda-cabazitaxel.
Odero-Marah VA, Wang R, Chu G, et al. Receptor activator of NF-kappaB
Ligand (RANKL) expression is associated with epithelial to mesenchymal
transition in human prostate cancer cells. Cell Res. 2008;18(8):858—70.
Smith MR, Egerdie B, Hernandez Toriz N, et al. Denosumab in men receiv-
ing androgen-deprivation therapy for prostate cancer. N Engl J Med. 2009;
361(8):745-55.

Smith MR, Saad F, Egerdie B, et al. Effects of denosumab on bone mineral
density in men receiving androgen deprivation therapy for prostate cancer.
J Urol. 2009;182(6):2670-5.

Roodman GD. Mechanisms of bone metastasis. N EnglJ Med.2004;350(16):
1655-64.

Aragon-Ching JB. Unravelling the role of denosumab in prostate cancer.
Lancet. 2011;377(9768):785-6.

Fizazi K, Lipton A, Mariette X, et al. Randomized phase II trial of deno-
sumab in patients with bone metastases from prostate cancer, breast cancer,
or other neoplasms after intravenous bisphosphonates. J Clin Oncol. 2009;
27(10):1564-71.

Fizazi K, Carducci M, Smith M, et al. Denosumab versus zoledronic acid
for treatment of bone metastases in men with castration-resistant pros-
tate cancer: a randomised, double-blind study. Lancet. 2011;377(9768):
813-22.

34

Clinical Medicine Insights: Urology 2011:5


http://www.la-press.com
http://www.cancer.gov/cancertopics/druginfo/fda-cabazitaxel

\

New therapies for prostate cancer

55. McClung MR, Lewiecki EM, Cohen SB, et al. Denosumab in postmenopausal 73. Armstrong AJ, George DJ. Optimizing the use of docetaxel in men with
women with low bone mineral density. N Engl J Med. 2006; 354(8): castration-resistant metastatic prostate cancer. Prostate Cancer Prostatic
821-31. Dis. 2010;13(2):108-16.

56. Yasuda H, Shima N, Nakagawa N, et al. Osteoclast differentiation factor 74. Berthold DR, Pond GR, Soban F, et al. Docetaxel plus prednisone or mitox-
is a ligand for osteoprotegerin/osteoclastogenesis-inhibitory factor and is antrone plus prednisone for advanced prostate cancer: updated survival in
identical to TRANCE/RANKL. Proc Natl Acad Sci U S A. 1998;95(7): the TAX 327 study. J Clin Oncol. 2008;26(2):242-5.

3597-602. 75. Heidenreich A, Aus G, Bolla M, et al. EAU guidelines on prostate cancer.

57. FDA approval of abiraterone. Accessed on September 17, 2011. Available Eur Urol. 2008;53(1):68-80.
on http://www.cancer.gov/cancertopics/druginfo/fda-abirateroneacetate. 76. Berthold DR, Pond GR, Roessner M, et al. Treatment of hormone-refractory

58. Chan FC, Potter GA, Barrie SE, et al. 3- and 4-pyridylalkyl adamantan- prostate cancer with docetaxel or mitoxantrone: relationships between
ecarboxylates: inhibitors of human cytochrome P450(17 alpha) (17 alpha- prostate-specific antigen, pain, and quality of life response and survival in
hydroxylase/C17,20-lyase). Potential nonsteroidal agents for the treatment the TAX-327 study. Clin Cancer Res. 2008;14(9):2763-7.
of prostatic cancer. J Med Chem. 1996;39(17):3319-23. 77. Mohebtash M, Gulley JL, Madan RA, et al. Cancer vaccines: current

59. Barrie SE, Potter GA, Goddard PM, et al. Pharmacology of novel steroidal directions and perspectives in prostate cancer. Curr Opin Mol Ther. 2009;
inhibitors of cytochrome P450(17) alpha (17 alpha-hydroxylase/C17-20 11(1):31-6.
lyase). J Steroid Biochem Mol Biol. 1994;50(5-6):267-73. 78. Sartor O, Reid RH, Hoskin PJ, et al. Samarium-153-Lexidronam complex

60. O’Donnell A, Judson I, Dowsett M, et al. Hormonal impact of the 17 alpha- for treatment of painful bone metastases in hormone-refractory prostate
hydroxylase/C(17,20)-lyase inhibitor abiraterone acetate (CB7630) in cancer. Urology. 2004;63(5):940-5.
patients with prostate cancer. BrJ Cancer. 2004;90(12):2317-25. 79. Tu SM, Mathew P, Wong FC, et al. Phase I study of concurrent weekly doc-

61. Attard G, Reid AH, Yap TA, et al. Phase I clinical trial of a selective inhibi- etaxel and repeated samarium-153 lexidronam in patients with castration-
tor of CYP17, abiraterone ace tate, confirms that castration-resistant pros- resistant metastatic prostate cancer. J Clin Oncol. 2009;27(20):3319-24.
tate cancer commonly remains hormone driven. J Clin Oncol. 2008;26(28): 80. Fizazi K, Beuzeboc P, Lumbroso J, et al. Phase II trial of consolidation doc-
4563-71. etaxel and samarium-153 in patients with bone metastases from castration-

62. Attard G, Reid AH, A’Hern R, et al. Selective inhibition of CYP17 with resistant prostate cancer. J Clin Oncol. 2009;27(15):2429-35.
abiraterone acetate is highly active in the treatment of castration-resistant 81. Nilsson S, Franzen L, Parker C, et al. Bone-targeted radium-223 in symp-
prostate cancer. J Clin Oncol. 2009;27(23):3742-8. tomatic, hormone-refractory prostate cancer: a randomised, multicentre,

63. Danila DC, Morris MJ, de Bono JS, et al. Phase II multicenter study of abi- placebo-controlled phase II study. Lancet Oncol. 2007;8(7):587-94.
raterone acetate plus prednisone therapy in patients with docetaxel-treated 82. Parker P, O’Bryan-Tear CG, Bolstad B, et al. Alkaline phosphatase (ALP)
castration-resistant prostate cancer. J Clin Oncol. 2010;28(9):1496-501. normalization and overall survival in patients with bone metastases from

64. Reid AH, Attard G, Danila DC, et al. Significant and sustained anti- castration-resistant prostate cancer (CRPC) treated with radium-223. J Clin
tumor activity in post-docetaxel, castration-resistant prostate cancer Oncol. 2011;29(Suppl 7):Abstr 49.
with the CYP17 inhibitor abiraterone acetate. J Clin Oncol. 2010;28(9):

1489-95.

65. de BonoJS, Logothetis CJ, MolinaA, etal. Abiraterone and increased survival
in metastatic prostate cancer. N Engl J Med. 2011;364(21):1995-2005.

66. Tran C, Ouk S, Clegg NJ, et al. Development of a second-generation antian- Publish with Libertas Academica and
drogen for treatment of advanced prostate cancer. Science. 2009; 324(5928): every scientist working in your field can
787-90. -

67. Scher HI, Beer TM, Higano CS, et al. Antitumour activity of MDV3100 in read your artICIe
castration-resistant prostate cancer: a phase 1-2 study. Lancet. 2010;375(9724):

1437-46. N “I would like to say that this is the most author-friendly

68. Yakes FM,. Cl?ep J, Tgn J, et al. Cabozantinib (XL184), gnovel MET ar.ld editing process | have experienced in over 150
VEGFR2 inhibitor, simultaneously suppresses metastasis, angiogenesis, i q o
and tumor growth. Mol Cancer Ther. 2011. P ublications. Thank e most Smcerely'

69. Hussain M, Smith MR, Sweeney CJ, et al. Cabozantinib (XL184) in
metastatic castration-resistant prostate cancer (mCRPC): Results from a “The communication between your staff and me has
phase II randomized discontinuation trial. J Clin Oncol. 2011;29(Suppl): been terrific. Whenever progress is made with the
Abstr 4516. ‘ o manuscript, | receive notice. Quite honestly, I've

70. Dreicer R, Agus DB, MacVicar GR, et al. Safety, pharmacokinetics, and , . ,

ffi f TAK-700 in metastatic castration-resistant prostrate cancer: never had such Gein lete communication with a
efficacy o p 1 .

A phase V11, open-label study. J Clin Oncol. 2010;28(15s;Suppl):Abstr Jjournal.

3084.

71. Agus DB, Stadler WM, Shevrin DH, et al. Safety, efficacy, and pharma- “LA is different, and hopefully represents a kind of
cod.ynamlcs of the investigational agent TAK-700 in metastatic castration- scientific p ublication machine ry that removes the
resistant prostate cancer (mMCRPC): Updated data from a phase I/II study. A -

J Clin Oncol, 2011:29:Abstr 4531, hurdles from free flow of scientific thought.

72. Madan RA, Aragon-Ching JB, Gulley JL, et al. From clinical trials to clini-
cal practice: therapeutic cancer vaccines for the treatment of prostate cancer. Your paper will be:

Expert Rev Vaccines. 2011;10(6):743-53. ° Available to your entire Community
free of charge
Fairly and quickly peer reviewed
Yours! You retain copyright
http://www.la-press.com

Clinical Medicine Insights: Urology 2011:5 35


http://www.la-press.com
http://www.la-press.com
http://www.cancer.gov/cancertopics/druginfo/fda-abirateroneacetate

