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Abstract:  Prostate cancer is the most common malignancy affecting
men in the United States. Traditional therapy with radical prostatectomy
or radiation therapy can be curative for localized disease, but metastatic
prostate cancer is currently incurable. The only treatments known to
prolong survival in patients with metastatic disease are androgen-depriva-
tion therapy and chemotherapy, both of which have significant side effects.
Immunotherapy approaches offer hope in providing new treatments to
delay disease progression, ideally with fewer side effects. The results from
nearly all early immunotherapy clinical trials for prostate cancer conducted
to date have shown minimal toxicity, and many have suggested clinical
benefit in terms of delaying disease progression. Several phase III clinical
trials are currently under way in patients with metastatic, androgen-inde-
pendent prostate cancer. The current article reviews recent trials evaluat-
ing immune-modulating agents, antigen-specific active immunotherapy,
and combination therapies in clinical development for the treatment of

prostate cancer.

rostate cancer is the most common malignancy to affect men in

the United States. Traditional therapy with radical prostatectomy

or radiation therapy can be curative, but approximately 1/3 of
patients will experience disease recurrence, typically heralded by a rise in
levels of serum prostate-specific antigen (PSA).»* Although the minority
of patients with this biochemical recurrence progress to overt clinical dis-
ease,® treatment for these patients is currently limited to androgen depri-
vation, which is associated with significant morbidity. It is difficult to
distinguish which patients with biochemical failure will develop clinically
significant disease, making the decision to treat patients with biochemical
failure even more challenging.* Results from several studies have suggested
that the rate of rise of the serum PSA (doubling time) may be useful in
this setting to identify patients at greatest risk for disease progression.’
Treatment of advanced, metastatic disease includes androgen deprivation
and chemotherapy for androgen-independent disease. These agents have
many potential side effects.
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Immunotherapies constitute treatments that supply
or elicit immune system cells, antibodies, or cytokines for
the treatment of cancer. These types of approaches, already
in common use for several solid tumor types, offer hope in
replacing or complementing the current armamentarium
of treatments for advanced prostate cancer, in particular
given that these treatments may have significantly fewer
side effects. These therapies may be ideal in patients with
biochemical recurrence only, due to the low burden of dis-
ease, possibly avoiding the adverse effects associated with
androgen deprivation. Recent clinical trials have shown
that treatments designed to elicit or enhance tumor-spe-
cific immune responses, whether by immune-modulating
agents or vaccines, are safe, well tolerated, and capable
of eliciting immune responses against prostate cancer.
In some cases, some clinical benefit has been observed.
Many immunotherapy approaches are in various stages
of preclinical development. The current review focuses
on recent trials evaluating immune modulating agents,
antigen-specific active immunotherapy, and combination
therapies in clinical development for the treatment of
prostate cancer.

Immunomodulating Agents

Granulocyte-Macrophage Colony-Stimulating Factor

Granulocyte-macrophage  colony-stimulating ~ factor
(GM-CSF) is a member of a large family of glycoprotein
growth factors that act on multiple levels of hematopoietic
cell differentiation and development. It has been shown
to stimulate the proliferation of granulocytes and mac-
rophages, promote antibody-dependent cell-mediated
cytotoxicity of neutrophils, attract and enhance the cyto-
toxicity of eosinophils, and promote the differentiation
and survival of peripheral dendritic cells (DCs).** Given
the multiple effects of GM-CSF on several components
of the immune system, several groups have investigated
it as a vaccine adjuvant to enhance immune responses
to targeted antigens. Other groups have evaluated
GM-CSF given alone as a pure immunomodulatory
agent. For example, the efficacy of GM-CSF in stimulat-
ing an antitumor effect in hormone-refractory prostate
cancer has recently been investigated by Small and col-
leagues, who conducted a phase II trial in patients with
hormone-refractory prostate cancer.” One cohort of 23
men received 250 pg/m?*/day GM-CSF subcutaneously
for the first 14 days of a 28-day cycle. An oscillatory effect
of PSA coinciding with the administration of GM-CSF
was observed, leading to the start of a second cohort to
receive continuous GM-CSE. This cohort had 13 patients
who received 250 pg/m?/day GM-CSF for 14 days, fol-
lowed by 250 pg/m*/day 3 days per week until disease
progression was observed. PSA levels initially decreased

in 12 of 13 patients, but a decrease of over 50% was
seen in only 1 patient at 6 weeks. This patient showed an
improved bone scan and maintained a 99% decrease in
PSA for more than 14 months.’

In a separate trial, Dreicer and associates evalu-
ated the effect of GM-CSF in patients with androgen-
dependent or -independent metastatic prostate cancer.
They enrolled 16 patients in a phase II study to receive
250 pg/m?/day GM-CSF three times a week for up to
6 months. Three of the 9 androgen-independent and
4 of the 6 androgen-dependent patients completed the
trial and did not show progression of their disease after
6 months of GM-CSF therapy.'

Rini and coauthors further evaluated the efficacy of
GM-CSF at 250 pg/m?*/day for 14 days of a 28-day cycle
in 29 patients who had nonmetastatic disease but increas-
ing PSA despite prior definitive therapy."" They initially
demonstrated a persistent decrease in PSA of at least 50%
in 3 patients, and an increase in PSA doubling time in the
other 25 evaluable patients, with a mean increase of the
cohort’s PSA doubling time from 8.4 months pretreat-
ment to 15 months posttreatment. Sixteen patients had
a 2-fold increase in their PSA doubling time. Seventeen
patients were eventually removed from protocol therapy
for progressive disease with increasing PSA, at a mean
treatment time of 15.2 months. At the time of publica-
tion, 8 patients remained on protocol with treatment
duration ranging from 20 to 32 months."

In these trials, several patients met standard response

1213 and many others had evi-

criteria for PSA response,
dence of prolonged disease stabilization. Although the
exact mechanism of action of GM-CSF as an antitumor
agent in these trials is currently unknown, theoretically its
use should increase the number or efficacy of tumor-spe-
cific T cells. To investigate this, Schwaab and coworkers
determined whether PSA-specific T-cell responses were
detectable before and after GM-CSF administration.
No statistical increase in PSA-specific T-cell response
was found. However, a statistically significant correla-
tion between pretreatment PSA and level of PSA-specific
CD4-positive T-cell response was found, as well as a posi-
tive correlation between pretreatment PSA and the level
of PSA-specific CD8-positive T-cell response, suggesting
a correlation between disease response and the inherent
T-cell response.'* Furthermore, the difference between the
administration of 125 pg/m*/day versus 250 pg/m?/day
of GM-CSF was investigated, and a dose-dependent
response to GM-CSF administration was found, with 8%
of patients in the 125 pg group having a PSA decrease of
at least 25%, compared to 7 of 14 patients in the 250 pg
group.' Further evaluation of the mechanism of action
of GM-CSF treatment is clearly needed, and random-
ized trials designed to evaluate the efficacy of GM-CSF
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in delaying disease progression are certainly indicated.
Moreover, these results have suggested that GM-CSF
could be combined with other tumor therapies. Dreicer
and colleagues have recently reported a pilot study in
which 22 patients with advanced prostate cancer were
treated with GM-CSF in combination with thalidomide
(Thalomid, Celgene)." All 22 patients initially responded
to the therapy at 2 weeks with a decrease in their PSA,
and 5 sustained a greater than 50% decline from baseline
at 4 weeks.?

Flt3 Ligand

Flt3 ligand is a hematopoietic growth factor that has
been shown to stimulate the growth and differentiation
of DCs.'*" Systemic administration of flt3 ligand has
been demonstrated in multiple murine tumor models
to elicit antitumor responses, presumably by eliciting or
augmenting antitumor immune responses.'®? The use
of fle3 ligand in stimulating an immune response against
prostate cancer has been investigated in a double-blind
phase II trial of 31 patients with hormone-refractory
prostate cancer.?! In cycle 1, patients were randomized
to receive either placebo (n=16) or 25 pg/kg flt3 ligand
(n=15) for the first 14 days of a 28-day cycle. For the
following cycles, 25 pg/kg fle3 ligand was administered
daily for 14 days of a 28-day cycle to all patients. All 31
patients completed three cycles of therapy. Overall, the
therapy was well tolerated, with only injection-site reac-
tions occurring more frequently in the experimental group
compared to the placebo group during the first cycle. Fol-
lowing six cycles, a 29-fold increase in the number of DCs
was observed in the 21 remaining patients. Additionally,
though there was no significant change in serum PSA
levels, a statistically significant decrease in the PSA veloc-
ity was observed (from 0.007/day to 0.002/day), and 11
patients had stable disease with either a decrease or minor
increase in PSA (<25%).?' These results suggest that flt3
ligand can stimulate DCs in vivo and this may result in
anti—prostate tumor reactivity. Given the effects of flt3
ligand on antigen-presenting cells, which are similar to
GM-CSE fl¢3 ligand could be further investigated alone

or as a vaccine adjuvant.”2

Anti-CTLA-4

It is believed that the activation of T lymphocytes requires
at least two signals, a specificity signal involving binding
of the T-cell receptor to the peptide-major histocompat-
ibility complex (MHC) and a signal from costimulatory
molecules, including CD80 or CD86 binding CD28.
Cytotoxic T-lymphocyte-associated antigen 4 (CTLA-4)
is a receptor present on T cells that competes for binding
of CD80 or CD86 and provides a negative regulatory role
in T-cell activation.”? Blockade of CTLA-4 binding by
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monoclonal antibodies has been shown in several murine
models to enhance antitumor immunity, and to enhance
T-cell immunity induced by vaccines.**** A monoclonal
antibody specific for blocking human CTLA-4, ipilim-
umab (MDX-010, Medarex), has been tested in patients
with a variety of different cancers and in patients with
cancer previously treated with vaccines.”’? Multiple
antitumor objective responses have been observed, and
multiple autoimmune breakthrough events have also
been observed, including dermatitis, enterocolitis, hep-
atitis, uveitis, and hypophysitis.*® These autoimmune
events demonstrate efficacy of this agent in deregulating
normal immune tolerance. Trials conducted in patients
with hormone-refractory prostate cancer, alone or in
combination with GM-CSE have similarly shown anti-
tumor responses.’** An ongoing trial using ipilimumab
in combination with a GM-CSE-transfected allogeneic
cellular vaccine (GVAX, Cell Genesys) has preliminarily
shown striking objective disease responses in patients with
hormone-refractory prostate cancer.” The use of CTLA-4
blockade, either alone or in conjunction with other anti-
cancer agents, is a particularly promising area for further
clinical development.

Active Immunotherapies—Vaccines

In contrast to broad amplification of immune responses
with systemic immunomodulating agents, active immu-
notherapy seeks to target the immune response against a
specific antigen or group of antigens. Additionally, active
immunization should elicit a memory response, poten-
tially creating a longer-lasting antitumor response than
that limited by the duration of immunomodulating agent
or passive antibody administration. Vaccines targeting
several specific protein antigens, including PSA, prostatic
acid phosphatase (PAP), and prostate-specific membrane
antigen (PSMA), as well as whole-cell vaccines and com-
bination therapies, have been investigated.

Antigen-targeted Vaccines—DPSA

PSA is a protease produced by columnar epithelial cells
in the prostate. Production of this protease in the pros-
tate occurs following exposure to androgens.*** Release
into the body occurs as a result of disruption of prostate
architecture, such as with benign prostatic hypertrophy

and prostate cancer.’

The expression of PSA by most
prostate cancer cells makes it an obvious candidate as a
target for immunotherapy. Preclinical studies have dem-
onstrated that cytotoxic T-cell immune responses specific
for PSA can be cultured from peripheral blood cells in
some patients with prostate cancer, and that these can lyse
prostate cancer cells.”’ These findings have provided a

rationale to elicit and/or augment similar responses in
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vivo by means of vaccination. A potential disadvantage of
therapies targeting PSA, however, is that this confounds
the interpretation of serum PSA levels as a marker of
tumor response from these therapies.

Protein-based Immunization A series of phase I/II
trials conducted by Jenner Biotherapies were among the
first trials investigating PSA as a target antigen. In these
trials, recombinant PSA protein was delivered in a lipid
adjuvant, OncoVax-B, by a variety of routes and with a
series of immunomodulatory agents (bacillus Calmette-
Guérin [BCG], GM-CSE interleukin [IL]-2, and cyclo-
phosphamide).” PSA-specific T cells were identified in
some patients, but few clinical responses were observed.
There has been no further clinical development of

this approach.

Peptide-based Vaccines Several MHC class I peptide
epitopes derived from the amino acid sequence of PSA
have been identified. Most of these preclinical studies
focused on peptides restricted to HLA-A2.¥ Clinical
trials have now been conducted evaluating immunization
with some of these peptides directly or with autologous
DCs pulsed with these peptides. Perambakam and col-
leagues have reported a clinical trial in which 28 patients
with locally advanced or metastatic prostate cancer were
immunized three times with either an HLA-A2—restricted
PSA epitope (PSA 146-154) and GM-CSE or with
autologous DCs primed with this peptide.** A delayed-
type hypersensitivity response was generated in 50%
of the patients, and isolated CD8-positive T cells were
capable of lysing PSA-expressing cells.** These results
suggest that vaccination with PSA peptides is capable of
generating a cytotoxic immune response. Further studies
are needed to evaluate clinical responses following vac-
cination approaches with PSA-derived peptides.

Viral Vector Vaccines  Vaccinia virus isa DNA orthopox
virus that multiplies in the cell’s cytoplasm, resulting in
infected cells expressing peptides from virally derived pro-
teins in MHC class I molecules,® stimulating a vigorous
cell-mediated response against the antigenic proteins.*%
Additionally, vaccinia virus has the ability to carry a
large genome, making it ideal for gene delivery requiring
transduction of multiple genes or genes encoding large
proteins.“# Early studies demonstrated that recombinant
vaccinia virus expressing a target antigen can elicit antigen-
specific cytolytic T-cell responses.”® Similar approaches in
primates demonstrated that T-cell responses specific for
PSA could be elicited by immunization with recombinant
vaccinia viruses expressing PSA (rV-PSA).

The ability to deliver the PSA antigen as a vaccine
antigen with vaccinia was first investigated in human

trials by Sanda and colleagues.® In this trial, 6 patients
were enrolled with increasing PSA following definitive
therapy and were initially treated with limited androgen
deprivation. Then, rV-PSA was administered 1 week after
stopping androgen-deprivation therapy. PSA and testos-
terone were checked weekly for 6 weeks and monthly
thereafter. Minimal toxicity was reported. Initial tests
showed the presence of IgM anti-PSA at baseline in 5 of
the 6 patients tested, and IgG anti-PSA antibodies in 2
of the 6. One patient developed anti-PSA IgG antibod-
ies over the course of treatment. Following the removal
of antiandrogen therapy, PSA rose within 2 months
of testosterone increase in all but 1 patient, in whom PSA
did not increase after more than 8 months of testoster-
one exposure. These results demonstrated the feasibility
of using removal of androgen deprivation as a model
to study prostate cancer and suggested that rV-PSA could
be safely administered.”

The ability to deliver rV-PSA multiple times has
been investigated in at least two clinical trials.”">? Eder
and associates reported a trial in which patients with
progressive prostate cancer received increasing doses and
multiple vaccinations with rV-PSA.>! Specifically, patients
were given three doses of rV-PSA at 4-week intervals
with 2.65 x 10° plaque-forming units (pfu; n=6), 2.65 x
107 pfu (n=6), or 2.65 x 10% pfu (n=11). An additional
10 patients received 2.65 x 10® pfu with 250 pg/m?* GM-
CSF administered at the site of vaccination -1, 0, 1, and
2 days postvaccination. Minimal toxicity was seen, with
most patients experiencing injection-site reactions. One
out of 33 tested patients developed anti-PSA antibodies
by enzyme-linked immunosorbent assay (ELISA) after
three vaccinations. Of 7 patients tested with enzyme-
linked immunosorbent spot (ELISPOT) for evidence
of a PSA-specific T-cell response, an increase of at least
2-fold in PSA-specific T-cell response was observed
in 5 patients, with the largest increase following the
first administration of the vaccine. PSA levels did not
increase more than 80% (defined as stable) for at least
6 months after initial immunization in 14 of 33 patients,
with 9 patients stable more than 11 months. Six patients
remained on study with stable PSA at the time of pub-
lication, all treated at the highest dose, 4 of whom received
GM-CSE. Additionally, the patients that remained on
study had not shown any evidence of advanced discase.
Gulley and coworkers reported a similar dose-escalation
trial in which patients with metastatic androgen-inde-
pendent prostate cancer received rV-PSA three times
at 4-week intervals (2.65 x 10> pfu, 2.65 x 10° pfu,
2.65 x 107 pfu, or 2.65 x 10® pfu).>* A fifth cohort simi-
larly received 2.65 x 10® pfu with 100 pg/day GM-CSF
administration on -1, 0, 1, and 2 days postvaccination.
The vaccine was generally well tolerated, with 1 patient
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exhibiting two grade 4 toxicities, and 3 patients exhibiting
grade 3 toxicities. The most common toxicity was injec-
tion-site reactions, which decreased with each round of
vaccination. No objective tumor responses were observed.
No antibody response to PSA was observed, however
3 of 5 patients tested by ELISPOT showed a greater
than 2-fold increase in PSA-specific T-cell response.’
Taken together, these results demonstrated the safety of
repeated immunization with rV-PSA, and suggested the
efficacy of including GM-CSF as an adjuvant. However,
failure of the repeat immunizations to enhance the T-cell
response suggested that an immune response generated
against the vaccinia vector itself might preclude boosting
an immune response to the targeted antigen.”! Moreover,
the disappointing results in patients with metastatic
androgen-independent disease, potentially due to the
high tumor burden and/or poor immunologic function
of these individuals, suggested that patients with earlier
stage disease should be preferentially evaluated in future
studies with this approach.

To overcome the potential difficulties with repetitive
immunizations with vaccinia virus, vaccinations with
fowlpox virus containing PSA (rF-PSA) have been inves-
tigated. In contrast to vaccinia, few patients have prevac-
cination exposure to fowlpox virus, resulting in fewer
patients with existing immune responses to the fowlpox
vector. Additionally, fowlpox does not infect, replicate,
and then reinfect other cells, as does vaccinia, but rather
infects and expresses its transgene products for 14-21
days. The inability to reinfect other cells likely leads to
a reduced risk of sensitization to the fowlpox vector
itself. Kaufman and coauthors have reported a multisite
phase II study that evaluated the tolerability and efficacy
of prime-boost methods utilizing both rV-PSA and
rF-PSA.5 Seventy patients were randomized to receive
four vaccines with rF-PSA (group A), three rF-PSA vac-
cines followed by one rV-PSA (group B), or one rV-PSA
followed by three rE-PSA (group C) at 6-week intervals.
Subjects received 2.34 x 10® pfu rV-PSA or 1.5 x 10° pfu
rF-PSA. Only mild toxicity was observed, with the most
common reported adverse events being injection-site
reactions and hyperglycemia. The trial was not powered
to detect differences in progression rates among the arms,
however, after 19 months of follow-up, 45% of patients
in all treatment groups were free of PSA progression,
and 78% were free of objective disease progression. The
median time free of PSA progression was 13.6 months
in group A, 9.3 months in group B, and not reached in
group C. No antibody responses to PSA were generated
in any patients; however, nearly all patients receiving
rV-PSA developed antibodies against vaccinia virus. T-cell
responses to PSA were evaluated in HLA-A2—expressing
individuals by ELISPOT and detected in 46% of 34
patients tested. This study demonstrated the safety of
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using vaccinia and fowlpox in a prime-boost approach,
and though not powered to detect a difference, suggested
that vaccination with rV-PSA followed by rF-PSA may be
superior to other methods.>

In addition to GM-CSE other vaccine adjuvants
have been explored in combination with viral vaccines.
Specifically, preclinical studies have demonstrated that
viral vectors encoding three T cell costimulatory mol-
ecules—B7-1, ICAM-1, and ILFA-3 (TRICOM)—along
with a target antigen are superior to viral vectors encod-
ing the antigen alone in eliciting antigen-specific T-cell
responses.” The safety and feasibility of this approach
has recently been demonstrated in patients with prostate
cancer by DiPaola and colleagues in a phase I trial evaluat-
ing the safety of vaccinia (PROSTVAC-V) and fowlpox
(PROSTVAC-F) vectors encoding PSA and TRICOM.”
Ten patients with androgen-independent prostate cancer
with or without metastases were given 2 x 10® PROST-
VAC-V and a booster of 2 x 10° PROSTVAC-F 4 weeks
later. No grade 3 or 4 toxicities were reported. The most
common adverse reactions were fatigue and injection-site
reactions. Four patients demonstrated stable PSA.» At
present, two large prospective randomized trials testing
this approach with systemic GM-CSF are about to open
in the Eastern Cooperative Oncology Group in patients
with rising PSA after definitive treatment, or in patients
with early androgen-independent disease.

DNA Vaccines DNA vaccines are similar to viral vector
vaccines in terms of mechanism of action, and have been
demonstrated in animal models to elicit both cellular and
humoral immune responses to the targeted antigen.® A
potential advantage is that no foreign viral genes need
be expressed, reducing the possibility of generating an
immune response against the vector. However, DNA vac-
cines are less efficient than viral vaccines in transfecting
host cells, and hence are likely less immunogenic.”® A
single trial has evaluated the efficacy and safety of a DNA
plasmid encoding PSA in which patients with rising PSA
after definitive treatment received 100 pg, 300 pg, or
900 pg doses of plasmid DNA administered five times
at 4-week intervals.” At each injection, 40 pg GM-CSF
was given for 3 days starting 2 days prior to vaccination
and 75 pg IL-2 was given for 7 days following vaccina-
tion. The therapy was well tolerated with adverse events
consisting of fever, chills, rhinorrhea, and injection-site
reactions such as erythema and swelling. Two patients
receiving the highest vaccination dose developed a strong
PSA-specific T-cell response, as well as a strong anti-PSA
IgG response. The development of a PSA-specific T-cell
response correlated with a decrease in the slope of change
in PSA.%” The low toxicity observed in this study, and the
immune response generated, suggest that further studies
are warranted.
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DC Vaccines
immune response®® has led to a multitude of trials using

The central role of DCs in priming an

DCs to directly deliver a target antigen, either as protein,
peptide, or nucleic acid.” In vitro studies have shown that
DCs derived from prostate cancer patients and transfected
with mRNA encoding PSA are potent stimulators of an
antigen-specific cytotoxic T-cell response.®® These results
have led to a small study of 13 patients in which autolo-
gous DCs were loaded with PSA-encoding mRNA.¢' The
investigators observed a decreased velocity of change in
PSA and increased PSA-specific T-cell responses in all
patients. Additionally, the PSA-primed DCs showed
increased in vitro killing of PSA-expressing cells and tran-
sient clearance of circulating prostate cancer cells. Further
trials are anticipated.

Antigen-targeted Vaccines—PAP

PAP is another prostate-specific antigen expressed in
both normal and malignant prostate cells.” Similar to
PSA, it is an androgen-regulated, secreted protein. Given
that it is essentially prostate-specific in expression, it is
an attractive target for vaccine approaches, particularly
as it leaves serum PSA as a potential measure of tumor
response. Previous studies have demonstrated that T-cell
responses specific for PAP can be identified in patients
0364 and CD8-positive T-cell epit-
opes that are able to lyse prostate cancer cells have simi-
larly been identified.>®
in preclinical rat models where there is a homologous
76 have formed the basis
for clinical investigations targeting this antigen.

with prostate cancer,
These studies, as well as studies

prostate-specific PAP antigen,

Antigen-presenting—cell Vaccines Fong and colleagues
demonstrated that rats immunized with a vaccine encod-
ing the human homolog of PAP developed prostatitis.®
They subsequently performed a phase I trial in which 21
patients with recurrent and/or metastatic prostate cancer
were immunized with autologous DCs loaded with murine
PAP protein (mPAP). Patients were divided into three
groups to receive the vaccination intravenously, intra-
muscularly, or intralymphatically at 4-week intervals. No
significant toxicity was observed. Six patients developed
stable PSA measurements following vaccination and had
radiographically stable disease, and 11 of 21 developed a
human PAP (hPAP)-specific proliferative T-cell response.
All 6 patients with stable PSA developed an hPAP-specific
T-cell response, but only 5 of 15 patients with progres-
sive disease had a T-cell response. Four patients developed
antibodies against both mPAP and hPAP; however, there
was no association between antibody development and
clinical outcome.”

Studies conducted by Dendreon Corporation have
evaluated a similar approach using autologous antigen-

presenting cells prepared by density centrifugation from
peripheral blood mononuclear cells, and pulsed ex vivo
with a fusion protein containing hPAP and GM-CSF
(PA2024). In two phase I/II studies evaluating different
schedules of administration in patients with different
stages of disease, antigen T-cell proliferation in response
to vaccination was observed.”"”? In both trials, adverse
events were uncommon, with fever and chills being the
most common events occurring soon after cell infusion.”
In terms of clinical responses, 3 patients in one phase I/1I
trial had a PSA decrease of over 50%, and 3 others had
stable PSA.”! In a follow-on phase II trial conducted at
the Mayo Clinic, 1 patient experienced a radiographic
complete response with a reduction in PSA to undetect-
able levels.”” Together, these data provided the foundation
for two phase III placebo-controlled randomized clinical
trials (D9901 and D9902) designed initially to evaluate
as a primary endpoint the time to disease progression
in patients with asymptomatic, androgen-independent
prostate cancer. In the first study, D9901, 127 patients
were randomized to receive three infusions, 2 weeks apart,
of PA2024-pulsed autologous antigen-presenting cells
(sipuleucel-T; n=82) or placebo (nonpulsed autologous
antigen-presenting cells; n=45).”% No significant adverse
events were observed. A 1.7-week delay in time to pro-
gression was observed, but it did not reach statistical sig-
nificance. However, a statistically significant 4.5-month
improvement in median survival, as well as improved
survival at 36 months (34% vs 11%) following treatment
with sipuleucel-T, was observed. The median survival time
of 25.9 months observed in treated patients compared
favorably to two other contemporary randomized trials of
treatment with mitoxantrone versus docetaxel (Taxotere,
Sanofi-Aventis), with median survival times of less than
20 months.”>’¢ Thus, though the D9901 study failed to
achieve its primary endpoint, it demonstrated a clinical
benefit for patients possibly exceeding that achieved with
current therapy and with far less toxicity. Confirmatory
studies are underway, and trials comparing this approach
to chemotherapy are anticipated.”

DNA Vaccines A DNA vaccine encoding PAP has been
investigated in animals, demonstrating that PAP-specific
CD4- and CD8-positive T-cell responses can be elicited
without adverse events.””7 A phase I trial with this
approach is currently underway.”®

Antigen-targeted Vaccines—PSMA

PSMA is a transmembrane glycoprotein found on the
surface of many tissues throughout the body.”” Due to its
presence on the cell surface, generation of an anti-PSMA
humoral response with immunization may be effective in
decreasing or reversing disease progression, in contrast to
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the cytotoxic immune response likely required for immu-
notherapeutic strategies targeting intracellular or secreted
antigens.® Additionally, in contrast to other antigens such
as PSA, PSMA expression is increased in higher grade and
androgen-independent tumors and is associated with a
worse prognosis.®® These characteristics make PSMA an
attractive, biologically relevant antigen for investigation
with targeted immunologic therapy.

Genetic Vaccines DNA vaccines against PSMA have

recently been investigated in mice. Vaccination with plas-
mids encoding human PSMA (hPSMA), but not murine
PSMA (mPSMA), stimulated an immune response against
denatured mPSMA.* Similar studies are currently under-
way in human clinical trials. Viral delivery of PSMA,
with or without booster immunizations, with a DNA-
plasmid—encoding PSMA, has also been investigated in
a single phase I/1I trial in 26 patients with various stages
of prostate cancer.® The authors report the development
of delayed-type hypersensitivity responses, but there has
been no further development of this approach.

DC Vaccines A phase I trial investigated HLA-A2—
restricted peptides derived from PSMA (PSM-P1 or -P2),
used to prime autologous DCs, and delivered to patients
as a vaccine.®® In this trial, 51 patients with hormone-
refractory prostate cancer were treated with peptides
alone, DCs alone, or DCs pulsed with one of the peptides.
Of the 51 patients, 7 partial responders were identified, 2
of whom received either PSM-P1 or PSM-P2 alone and
5 who received DCs pulsed with peptide.®® A follow-up
investigation of the 7 responders indicated that 4 of the
7 patients continued to have a partial response for more
than 220 days.*” Several follow-up studies confirmed the
safety of this approach, the identification of peptide-spe-
cific T cells resulting from vaccination, and the suggestion

of clinical responses in some patients.®**

Antigen-targeted Vaccines—Other Antigens

Carbohydrate Antigens Cancers often result in the
production of aberrant short carbohydrate chains that are
expressed on the cell surface. One such carbohydrate anti-
gen is globo H (a hexasaccharide), which has increased
expression on the surface of both primary and metastatic
prostate cancer.”’ A dose-escalating phase I trial investi-
gating the safety of immunization with globo H fused to
keyhole limpet hemocyanin (KLH) was conducted in 18
patients with relapsed prostate cancer, half of whom had
radiographic evidence of bone metastases. Patients were
assigned to receive subcutaneous vaccinations (3, 10,
30, or 100 pg) on weeks 1, 2, 3, 7, and 19, along with
the saponin immunologic adjuvant (QS21). The vaccine
was well tolerated, with minimal toxicity. All immunized

IMMUNOTHERAPY OF PROSTATE CANCER

patients developed a strong IgM response to globo H;
however, the 30-pg dose appeared to be optimal. Antibod-
ies generated were capable of reacting with tumor cells,
and induced complement-mediated cell lysis in 50% of
the patients. All patients showed rising PSA prior to and
during the trial. Of 5 patients without bone metastases,
2 developed a small decrease in the slope of PSA change
3 months after receiving the vaccine. These results have
supported further investigation of globo H-KLH vaccines
in phase II and multivalent trials.””

Similar results were found in trials targeting
clustered  a-N-acetylgalactoamine-O-serine/threonine
(Tn[c]) and the Thomsen-Friedenreich (TF) antigens.’>%?
Tn(c) is often expressed on the surface of epithelial cell
tumors, including expression at high levels in prostate
cancer.” Immunization with Tn(c) linked with KLH or
palmitic acid (PAM) carrier proteins was investigated in
25 patients with biochemically relapsed prostate cancer
in a dose-escalation trial. Patients were given vaccina-
tions at weeks 1, 2, 3, 7, 19, and 50 (doses of 3, 7, or
15 pg Tn[c]-KLH or 100 pg Tn[c]-PAM). All patients
were given 100 pg QS21 as an adjuvant with the immu-
nization. No significant adverse events were observed.
Of those treated with Tn(c)-PAM, 1 patient had a 50%
decrease in the log change of PSA; however, in general,
antibody responses against Tn(c) were less in the group
receiving the PAM conjugate compared to KLH. Of the
15 patients treated with Tn(c)-KLH, 11 patients (44%)
had a 25% increase in the log slope of PSA change,
7 patients (28%) had stable disease, and 5 patients
(3 receiving the 3 pg dose and 2 receiving the 7 pg dose)
had a more than 25% decline in the PSA slopes.”* Phase
I trials targeting multiple carbohydrate antigens have
been conducted and continue to be evaluated.”

HER2/neu
dermal growth factor tyrosine kinase that is expressed in
many epithelial-derived cancers.”” HER2/neu has been
shown to be expressed in prostate cancer, but its preva-

HER2/neu is a proto-oncogene and an epi-

lence and the significance of its expression remain unclear.
Mounting evidence suggests that HER2/neu expression
increases as tumors progress towards androgen-inde-
pendence, suggesting the HER2/neu may play a role in
more aggressive tumors.””” To date, antibody treatments
targeting HER2/neu (eg, trastuzumab [Herceptin, Genen-
tech]) have not been shown to be effective as a sole treat-
ment against HER2/neu—expressing prostate tumors.”®?
E75 is an HLA-A2-specific peptide derived from
HER2/neu, originally identified as the dominant epitope
recognized by tumor-infiltrating cytotoxic T lymphocytes
in HLA-A2—positive patients with ovarian cancer.'®
Several trials have been conducted immunizing patients
with HER2/neu—expressing tumors with this peptide in
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adjuvant. An early study using this approach in patients
with prostate cancer demonstrated that no significant
immune responses were elicited.®> In a more recent trial,
17 HLA-A2—positive patients with HER2/neu—express-
ing prostate cancer and increased risk of recurrence were
vaccinated with 100, 500, or 1000 pg E75 monthly for
6 months. The treatment was well tolerated, and peptide-
specific immune responses were observed; however, little
clinical benefit was demonstrated.'"!

Prostate Stem Cell Antigen Prostate stem cell antigen
(PSCA) is a membrane protein expressed on more than
80% of prostate cancers, with increased levels found in
cells with higher Gleason scores and androgen-inde-
102104 Tn a pilot trial, 10 patients with
metastatic, androgen-independent prostate cancer were
immunized with autologous DCs pulsed with HLA-A2
epitopes derived from PSCA.' In this trial, delayed-
type hypersensitivity responses were observed in 5 of 10
patients. This response was associated with prolonged sur-

pendent tumors.

vival, as well as a reduced rate of PSA increase, decrease in
objective lymph node disease, and improved bone pain.'”
Further studies to investigate the efficacy of this vaccine in
patients with a lower tumor burden are anticipated.
Vaccination With Multiple Specific Antigens  Vaccines
targeting a single antigen have several potential drawbacks,
including the absence of potential therapeutic immunity
if a tumor does not present, or stops presenting, the target
antigen. The lack of response seen in some trials may in
part be due to failure of the tumor to express the antigen
being targeted. Consequently there is great interest in
defining multiple antigens and evaluating immunization
strategies targeting multiple antigens.'” As discussed
above, this is currently being investigated in multivalent
carbohydrate antigen vaccine trials.”* In addition, other
groups have investigated DCs vaccines loaded with pep-
tides from multiple antigens. In a pilot trial of patients
with prostate cancer immunized with autologous DCs
loaded with peptides derived from PSA, PSMA, survivin,
prostein, and transient receptor potential p8, there was
identification of T cells reactive to PSMA, survivin, and
prostein.'”” A similar trial has evaluated autologous DCs
pulsed with peptides derived from PSCA, PAP, PMSA,
and PSA.'® Further trials with appropriate clinical end-
points are anticipated.

Non—antigen-targeted Vaccines

Whole-cell Vaccines Some of the earliest studies in
animal models of tumor immunology investigated the
ability to immunize rodents with syngeneic tumor cells
to confer protection from subsequent tumor challenge.
More recently, vaccination studies conducted in rats with

allogeneic whole-cell irradiated prostate cancer cells have
demonstrated protection against challenge from lethal
doses of prostate cancer, suggesting crossreactivity with
shared antigens using allogeneic cell lines.'* This has pro-
vided the rationale for similar trials in patients with pros-
tate cancer. In a study reported by Eaton and colleagues,
60 patients with hormone-refractory prostate cancer were
divided into four groups and vaccinated with irradiated,
allogeneic prostate cancer cell lines (Pr1-4, Onyvax) at
2-week intervals for four vaccinations, followed then by
WO Mycobacterium vaccae was
given with each vaccination as an adjuvant. Whereas the
initial vaccine and 2-week boosters contained one of the
four prostate cancer cell lines, the monthly doses contained
three of the four allogeneic lines. A different combina-
tion of strains was given to each of the four experimental
groups. Little toxicity was observed. No patients showed
a sustained PSA during the course of treatment. Several
patients exhibited transient decreases in PSA, not neces-
sarily associated with the vaccine treatment itself, but 3
had transient decreases in their PSA without other con-
current therapy. T-cell proliferation was seen following
in vitro stimulation with any of the four prostate cancer
strain lines, suggesting the immunologic response gener-

monthly immunizations.

ated by the vaccination was potent against antigens shared
among cell lines."® In a similar trial, 28 patients with
hormone-refractory nonmetastatic prostate cancer were
immunized intradermally with a vaccine composed of
three irradiated allogeneic cell lines, OnyCap23, LnCal,
and P4E6.""! Immunizations were given with BCG as
adjuvant at 2-week intervals for the first three vaccines
and then monthly. The most common adverse events were
injection-site reactions. PSA velocity decreased in 42%
of patients, with an increase in the mean PSA doubling
time from 26 to 58 weeks. The change in PSA kinetics
appeared to be associated with a Thl-type production of
cytokines following vaccination.!! Based on these results,
further evaluation of whole-cell vaccines are anticipated.

GM-CSF-secreting Tumor Cell Vaccines GM-CSF
has been shown to augment the immune response against
whole-cell vaccines when used in combination. In pre-
clinical studies, irradiated B16 melanoma cells (incapable
of eliciting a protective immune response alone) were
transfected with viruses encoding a variety of cytokines.
Cells transfected to express GM-CSF increased the
inflammatory response generated at the vaccination site
significantly compared to nontransfected cells, resulted in
protection from subsequent tumor challenge, and had an
antitumor response in tumor-bearing animals.'? Similar
results have been demonstrated in other preclinical mod-
els. The first application of this approach to patients with

prostate cancer was reported by Simons and colleagues.'*?
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They reported a phase I trial in which 11 patients with
metastatic prostate cancer had autologous prostate cancer
cells harvested, cultured, transfected ex vivo with replica-
tion-deficient retrovirus encoding GM-CSE, irradiated,
and delivered intradermally as a vaccine.'”® Of the 11
patients entered in the trial, only 8 were able to be treated
due to the difficulty obtaining sufficient amounts of
tumor tissue for transduction. Three patients developed
antibodies recognizing prostate-tumor antigens. Adverse
events observed included injection-site reactions, fevers,
chills, and malaise. The approach, however, was not felt
to be feasible due to the difficulty of culturing autolo-
gous cells ex vivo, thus precluding possible evaluation in
patients with less advanced disease.'”® These investigators
have more recently reported the results of a phase 1/11
trial in which 21 patients with nonmetastatic prostate
cancer with rising serum PSA after definitive therapy were
treated intradermally weekly for 8 weeks with allogeneic
cells (LNCaP and PC3 prostate cancer cell lines) trans-
fected to express GM-CSF and irradiated.!* The authors
report that 16 of 21 patients demonstrated a decrease in
PSA velocity after vaccination, with 1 patient demon-
strating a PSA response of 7 months’ duration. Antibody
responses elicited to cell line—derived antigens were also
detected.* A similar open-label phase II trial conducted
in patients with androgen-independent prostate cancer
has suggested that patients treated with GM-CSF gene-
transduced allogeneic prostate cancer cell lines (GVAX)
may have prolonged overall survival.''>''® Given these
encouraging findings, two prospectively randomized
phase III trials are currently underway to evaluate this
approach, both with the primary endpoint of overall sur-
vival. The first trial (VITAL-1) is enrolling patients with
asymptomatic, castrate-resistant prostate cancer and is
comparing treatment with GVAX to docetaxel plus pred-
nisone. The second trial (VITAL-2) is enrolling patients
with symptomatic, castrate-resistant prostate cancer and
is comparing treatment with GVAX plus docetaxel to
docetaxel plus prednisone.

Protein- and mRNA-loaded DC Vaccines DCs have
also been used to deliver antigens from allogeneic prostate
cancer cell lines. Pandha and colleagues have described a
pilot clinical trial of 11 patients with hormone-refractory
prostate cancer treated with autologous DCs pulsed with
lysates from allogeneic prostate cancer cell lines.!"” This
study demonstrated safety and evidence of an immune
response elicited with vaccination. Further studies are
expected. Similarly, it has been demonstrated in preclini-
cal studies that mRNA from autologous tumors could be
used to transfect DCs and elicit tumor-specific cytolytic
T-cell responses.'® This general approach has been tested
in a pilot trial in which 19 patients with androgen-inde-
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pendent prostate cancer were treated with four vaccines
consisting of 2 x 107 autologous DCs transfected with
mRNA from three human prostate cancer cell lines.'”
Immunizations were given weekly for at least 4 weeks.
Ten patients received the vaccine directly into lymph
nodes and others received the vaccine intradermally. The
treatment was well tolerated and no events greater than
grade 1 were observed. Of 19 patients tested, 10 showed
an increased T-cell response following in vitro stimulation
with prostate cancer cells. This response declined over the
course of several weeks but was stimulated with boost-
ing. No improvements were noted in bone metastases as
seen by bone scan; however, 13 of 19 patients showed a
decrease in the log slope of PSA change postvaccination,
with 11 patients meeting the criteria for stable PSA levels.
These encouraging results suggest that vaccination with
mRNA transfected DCs is safe and, given the change in

PSA velocity, warrants further investigation.'"?

Combination Treatments

The absence of significant adverse events with most of
the agents described above has suggested that immuno-
therapies could readily be coupled with other antitumor
agents. Many of these were discussed above, including
combinations with GM-CSF and anti-CTLA-4. Other
combinations are highlighted below.

Immunotherapy and Bevacizumab

Bevacizumab (Avastin, Genentech) is a monoclonal
antibody targeting vascular endothelial growth factor,
a proangiogenic factor that also inhibits the function
of antigen-presenting cells.'"® As described above, infu-
sion of autologous antigen-presenting cells loaded with
PAP-GM-CSF fusion protein (sipuleucel-T) has been
shown to induce an immune response.”’”* To investigate
whether bevacizumab could be combined with sipuleu-
cel-T to augment immune responses, 22 patients with
nonmetastatic, recurrent prostate cancer were treated
with sipuleucel-T at weeks 0, 2, and 4 with bevacizumab
10 mg/kg intravenously given every 2 weeks until disease
progression. Six grade 3 events were reported resulting in
the withdrawal of 4 patients from the trial. Nine patients
were evaluated for evidence of antigen-specific T-cell
proliferation and found to have an increased response
postvaccination. The greatest increase was observed in the
patient with the largest PSA response. One patient had a
partial PSA response that was durable for 88 weeks. Three
had a decrease of at least 25%, and 9 had minor decreases
in serum PSA. Six patients had at least a 200% increase in
PSA doubling time, and 4 had an increase between 100%
and 200%.'* The toxicities observed were greater than
what has been seen with other trials using sipuleucel-T.
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In addition, the treatment response to bevacizumab alone
is not yet known in this population. These points with-
standing, the use of bevacizumab will likely be tested in
future trials with this vaccine and others.

Vaccines and Radiotherapy

Although vaccines may address systemic disease, their effi-
cacy may be limited in the face of a large local tumor bur-
den. Conversely, intense local treatment, such as radiation
therapy, is beneficial in addressing local tumor burden,
but has no efficacy for systemic disease. The combination
of these two therapies was investigated in 30 patients with
proven prostate adenocarcinoma who were eligible for
external-beam radiation therapy (EBRT).'* Patients were
randomized to receive either at least 70 Gy EBRT with
rV-PSA and costimulatory molecule B7 (n=19) or radia-
tion therapy only (n=11). Subsequent vaccinations were
performed monthly with rF-PSA, for a total of eight vac-
cines. Subjects received 100 pg GM-CSF subcutaneously
on days 1-4 of a 28-day cycle, and each vaccination was
performed on day 2. A dose of 4 MIU/m? IL-2 was then
administered on days 8—12. Therapy was well tolerated,
and 19 of 21 patients received all eight vaccinations. Sev-
enteen of 19 patients developed IFN-a—secreting T cells
upon stimulation with PSA postvaccination; however, a
decreased number of cells was detected immediately fol-
lowing radiation therapy. Thirteen of the 19 vaccinated
patients had a greater than 3-fold increase in the T-cell
stimulatory response. No increase in T-cell response was
noted in the radiation-only treatment group. T-cell
responses were also detected to other prostate-associated
antigens, including PSMA, PAD, PSCA, and mucin 1,
implying in vivo killing and presentation of other tumor
antigens.'* These results suggest that combining radiation
therapy and a vaccine is safe and generates an immune
response specific for not only the antigen being targeted,
but also against antigens presented by the tumor itself.
These encouraging results warrant further testing in a
larger randomized trial.

Vaccines and Chemotherapy Docetaxel was recently
approved for the treatment of androgen-independent
metastatic prostate cancer based on the results from two
large randomized trials demonstrating a survival benefit
in this population.””’® Given these findings, and studies
which suggest that taxanes themselves may be beneficial

in generating tumor-associated immune responses,'*!

a
pilot trial has recently been reported investigating a combi-
nation of these approaches.'” Twenty-eight patients with
progressive, metastatic, androgen-independent prostate
cancer were treated with either poxvirus vaccines encod-
ing PSA or vaccines plus docetaxel. Similar to other trials,

the initial vaccine was rV-PSA followed by booster vac-

cines with rF-PSA given 2 weeks apart for the first month
and monthly thereafter. A dose of 100 pg of GM-CSF was
given for 4 days following vaccination. Patients treated
with docetaxel plus vaccine were given docetaxel with
dexamethasone one day prior to vaccination beginning
in the second month of therapy. Following progression
in patients treated with vaccination only, patients were
given docetaxel. No significant toxicity was observed.
T-cell proliferative studies demonstrated similar immune
response rates in both study groups. A decline in serum
PSA was observed in 3 of 14 patients treated with vac-
cine alone, none over 50%. In the vaccine plus docetaxel
group, 6 of 14 patients had a decline in PSA levels, with
3 patients decreasing more than 75%. Patients treated
with the combination had a median time to progression
of 3.1 months, whereas those treated with vaccination
alone progressed with a median time of 1.8 months.
Patients who failed vaccination alone and received
docetaxel following failure had a median time to progres-
sion of 6.1 months.'” At this point it is unclear whether
there is an advantage in combining these treatments,
but certainly there was no identifiable disadvantage in
delaying chemotherapy in these patients. As described
above, other vaccines are being investigated in combina-
tion with chemotherapy, and many studies are ongoing
to evaluate the effects of different chemotherapy agents
and the timing with respect to immunization schedules.
It is likely that this will remain an active area of clinical
trials research.

Conclusion

Prostate cancer is a significant disease affecting millions
of men in the United States. Metastatic prostate cancer
is an incurable illness and is the major cause of death
from prostate cancer. The only treatments known to
potentially prolong survival in patients with metastatic
disease are androgen deprivation and chemotherapy.
Both of these treatments have significant side effects. The
results from nearly all early clinical trials using immuno-
therapy approaches for the treatment of prostate cancer
have shown minimal toxicity, and many have suggested
clinical benefit in terms of delaying disease progression.
Several phase III clinical trials are currently under way in
patients with metastatic, androgen-independent prostate
cancer. Several other trials have suggested that immuno-
therapy approaches can be safely, and perhaps beneficially,
integrated with other therapies. These treatments offer
challenges to the design of clinical trials where tradi-
tional endpoints such as reduction in tumor volume and
PSA declines by a certain percentage in patients with
large-volume disease may be less relevant. The results of

(Continued on page 477)
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ongoing large trials, and the results of trials combining
therapies with treatments designed to decrease immuno-
suppressive responses, are eagerly awaited. Taken together,
these findings offer hope to patients with prostate cancer
that new therapies with favorable benefit-to-risk ratios are
on the horizon.
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