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Abstract

There are few therapeutic options available for the
treatment of hormone-refractory prostate cancer
(HRPC), but recent advancements in the understanding
of immune recognition have resulted in the development
of novel vaccine products aimed at inducing prostate-
specific T-cell-mediated immunity. Provenge® (APC-
8015) is an immunotherapeutic consisting of autologous
dendritic cell precursors loaded ex vivo with a recombi-
nant fusion protein (PA2024) comprising prostatic acid
phosphatase (PAP), an antigen found in 95% of prostate
cancers, and granulocyte-macrophage colony-stimulat-
ing factor (GM-CSF). Early clinical studies demonstrated
good tolerability of the product and T-cell proliferation
responses to PA2024. Phase Il studies indicated the
preliminary efficacy of Provenge®, with increases in
prostate-specific antigen (PSA) doubling time and PSA-
modulating effects. Subsequent placebo-controlled
phase Il studies identified advantages for Provenge® in
terms of time to disease progression and time to onset
of disease-related pain.

Introduction

Prostate cancer is the most commonly diagnosed
cancer in men worldwide, accounting for approximately
one-fifth of all male cancers, and the second leading
cause of death due to cancer in North American men.
Between 1988 and 1992, the incidence of prostate cancer
increased dramatically as a result of earlier diagnosis fol-
lowing the introduction of prostate-specific antigen (PSA)
blood testing. The 5-year relative survival rate for patients
whose tumors are diagnosed in the local and regional
stages is 100%. In the past 20 years, the 5-year survival
rate for all stages combined has increased from 67% to
98% (1, 2).

Approximately 80% of all cases of prostate cancer are
hormone-dependent and require androgens to grow and
metastasize. Early detection and treatment during the
androgen-responsive stage of the disease are critical to
prevent progression to hormone-refractory prostate can-
cer (HRPC), for which there are few therapeutic options
available (2). The initial treatment for advanced prostate
cancer is suppression of testicular androgen production
by pharmacological or surgical castration. Despite a high
rate of initial response to androgen deprivation and sec-
ondary hormonal manipulation, most patients will eventu-
ally develop progressive androgen-independent disease
or HRPC (3).

Recent advancement in the understanding of the mol-
ecular basis of immune recognition and regulation has
generated new possibilities for the successful develop-
ment of cancer immunotherapies. The identification of
prostate-specific or tumor-associated antigens that can
be targeted to promote cell injury or death has enabled
the construction of vaccines aimed at inducing prostate-
specific T-cell-mediated immunity (4). Prostatic acid
phosphatase (PAP) is a protein uniquely expressed in
prostatic cancer and prostate tissue, and has been tar-
geted in the development of novel vaccine therapies.
Provenge® (APC-8015) contains antigen-presenting cells
(APCs) loaded with a recombinant fusion protein,
PA2024, which consists of PAP linked to granulocyte-
macrophage colony-stimulating factor (GM-CSF), a mole-
cule that specifically targets a receptor expressed on the
surface of APCs. It is designed to initiate a T-cell-mediat-
ed immune response against PAP and is currently in
phase Il development for metastatic androgen-indepen-
dent prostate cancer and earlier stage disease, with fast
track designation from the U.S. FDA (5).
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Clinical Studies

A phase | trial was performed in 18 patients with
HRPC to evaluate procedure feasibility, including leuka-
pheresis volume and immune response induced by
Provenge® administered on 3 occasions each 2 weeks
apart. The most frequently reported adverse event was
transient fever. PA2024-specific immune responses, as
determined by T-cell proliferation response in vitro, were
observed in all patients. One patient had a clinical
response demonstrated by > 50% shrinkage of several
metastatic lymph nodes and a decrease in serum PSA
value. There were no significant correlations between the
infused cell numbers or leukapheresis volume and safe-
ty, efficacy and immune response (6).

Another phase | trial was conducted in 12 men with
HRPC treated at 3 dose levels of Provenge® based on
treatment-related toxicity. Two cohorts of 3 patients each
received 0.2 and 0.6 x 10° nucleated cells/m?, and 6
patients received 1.2 x 10° nucleated cells/m?. The latter
dose represented the maximum number of cells that
could be prepared. Patients received Provenge® by i.v.
infusion monthly for 3 months. Provenge® was prepared
for each treatment course by harvesting dendritic cell pre-
cursors from peripheral blood following a standard 1.5-2.0
blood volume mononuclear cell leukapheresis.
Preparation involved buoyant density centrifugation fol-
lowed by incubation for 40 h in serum-free, cytokine-free
media with PA2024. Provenge® was well tolerated, with
mild myalgias in 3 patients and no other treatment-relat-
ed adverse events. All the patients developed strong T-
cell proliferation responses to PA2024 after a single infu-
sion of Provenge®. The T-cell proliferation responses to
the fusion protein were maximal after either 2 or 3 infu-
sions of Provenge®. The magnitude of proliferation was
related to the dose of dendritic cells infused (7-9).

In a follow-up phase Il trial, 19 men were treated with
the maximum dose of Provenge® that could be prepared
(median number of nucleated cells = 2.1 x 10°). Patients
in this trial had less extensive disease than those in the
phase | trial, who were more heavily pretreated. None
had metastases identified on bone scan or computed
tomography. The median PSA level was also lower in this
group (14.5 ng/ml vs. 209 ng/ml in the phase | patients).
Overall, treatment was also well tolerated and T-cell pro-
liferation responses occurred in all patients after infusion
of Provenge®. In terms of response to treatment, patients
from the phase | and Il trials were assessed together
(n=31). Three patients had at least a 50% decrease in
serum PSA, and 3 more had 25-49% decreases in PSA.
No improvements in bone scans or soft tissue disease
were observed. The median time to disease progression
for the phase | patients was 12 weeks, and that for the
phase Il patients was 29 weeks. The median time to dis-
ease progression was significantly longer for those
patients who developed an immune response compared
with those who did not (34 weeks vs. 13 weeks), and it
was also longer for those patients who received > 100 x
10° cells/infusion (31.7 weeks vs. 12.1 weeks for patients
who received fewer cells) (7).
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In another phase Il trial, 18 patients with elevated PSA
as the only manifestation of progressive prostate cancer
were treated with Provenge® on 3 occasions, each 2
weeks apart. Of 12 patients evaluable for response and
with a median follow-up of 4 months, 11 patients had sta-
ble disease and 1 patient had progression based on PSA
criteria (10).

A phase | trial was also performed in men with
advanced HRPC to monitor the safety of Provenge® fol-
lowed by a soluble antigen PA2024 boost, as well as the
effects on cellular and humoral immunity. Twelve men
received i.v. infusions of 2 doses of Provenge® 1 month
apart, followed by up to 3 monthly s.c. doses of the
recombinant antigen. Three dose levels of the subcuta-
neously injected soluble antigen PA2024 (0.3, 0.6 and 1.0
mg) were evaluated in groups of 3 patients. The treat-
ment was generally well tolerated, with 6 patients experi-
encing transient mild fatigue and 1 prolonged grade 3
fatigue that was temporally related to treatment. Mild
reactions at the s.c. injection site were observed in 4
patients. All 11 evaluable patients developed antibody
responses to PA2024. Nine patients developed antigen-
specific T-cell proliferative responses after administration
of Provenge®. There were sporadic treatment-induced
decreases in circulating PSA and PAP, but no objective
radiographic responses to treatment were observed (11,
12).

A phase Il trial was then performed with Provenge® to
better define the response, time to progression and sur-
vival of men with androgen-independent prostate cancer.
Twenty-one patients with histologically documented
HRPC that could be evaluated by radionuclide bone scan
or computed tomography scan received 2 i.v. infusions of
Provenge® 2 weeks apart followed by 3 s.c. injections of
1.0 mg PA2024 1 month apart. Nineteen patients were
evaluable for treatment response. The median time to
progression was 118 days. Two patients exhibited a tran-
sient 25-50% decrease in PSA, while in a third patient
PSA fell from 221 ng/ml at baseline to undetectable lev-
els by week 24, remaining so for 4 years. This patient’s
metastatic retroperitoneal and pelvic adenopathy also
resolved. Peripheral blood mononuclear cells collected
from patients for at least 16 weeks proliferated upon in
vitro stimulation with PA2024, indicating the presence of
PA2024-specific immune effector cells. The study
demonstrated a definite clinical response of HRPC to
Provenge® (13).

A further phase Il trial was conducted to assess the
PSA-modulating effects of Provenge® in patients with
androgen-dependent prostate cancer with biochemical
progression. Nineteen patients with nonmetastatic recur-
rent disease, as manifested by increasing PSA levels
(0.4-6.0 ng/ml), and who had undergone previous defini-
tive surgical or radiation therapy received 3 infusions of
Provenge® (each approximately 1.2 x 10° nucleated
cells/m?) 2 weeks apart. Thirteen of 18 patients evaluable
for PSA response demonstrated an increase in the PSA
doubling time (disease progression), with a median
increase of 62% following treatment. The median time to
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PSA progression was 11.7 months. No patient exhibited
a PSA reduction of at least 50%, but 7 patients showed
moderate decreases in PSA ranging from 6% to 33%. No
patient developed distant metastases before or at the
time of PSA progression. The treatment was well tolerat-
ed (14, 15).

In another phase Il trial, Provenge® was administered
in combination with bevacizumab, a monoclonal antibody
against vascular endothelial growth factor (VEGF).
Patients with nonmetastatic, recurrent, androgen-depen-
dent prostate cancer, as manifested by a rising PSA (0.4-
6.0 ng/ml), and prior definitive surgical or radiation thera-
py were given 3 intravenous doses of Provenge® and
bevacizumab (10 mg) at baseline and at 2 and 4 weeks.
Bevacizumab was given every 2 weeks thereafter until
toxicity or progressive disease. The combination of
Provenge® and bevacizumab demonstrated PSA-modu-
lating activity, with 9 of 21 evaluable patients exhibiting
decreases in PSA from baseline ranging from 6% to 72%,
and 3 patients showing a decrease of at least 25%.
Significant changes in PSA doubling time were observed
in the absence of significant decreases in PSA levels (16,
17).

A randomized, double-blind, placebo-controlled
phase lll trial (D9901) was conducted in men with asymp-
tomatic, metastatic HRPC. A total of 127 men without
cancer-related pain and with PAP-expressing tumors
were randomized in a 2:1 ratio to Provenge® (n=82) or
placebo (n=45) infused at baseline and at 2 and 4 weeks.
Bone or CT scans were performed every 8 weeks and
patients completed weekly pain logs. The primary end-
point of the study was objective disease progression.
Secondary endpoints were disease-related pain and sur-
vival. Patients randomized to placebo were able to cross
over to Provenge® at the time of disease progression.
Patients were followed per protocol for survival for 3
years following randomization. In the overall patient pop-
ulation, there was a trend towards a longer time to pro-
gression in the Provenge®-treated patients (11.1 weeks)
compared with the placebo group (10.0 weeks), although
this difference did not reach statistical significance. In the
subgroup of patients with a Gleason score of 7 or less,
the time to objective disease progression was significant-
ly longer in patients treated with Provenge® (16.1 weeks)
compared to those treated with placebo (9.1 weeks). In
this subgroup, patients treated with Provenge® also had
an increased time to onset of disease-related pain and a
higher T-cell stimulation index in response to Provenge®
(49.6 vs. 7.26 in patients with a Gleason score of 8 or
more). An analysis of baseline patient characteristics
revealed that Gleason score was prognostic for increased
time to disease progression with Provenge® treatment.
Provenge® was well tolerated, the most frequently report-
ed adverse events being grade 1 and 2 rigors, pyrexia
and dyspnea. Median overall survival was 25.9 months
for patients treated with Provenge® compared with 22.0
months for those on placebo. At 36 months, 33% of
Provenge®-treated patients were alive compared with
11% of placebo-treated patients. In patients with a
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Gleason score of 7 or less, a 6.4-month survival advan-
tage was observed (median survival in Provenge®
patients = 28.4 months vs. 22.0 months in placebo-treat-
ed patients). These data represent the first survival
advantage attributed to an immunotherapy product in
prostate cancer (18-23).

Other phase lll trials of Provenge® are ongoing. A piv-
otal study (D9902B) is enrolling up to 275 men with
asymptomatic, metastatic HRPC with a Gleason score of
7 or less, and a phase lll trial in early-stage prostate can-
cer (P-11; PROTECT [PROvenge Treatment and Early
Cancer Treatment]) has completed enrollment. This is a
double-blind, placebo-controlled trial measuring PSA pro-
gression and the onset of metastatic disease in over 170
men with nonmetastatic, androgen-dependent prostate
cancer (24).

Source

Dendreon Corporation (US).
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