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Abstract
Recent clinical trials have shown therapeutic vaccines to be promising treatment modalities
against prostate cancer. Unlike preventive vaccines that teach the immune system to fight off
specific microorganisms, therapeutic vaccines stimulate the immune system to recognize and
attack certain cancer-associated proteins. Additional strategies are being investigated that combine
vaccines and standard therapeutics, including radiation, chemotherapy, targeted therapies, and
hormonal therapy, to optimize the vaccines’ effects. Recent vaccine late-phase clinical trials have
reported evidence of clinical benefit while maintaining excellent quality of life. One such vaccine,
sipuleucel-T, was recently FDA-approved for the treatment of metastatic prostate cancer. Another
vaccine, PSA-TRICOM, is also showing promise in completed and ongoing randomized
multicenter clinical trials in both early and late stage prostate cancer. Clinical results available to
date indicate that immune-based therapies could play a significant role in the treatment of prostate
and other malignancies.
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1. Introduction
Prostate cancer is the most common malignancy in the Western world and ranks third in
terms of mortality. In 2010, an estimated 217,730 new cases were anticipated in the United
States, and about 32,050 men were expected to die from the disease (1). Although the
majority of patients are treated successfully with radical prostatectomy or radiation therapy,
approximately 30–40% of patients will ultimately develop recurrent disease (2). Of the
many treatment approaches for recurrent prostate cancer that no longer responds to
hormonal agents, immunotherapy is particularly promising, due to several unique
characteristics of both the disease and the treatment. Prostate cancer is a relatively indolent
disease, allowing time for the immune system to generate an immunologic response.
Furthermore, since the prostate is a nonessential organ, targeting prostate cancer-associated
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antigens is unlikely to have significant negative side effects. Finally, therapeutic cancer
vaccines have been shown to be much less toxic than chemotherapy, hormonal therapy or
targeted therapies, thus significantly improving a patient’s quality of life.

This review of immunotherapy for prostate cancer focuses on late-stage clinical trials, with
an emphasis on treatment strategies, immunologic endpoints, and biomarkers.

2. Targets of therapeutic prostate cancer vaccines
The ultimate goal of any cancer immunotherapy is to induce a targeted immune response
against cancer cells. Ideally, therapeutic prostate cancer vaccines should induce a focused
antitumor immune response by targeting defined tumor-associated antigens (TAAs) through
T-cell stimulation. Human cytotoxic T cells are able to recognize 9- to 15-mer antigenic
peptides expressed within the major histocompatibility complex (MHC). These peptides are
derived from endogenously expressed proteins, including TAAs that are processed by
proteases within cells. When appropriately activated, T cells can detect specific TAAs
within the MHC and initiate targeted, immune-mediated cancer cell killing (3, 4). To
accelerate translational research, the National Cancer Institute (NCI) recently developed a
system for prioritizing cancer antigens (5). Using paired comparisons, 75 “ideal” cancer
antigen criteria were weighted, in descending order, as follows: (a) therapeutic function, (b)
immunogenicity, (c) role of the antigen in oncogenesis, (d) specificity, (e) expression level
and percent of antigen-positive cells, (f) stem cell expression, (g) number of patients with
antigen-positive cancers, (h) number of antigenic epitopes, and (i) cellular location of
antigen expression. None of the 75 antigens had all of the characteristics of an ideal cancer
antigen. However, 46 were immunogenic in clinical trials and 20 of them had suggestive
clinical efficacy in the “therapeutic function” category. Several prostate-associated TAAs
have been identified (see Table 1), including prostate-specific antigen (PSA), prostate-
specific membrane antigen (PSMA), prostatic acid phosphatase (PAP), T-cell receptor
gamma chain alternate reading frame protein (TARP), new gene expressed in prostate
(NGEP), prostate stem cell antigen (PSCA), six-transmembrane epithelial antigen of the
prostate (STEAP), A-kinase anchor protein-4 (AKAP-4) and mucin 1 (MUC1) (6-16).

PSA, a 34-kD kallikrein-like serine protease, is expressed almost exclusively by prostate
epithelial cells and is the most widely used serum marker for diagnosis and monitoring of
prostate cancer (6, 7). PSMA is a transmembrane protein commonly found on the surface of
late-stage, undifferentiated metastatic prostate cancer and is an imaging biomarker for
staging and monitoring of therapy. This 100-kD transmembrane glycoprotein can also be
induced to higher levels of expression by androgen-deprivation therapy (ADT), which is
fundamental to the treatment of prostate cancer. It also represents an attractive antigen for
antibody-based diagnostic and therapeutic intervention in prostate cancer, since it is highly
restricted to the prostate and overexpressed in all tumor stages (8).

PAP is a well-known tumor marker and a major phosphatase enzyme of differentiated
prostate epithelial cells. It is a secreted glycoprotein (50 kDa) consisting of 2 subunits and is
biosynthesized by columnar secretory epithelia of the prostate gland (9). The primary
biologic function of PAP is still unclear. Another potential target, TARP, is a protein
expressed in patients with prostate and breast cancer and is present in both normal and
malignant prostate cancer tissue. It is found in about 95% of prostate cancer specimens,
making TARP a promising target antigen for cancer vaccines (10, 11).

NGEP is a prostate-specific gene encoding either a small cytoplasmic protein (NGEP-S) or a
larger polytopic membrane protein (NGEP-L). NGEP-L expression is detectable only in
prostatic tissue (prostate cancer, benign prostatic hyperplasia, and normal prostate). An
increase in NGEP-specific T cells was observed in the peripheral blood mononuclear cells
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(PBMCs) of prostate cancer patients after vaccination with a PSA-based vaccine, further
demonstrating the immunogenicity of NGEP in prostate cancer patients (12).

PSCA is a cell surface antigen in the Ly-6/Thy-1 family of glycosylphosphatidylinositol-
anchored proteins. PSCA has limited expression in normal tissues, but is highly
overexpressed in human prostate cancer. This makes it excellent target for both diagnosis
and therapy. Several studies have now clearly correlated expression of PSCA with relevant
clinical benchmarks, such as Gleason score and metastasis, while other studies have
demonstrated the efficacy of targeting PSCA in various treatment modalities (13).

Biochemical and secondary structural analyses of STEAP, identified in advanced human
prostate cancer, suggested that this protein could function as a channel, receptor, or
transporter protein; however, its function is currently unknown. Low levels of STEAP have
been detected in normal prostate tissues, but it is highly overexpressed in human prostate
cancer tissue. STEAP is not prostate specific, it has been detected in several bladder,
pancreatic, ovarian, and colon cancer cell lines. In TRAMP mice, STEAP is expressed at
high levels in malignant prostate tissue and has been used as a TAA (14).

AKAP-4 plays a critical role in prostate cancer cell invasiveness (15). Aberrant expression
of AKAP-4 in LNCaP prostate cancer cells and prostate cancer biopsies was recently
reported, as well as immunogenicity in patients and the successful generation of AKAP-4-
specific cytotoxic T lymphocyte (CTL) responses able to selectively kill prostate cancer
cells (16). MUC1 is a transmembrane glycoprotein expressed on the apical surface of
normal ductal epithelial cells as well as on adenocarcinomas of various tissues (17). It was
reported that MUC1 overexpression correlates with higher Gleason score, which indicate
that increased expression of MUC1 is up-regulated during cancer progression (18).

3. Target population
To be effective, a therapeutic prostate cancer vaccine must achieve 2 goals. First, the
vaccine must stimulate specific immune responses against prostate cancer cells. Second, the
immune responses must be sufficient to overcome immunosuppressive mechanisms that can
be employed by cancer tissue (19). Greater tumor burden has been associated with a
proportional increase in regulatory T cells (Tregs) (20, 21), as well as increased levels of
indoleamine-2,3-dioxygenase, IL-10, and TGF-β, all of which can further inhibit T-cell
activation and tumor lysis by a cancer vaccine (22, 23).

A recently published retrospective study provides clinical support for the concept that
patients with very aggressive cancer may not benefit from a cancer vaccine as monotherapy
(24). A well-established predictive algorithm, the Halabi nomogram (25), is used to stratify
patients and predict overall survival (OS) in patients treated with chemotherapy or second-
line hormonal agents. The Halabi nomogram is derived from an analysis of 1101 patients
with metastatic castration-resistant prostate cancer (mCRPC) who were treated with
chemotherapy or second-line hormonal therapy in Cancer and Leukemia Group B studies
between 1991 and 2001. The nomogram employs 7 significant baseline parameters: Gleason
score, performance status, PSA, alkaline phosphatase, lactate dehydrogenase, hemoglobin,
and the presence of visceral disease. In a recent NCI trial in patients with metastatic prostate
cancer, patients with a Halabi-predicted survival (HPS) of < 18 months (median predicted
survival 12.3 months) had an actual median OS of 14.6 months, while those with an HPS of
≥ 18 months (median predicted survival 20.9 months) have an OS that will meet or exceed
37.3 months, with 12/15 patients living longer than predicted (P = 0.035). Chemotherapy-
naïve patients with mCRPC treated with docetaxel had a median OS of 15.5 months
compared with a predicted survival of 16.5 months. There was only a slight difference in
predicted versus actual median OS for patients treated with docetaxel, regardless of whether
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they were in the < 18-month or ≥ 18-month HPS groups. These data suggest that patients
with more indolent disease characteristics may benefit most from therapeutic cancer
vaccines (24). (See Table 2 for an outline of the advantages and disadvantages of
chemotherapy vs. immunotherapy.)

4. Prostate cancer immunotherapies
4.1. Sipuleucel-T (PROVENGE®)

Sipuleucel-T is the first therapeutic cancer vaccine approved by the U.S. Food and Drug
Administration (FDA) for the treatment of cancer. The vaccine is uniquely generated from
each patient’s own PMBCs. PMBCs are collected by leukapheresis, isolated through
centrifugation, then incubated in vitro with PA2024, a recombinant fusion protein composed
of PAP and granulocyte-macrophage colony-stimulating factor (GM-CSF). After incubating
for 36 to 48 hours, the PMBCs are returned to the patient intravenously. The goal of this
process is to activate immune cells ex vivo, then reinfuse them to generate an immune
response targeting prostate cancer cells expressing PAP (26).

In phase I trials of sipuleucel-T, the most common adverse event was mild fever (27, 28). A
subsequent phase II trial demonstrated early evidence of efficacy, with 2 patients having
transiently decreased serum PSA; another patient’s PSA became undetectable for more than
4 years (29).

Results were recently published for the IMPACT trial, a randomized, double-blind, placebo-
controlled, multicenter phase III trial of sipuleucel-T in 512 patients with asymptomatic or
minimally symptomatic mCRPC. The study randomized patients 2:1 to receive sipuleucel-T
or placebo, and demonstrated a significant improvement in OS for sipuleucel-T (25.8
months) vs. placebo (21.7 months) (30). This trial supported the findings of a previous,
smaller phase III trial, D9901 (31), that enrolled 127 patients randomized in the same
fashion as the IMPACT trial. Patients were given either sipuleucel-T or placebo every 2
weeks for 3 total doses. There was no improvement in time to progression (11.7 weeks for
sipuleucel-T vs. 9.1 weeks for placebo), which was the primary endpoint of the study, but
there was a significant improvement in OS (25.9 months for sipuleucel-T vs. 21.4 months
for placebo; P = 0.010). A similar study, D9902A (32), followed the same trial design and
enrolled 98 patients. D9902A was closed prematurely when D9901 failed to reach its
primary endpoint (time to progression). As in D9901, time to progression did not improve
(10.9 weeks for sipuleucel-T vs. 9.9 weeks for placebo). Because this study was closed
before it met accrual goals, its power was reduced. For the patients who enrolled, OS
favored sipuleucel-T relative to placebo. (19.0 vs. 15.7 months; P = 0.331). A combination
analysis of the 2 trials again demonstrated a significant improvement in OS (23.2 months for
sipuleucel-T vs. 18.9 months for placebo; P = 0.011).

A clinical trial of sipuleucel-T randomized 176 patients with rising PSA after definitive local
therapy prior to ADT 2:1 to receive sipuleucel-T (n = 117) or control (n = 59). The study
failed to meet its primary endpoint of improved time to biochemical failure (18.0 for
sipuleucel-T vs. 15.4 months for control). Secondary endpoints included analysis of PSA
doubling time (PSADT), time to distant failure, immune response, and safety. Patients in the
sipuleucel-T group had a 48% increase in PSADT. However, it should be noted that the use
of PSADT as a clinical trial endpoint has not been validated. There was increased T-cell
proliferation in the sipuleucel-T group compared with control (Stimulation Index 13.193 vs.
118.50, P < 0.001). Interferon-gamma ELISPOT number also nearly doubled in the
sipuleucel-T arm (79 spots at week 13 for sipuleucel-T vs. 43 spots for control; P < 0.001)
(33). The most clinically relavent endpoints, time to distant failure and, perhaps, OS, will
require long-term follow-up. Based on previous data indicating no improvement in time to
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progression in patients with mCRPC who receive vaccine, OS data for these patients will be
particularly interesting. A phase II trial of sipuleucel-T in the neoadjuvant setting is ongoing,
with a primary endpoint of immunologic response (34).

4.2. PSA-TRICOM (PROSTVAC™)
Poxviral vectors have several advantages as platforms for immunotherapy: they are very
immunogenic, they can carry a large amount of genetic material, and there is extensive
clinical experience with the vaccinia poxviruses because of its use in the worldwide
eradication of smallpox (35). PSA-TRICOM is a vector-based vaccine that uses recombinant
poxviruses to target PSA and initiate an immune response against prostate cancer cells. This
“off the shelf” vaccine also contains transgenes for 3 costimulatory molecules, designated
TRICOM, that enhance T-cell activation: B7.1 (CD80), lymphocyte function-associated
antigen (LFA)-3, and intracellular adhesion molecule (ICAM)-1 (36). As a vehicle for
vaccine delivery, poxviruses have high cell infectivity rates and can infect antigen-
presenting cells (APCs) when injected into subcutaneous tissue. A phase II Eastern
Cooperative Oncology Group clinical trial (ECOG 7897) showed that targeting PSA with
two different types of poxviruses provided optimal results. Using a vaccine regimen that
included a priming dose of recombinant vaccinia (rV) followed by recombinant fowlpox
(rF) boosts, 45.3% of men were PSA progression-free at 19.1 months, and 78.1%
demonstrated clinical progression-free survival (PFS). There was a trend favoring this
schedule relative to other treatment schedules (37). While vaccinia likely induces a strong
initial immune response, subsequent doses are neutralized by anti-vaccinia antibodies.
Fowlpox is an ideal boosting agent because it does not replicate in human cells and does not
induce neutralizing antibodies (38). Based on these initial data, PSA-TRICOM includes both
vaccinia- (rV-PSA-TRICOM) and fowlpox-based (rF-PSA-TRICOM) platforms in a prime-
and-boost strategy.

A phase I study in patients with mCRPC demonstrated that PSA-TRICOM was well
tolerated, with local injection-site reaction as the most common adverse event (39).
Evaluable patients treated with PSA-TRICOM showed increases in PSA-specific T cells,
and 9/15 patients had decreased serum PSA velocity post-vaccination. An ongoing phase II
ECOG trial is evaluating PSA-TRICOM in patients with recurrent castration-sensitive
prostate cancer but no metastasis (stage D0). Patients were given an initial dose of rV-PSA-
TRICOM, followed by rF-PSA-TRICOM every 4 weeks for 2 months, then every 12 weeks
until PSA progression. Of the 69 patients enrolled, 29 were evaluable for response at 6
months. Of those 29 patients, 66% had a > 6-month PSA PFS. In addition, the median on-
study PSADT increased from 4.4 months to 7.7 months (P = 0.002) (40). Additional follow-
up is ongoing and the ultimate impact and clinical relevance of the prolongation of PSADT
will be evaluated in this population.

A 43 center randomized placebo (empty vector)-controlled phase II study of PSA-TRICOM
in minimally symptomatic mCRPC randomized patients 2:1 to receive either vaccine (n =
84) or placebo (n = 41). The primary endpoint was PFS, with a secondary endpoint of OS,
similar to sipuleucel-T trials. There was no difference in PFS between the 2 groups (3.8 vs.
3.7 months). However, at 3 years post-study, patients treated with PSA-TRICOM had
greater OS, with 25/82 (30%) patients alive vs. 7/40 (17%) controls. The median OS
improved by 8.5 months (25.1 vs. 16.6 months for controls), an estimated hazard ratio (HR)
of 0.56 (95% CI, 0.37 to 0.85), and stratified log-rank P = 0.0061 (36).

A trial conducted at the NCI in 32 patients with minimally symptomatic mCRPC provided
additional evidence of immune response in vaccinated patients. All patients received an rV-
PSA-TRICOM prime and monthly boosts of rF-PSA-TRICOM, resulting in declines in PSA
(38% of patients) and PSA velocity (47% of patients). Median OS among all patients was
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26.6 months (24). Immune analysis of 29 evaluable patients indicated a > 2-fold increase in
PSA-specific T cells in 13 patients; 5 who had a > 6-fold increase in PSA-specific T cells
were associated with a trend to improved OS (P = 0.055). Because of the possibility that a
PSA antibody response could artificially lower PSA, the authors have analyzed this and
other studies of poxviruses expressing PSA in prostate cancer and have seen only 1 of 269
patients with any evidence of free PSA antibody induction in serum post-vaccine. In
addition, patients with PSA declines did not have a worsening of PAP, imaging, or clinical
picture, suggesting that PSA is a reasonable marker for disease in patients treated with PSA-
TRICOM (36, 37, 41-45). Because PSA-TRICOM is an “off the shelf” vaccine it can be,
and is being widely evaluated at numerous cancer centers as both a monotherapy and in
combination therapies.

These are promising data, and PSA-TRICOM’s beneficial impact on mCRPC patients will
be further evaluated in a larger phase III study set to begin in late 2011 (46).

4.3. Ipilimumab
Ipilimumab is a fully humanized monoclonal antibody against cytotoxic T lymphocyte
antigen (CTLA)-4, an immune checkpoint molecule expressed by CTLs after activation by
an APC. The APC binds to the CTLA-4 molecule 24 to 48 hours after activation, which
inhibits the CTL as a means of moderating the body’s immune response (47). Binding of
ipilimumab to CTLA-4 blocks transmission of the regulatory signal and may increase the
immune response of CTLs against tumor cells (48, 49).

Blockade of this signal, however, may result in increased nonspecific T-cell autoreactivity,
which most commonly manifests as autoimmune-mediated colitis, endocrinopathies, and
rash (49, 50). Several trials have confirmed the finding of severe rash in up to 50% of
patients, and hypophysitis and hepatitis in around 5% of patients. Rarely, uveitis,
pancreatitis, leukopenia, red cell aplasia, and neuropathy can occur (51-57). There also
appears to be an association between immune-related adverse events and tumor response
(56).

Ipilimumab recently demonstrated a survival benefit in a phase III trial in metastatic
melanoma, in which patients were randomized to receive ipilimumab alone, a peptide-based
vaccine (GP100), or the combination of both. A significant OS advantage was seen in
patients who received ipilimumab, either alone (10.1 months; P = 0.003) or in combination
with GP100 (10.0 months; P < 0.001) compared to GP100 alone (6.4 months) (58). This
study led to FDA approval of ipilimumab in March 2011 for second-line treatment of
advanced melanoma. These encouraging trial results have also bolstered interest in the use
of ipilimumab to treat other tumor types. It is interesting to note that in the ipilimumab trial,
an OS advantage was seen with no significant advantage in time to progression.

In 2 phase I trials of ipilimumab in prostate cancer, grade 3 autoimmune colitis was again
the most serious toxicity, at times requiring systemic corticosteroid treatment (50). The first
phase I trial demonstrated a PSA decline in one patient and a partial response by RECIST
criteria in another. Toxicities were similar in this and a second phase I trial (59).
Interestingly, systemic corticosteroids effectively blunted autoimmune toxicities in most
cases, without diminishing the antitumor effect of ipilimumab (57, 60, 61). However,
prophylactic budesonide does not appear to prevent ipilimumab-related autoimmune colitis
(61).

Phase III trials of ipilimumab in prostate cancer are ongoing. One trial compares ipilimumab
vs. placebo in mCRPC, with a primary endpoint of OS (62). Another large randomized
phase III trial compares ipilimumab vs. placebo following radiation to bone metastases (63).
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Combination with a cytotoxic therapy that results in cell death and subsequent antigen
presentation may enhance the antitumor immune response induced by ipilimumab. This trial
also has a primary endpoint of OS.

4.4. GVAX
GVAX is a cell-based immunotherapeutic vaccine consisting of a GM-CSF-transduced
androgen-sensitive prostate cancer cell line (LNCaP) and a castration-resistant prostate
cancer cell line (PC3). This vaccine was designed to secrete GM-CSF as an immune
adjuvant to enhance immune stimulation, an approach that has been used in pancreatic,
breast, lung, and hematologic cancers (64). Two phase III trials, VITAL-1 and VITAL-2,
evaluated GVAX for prostate cancer in chemotherapy-naive mCRPC patients. VITAL-2
enrolled taxane-naive mCRPC patients with pain requiring opioid analgesics and
randomized them to a treatment arm and a control arm. Both arms received 75 mg/m2 of
docetaxel every 3 weeks. The control arm was also given 10 mg/day of prednisone. In the
treatment arm, 2 days after each docetaxel infusion patients were given a 500 million-cell
priming dose of GVAX and 300 million-cell boosts every 3 weeks for 10 cycles. After that,
patients received maintenance immunotherapy alone every 4 weeks. The study was
prematurely terminated in August 2008 after accrual of 408 patients due to an imbalance in
deaths between the 2 treatment arms (67 deaths in the docetaxel/vaccine arm vs. 47 deaths in
the control arm). No significant toxicities were observed in the docetaxel/vaccine arm that
could explain the imbalance in deaths. In both arms, 85% of deaths were attributed to
prostate cancer. OS was shorter in the docetaxel/vaccine arm, with a median survival of 12.2
vs. 14.1 months in the docetaxel/prednisone arm (P = 0.0076) (65).

In VITAL-1, 626 patients were randomized to receive GVAX (500 million-cell prime/300
million-cell boosts every 2 weeks for 13 cycles, followed by maintenance every 4 weeks) or
docetaxel (75 mg/m2 every 3 weeks) with prednisone (10 mg/day). The study completed
accrual in 2007, and all 626 patients completed the initial 6-month treatment period. The
study was prematurely terminated in October 2008 based on the results of a futility analysis
conducted by the study’s Independent Data Monitoring Committee, which determined that
the study had a < 30% chance of meeting its predefined primary endpoint of improved OS.,
The median follow-up was 66 weeks (at the time of study termination). Grade ≥ 3 adverse
events were seen in 8.8% of patients in the vaccine arm vs. 43% in the docetaxel arm. No
difference in median OS was observed (20.7 vs. 21.7 months; P = 0.78). In the subset of
men with an HPS of > 18 months, median survival was prolonged on GVAX compared to
docetaxel, but it was not statistically significant (29.7 vs. 27.1 months; P = 0.60) (66).

The failure to demonstrate clinical benefit for GVAX in VITAL-2 may be attributed to
patient selection, since only 18% of patients had an HPS of ≥ 18 months. In that select
subgroup, GVAX plus docetaxel appeared to do better than docetaxel with prednisone (HR
0.8). The survival advantage (demonstrated by separation of the Kaplan-Meier survival
curves) in the randomized trials of sipuleucel-T and PSA-TRICOM did not become apparent
for > 12 months (30, 36). Perhaps with longer follow-up, a similar trend will be seen in the
VITAL-1 data, especially in the subgroup with longer predicted survival.

Overall, one of the key lessons learned from the GVAX trials is the importance of
appropriate patient selection. In a previous phase II study of GVAX, the 22 patients treated
at the highest dose of vaccine (also used in the VITAL-1 and -2 studies) had an HPS of 22
months, compared with an actual OS of 35 months (67). In contrast, of the 626 patients
enrolled in VITAL-1, only 264 (42%) had an HPS of ≥ 18 months. Notably, within that
subgroup, patients randomized to treatment with vaccine showed a trend toward improved
survival compared to patients treated with docetaxel (HR 0.9) (66). Also, the possible
impact of GM-CSF and lack of prednisone on the outcome in both phase III studies is
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unclear. Exploratory analyses to identify subgroups of patients with preferential benefit from
the investigational therapy are currently underway. This outcome has yet to be explained by
immunologic or other mechanisms.

In May 2010, the manufacturer of GVAX, announced plans to develop and manufacture a
new version of the vaccine; a new phase II clinical trial is under consideration (68).

4.5. DNA vaccine encoding PAP
DNA-based vaccines are another antigen-specific approach to immunotherapy. DNA can be
rapidly and precisely synthesized to target nearly any selected antigen (69). The main
disadvantage of DNA-based vaccines is their low level of immunogenicity. To improve their
effect, several proinflammatory molecules, such as herpes simplex virus type 1 tegument
protein VP22 or Toll-like receptor agonists, have been incorporated into DNA-based
vaccines (70). In another approach, the vectors have been coadministered with GM-CSF to
recruit APCs, particularly dendritic cells (DCs), to the vaccine site. DNA vaccines are
usually injected intramusclulary or intradermally. To activate T cells, antigen must be
transferred to a professional APC, such as a DC. This indirect transfer of antigenic material,
possibly as apoptotic vesicles, is termed cross-presentation. A small proportion of DNA is
also taken up directly by DCs, where the encoded antigen can be processed and presented
endogenously (69).

A recent clinical study highlights the potential utility of DNA vaccines in prostate cancer. A
phase I/IIa dose-escalation trial was conducted with a DNA vaccine encoding human PAP in
22 patients with stage D0 prostate cancer. Patients were treated with 100, 500, or 1500 g of
plasmid DNA, coadministered intradermally with 200 g of GM-CSF as a vaccine adjuvant, 6
times at 14-day intervals. Patients were followed for one year after treatment, with no
significant adverse events observed. Three of 22 patients (14%) developed PAP-specific
IFN-secreting CD8 T cells immediately after the treatment course, as determined by
ELISPOT. Nine of 22 patients developed PAP-specific CD4 and/or CD8 T-cell
proliferation. Antibody responses to PAP were not detected. Overall, PSADT increased
from a median 6.5 months pretreatment to a median 8.5 months on treatment (P = 0.033),
and 9.3 months in the one-year post-treatment period (P = 0.054) (71). Quantifying clinical
benefit in this patient population is especially difficult, since vaccine approaches in prostate
cancer generally have not resulted in decreases in PSA. Here, an improvement in PSADT
was noted, but the clinical benefit of such changes has not been established. Perhaps due to
the relatively small number of patients studied, a correlation between clinical parameters and
immunologic readouts was not significant, but the available data support the notion that this
DNA vaccine induced detectable responses in patients with early-stage prostate cancer. It
appears that DNA vaccine encoding PAP is safe, elicits an antigen-specific T-cell response,
and may be associated with increased PSADT. Additional investigations designed to further
evaluate clinical efficacy are warranted.

4.6. Other prostate cancer vaccines (TARP, Stimuvax®)
Patients with stage D0 prostate cancer have no evidence of metastatic disease on imaging,
but have persistently elevated or rising PSA levels and are at increased risk for disease
progression. Since they lack much of the tumor-associated immune suppression associated
with the high tumor burden characteristic of end-stage metastatic disease, and they are
chemotherapy-naive, they are an ideal population in which to study the ability of therapeutic
vaccines to slow or prevent disease recurrence and progression (72). A novel 58 amino acid
protein, TARP, expressed in patients with prostate and breast cancer, has recently been
described (10). The protein is expressed by both normal and malignant prostate tissue (about
95% of prostate cancer specimens are TARP-positive). Essand et al. demonstrated that
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TARP originates from epithelial cells and not from infiltrating T lymphocytes, and that it is
expressed in normal prostate epithelium, adenocarcinoma of the prostate, and the prostatic
adenocarcinoma cell line LNCaP (73). Wolfgang et al. showed that TARP was expressed in
androgen-sensitive (LNCaP) but not in androgen-independent (PC3) prostate cancer cell
lines, implicating the role of TARP in prostate cancer progression (74). TARP is
immunogenic and hence a target antigen for therapeutic vaccines. Furthermore, the
immunogenicity of TARP peptides can be augmented through epitope enhancement
achieved through amino acid substitutions, resulting in increased peptide binding affinity.
An ongoing phase I randomized study at the NCI is evaluating vaccination with TARP
peptides in HLA-A*0201 stage D0 prostate cancer, using Montanide® ISA 51 VG (an off-
the-shelf vaccine adjuvant) plus sargramostim vs. autologous TARP peptide-pulsed DCs.

BLP25 liposome vaccine (L-BLP25, Stimuvax) targets the exposed core peptide of the
MUC1 TAA. More than 60% of primary prostate cancers express MUC1, as do > 90% of
metastatic lesions in lymph nodes (18). More aggressive disease (higher Gleason score) has
also been associated with higher MUC1 expression (75). Stimuvax is a lyophilized
preparation consisting of BLP25 lipopeptide, immunoadjuvant monophosphoryl lipid A, and
3 lipids (cholesterol, dimyristoyl phosphatidylglycerol, and dipalmitoyl
phosphatidylcholine), forming a liposomal product (76). A single-institution pilot trial was
performed using Stimuvax in 16 ADT-naïve patients with biochemical progression after
radical prostatectomy (77), with primary endpoints of safety and clinical activity. Patients
received a single intravenous dose of cyclophosphamide, followed by treatment with
Stimuvax for up to one year. There were no serious adverse events reported. After the 8-
week primary treatment period, 8/16 patients had stable or decreased PSA. At the last on-
study PSA measurement, one patient maintained stable PSA, but all others had PSA
progression. However, 6/16 patients had > 50% prolongation of PSADT compared to pre-
study PSADT. (As mentioned earlier, the clinical benefit of increased PSADT has not been
established and is merely suggestive of a clinical benefit.) These data indicate a good safety
profile in patients with prostate cancer and possible evidence of clinical activity. A pilot
study of Stimuvax in combination with standard ADT and radiation therapy for newly
diagnosed, high-risk prostate cancer patients is planned.

5. Treatment strategies
Therapeutic cancer vaccines as monotherapy have demonstrated varying levels of efficacy in
clinical trials; however, their ultimate role may be in combination with other standard and
experimental approaches. Emerging data suggest that the immune-mediated tumor-cell
killing induced by cancer vaccines can be augmented by some conventional anticancer
therapies (78). Certain chemotherapeutic agents and radiation therapy may up-regulate MHC
molecules, enhance TAA expression, and induce apoptosis by increasing the expression of
cell-death receptors such as TNF receptor, TNF-related ligand receptors, and Fas (79).
Regulators of immune response, such as certain cytokines and immune regulatory cells, may
decrease the immune response that can be generated against a tumor (80-84). Agents that
suppress these barriers to immune activation may thus enhance immune response to cancer
vaccines.

5.1. Vaccine plus radiotherapy
In addition to killing tumor cells, radiation may alter their phenotypic expression. Preclinical
data in several murine models indicate that nonlethal levels of radiation may induce
phenotypic changes in tumor cells and can up-regulate gene expression of cell markers such
as MHC, Fas, ICAM-1 and TAAs, rendering tumor cells more susceptible to T cell-
mediated immune attack (85, 86). Murine studies have also demonstrated that radiation
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combined with a therapeutic cancer vaccine enhances tumor-cell killing compared to either
modality alone (87).

Initial clinical data involving a first-generation poxviral vaccine provided a clinical proof of
concept. In a phase I trial, 19 patients received vaccine plus radiation, and 11 patients were
given radiation alone. Patients in the combination arm received a priming dose of rV-PSA
admixed with rV-B7.1, followed by monthly boosts of rF-PSA, for a total of 8 vaccinations.
The combination regimen was well tolerated, with no reported grade 3 toxicities to vaccine.
Of the 17 patients in the combination arm who completed all scheduled vaccinations, 13 had
a ≥ 3-fold increase in PSA-specific T cells, while patients in the radiotherapy-only arm had
no detectable increases in PSA-specific T cells (P < 0.0005) (42). Patients in the
combination arm also showed evidence of de novo generation of T cells to prostate-
associated antigens not present in the vaccine (a phenomenon known as antigen cascade),
providing indirect evidence of immune-mediated tumor killing. In short-term follow-up after
a median of 20 to 25 months, 2/17 patients in the combination arm had recurrence compared
to 2/9 patients in the radiation-only arm (42).

Nesslinger et al. reported that vaccine plus radiation therapy induced antigen spreading in a
large proportion of patients with localized prostate cancer who were treated as part of a
phase II clinical trial with a recombinant poxvirus-based vaccine targeting PSA (88). In
addition to inducing immunity to PSA, as intended, vaccination induced autoantibody
responses to a panel of 4 self-antigens in a significant proportion of patients, which seemed
to be associated with inferior outcomes. Tumor-specific vaccines can induce immune
responses to self-proteins, which may compromise therapeutic efficacy by provoking
regulatory responses in the host to minimize autoimmune damage.

5.2. Vaccine plus chemotherapy
Although it is generally believed that chemotherapy mutes immune responses, both
preclinical and clinical data have shown that docetaxel can be combined with vaccine for
enhanced outcomes. Preclinical data have shown that docetaxel increases antigen
presentation and improves immune response directed against tumor-cell TAAs and cascade
antigens. In the same model, antitumor effect was greater in mice that received vaccine
followed by docetaxel than in mice given either agent alone or the same agents in the
opposite order (89). Thus, chemotherapy may create an immunologic milieu in which
vaccine is better able to take effect (89, 90). The direct antitumor effect of chemotherapy
agents may decrease tumor burden or slow disease progression, allowing immunotherapy to
be more effective (24, 89). Furthermore, Von Mehren et al. demonstrated that the number of
prior chemotherapy regimens was inversely correlated with the ability to generate a T-cell
response, suggesting that patients with the most extensive chemotherapy pretreatment were
least likely to have immunological response to vaccination (91).

Matzinger recently proposed that direct tumor killing by chemotherapy agents may induce
molecular “danger signals” that can result in a more active immune response against
antigens found on dying cancer cells. Antigen presentation initiates a chain of events that
educates effector T cells to destroy TAA-bearing cells, but those immune responses are
triggered more powerfully by entities that cause damage than by those that do not (92-94).

A phase II clinical trial evaluated 28 mCRPC patients randomized to receive either vaccine
plus weekly docetaxel plus prednisone or vaccine alone. Patients on the vaccine-alone arm
were allowed to cross over to receive docetaxel alone at time of progression. After 3 months
of treatment, the median increase in T-cell precursors activated against PSA was 3.3-fold in
both arms as measured by ELISPOT. Evidence of antigen cascade was also seen in both
arms. These immunologic data suggest that vaccine combined with docetaxel plus
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prednisone did not inhibit a prostate cancer-specific immune response. Median time to
progression for the 11 patients who crossed over to docetaxel from vaccine alone was 6.1
months compared with 3.7 months for historical controls (95). Time to progression in the
combination arm (3.2 months) was similar to historical controls (90).

The 2 most fully developed prostate cancer vaccines, sipuleucel-T and PSA-TRICOM, have
both demonstrated a survival benefit without affecting short-term disease progression (30,
36). Therefore, using standard chemotherapy as a bridge to immune response may be a
reasonable approach. Vaccine therapy followed by docetaxel could delay short-term disease
progression until the vaccine can take effect. Clinical trials are being planned to
prospectively validate the benefits of vaccine followed by chemotherapy. One such trial is
ECOG E1809, a multicenter randomized phase II trial of docetaxel with or without PSA-
TRICOM vaccine in patients with mCRPC. Patients are randomized to 3 months of PSA-
TRICOM vaccine followed by docetaxel and prednisone vs. docetaxel and prednisone up
front, with median OS as the primary endpoint. This trial was initiated in late 2010 and will
enroll 135 patients.

5.3. Vaccine plus hormonal therapy
Combining therapeutic cancer vaccines with hormonal therapies is a potential approach for
hormone-sensitive tumors, such as breast and prostate cancer. Preclinical data indicate that
testosterone suppression affects not only prostate tumors, but also the immune system (96).
Increasingly, data suggest that ADT in prostate cancer can augment the immune response by
increasing T-cell infiltration into the prostate (97). Furthermore, ADT has been shown to
decrease immune tolerance of TAAs, increase the size of the thymus (where CTL precursors
proliferate and differentiate), and enhance the T-cell repertoire (96, 98-100). It may also
stimulate CTLs by reducing the number of Tregs and thus improving immune-mediated
tumor-specific response (101).

Hormonal therapy may have additional benefit when combined with therapeutic cancer
vaccines. Koh et al. showed that androgen ablation increased DC maturation and
costimulatory marker expression, but had no effect on DC costimulatory function. In adition,
DCs isolated from castrated mice increased the expression of key cytokines by antigen-
experienced T cells, while decreasing their expression in naïve cells. Finally, androgen
ablation improved immune responses to vaccination only when employed after
immunization (102).

A clinical study in men with nonmetastatic CRPC has also suggested a possible beneficial
effect using vaccines with combined androgen blockade (CAB), where patients are treated
with both ADT and an androgen receptor antagonist. Patients were randomized to either
vaccine or standard CAB that included nilutamide, an FDA-approved androgen receptor
antagonist. After 6 months, patients with rising PSA but no metastasis could cross over to
receive both therapies. The median time to treatment failure (defined by rising PSA or
development of a metastatic lesion) with the combined therapy was 13.9 months for patients
who started on the vaccine arm and added nilutamide at PSA progression. In contrast,
patients who started on nilutamide and added vaccine at PSA progression had a median time
to treatment failure of 5.2 months. This study suggested that vaccine given in early-stage
disease followed by nilutamide may have greater clinical efficacy than nilutamide followed
by vaccine (43). A subsequent follow-up survival analysis of these patients revealed a 75%
5-year survival rate for patients who were treated first with vaccine then had nilutamide
added, compared to a 43% 5-year survival rate for patients who received nilutamide first and
added vaccine later (103). As in other trials in mCRPC, patients with more indolent disease
(Gleason score < 7; P = 0.033) and lower disease volume (PSA < 20 mcg/ml; P = 0.013) had
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the most significant survival advantage if treated with vaccine prior to hormone vs. the
converse.

Evaluation of the first 26 patients enrolled in an ongoing randomized phase II study at the
NCI of flutamide with or without PSA-TRICOM in nonmetastatic CRPC revealed a median
time to progression of 223 days (range, 70 to 638) for flutamide plus PSA-TRICOM (n =
13) vs. 85 days (range, 56 to 372) for flutamide alone (n = 13) (104).

5.4. Treatment earlier in the disease course – intraprostatic vaccination
As mentioned earlier, preclinical data support the concept that immunotherapy provides the
most benefit earlier in the course of disease (21, 105-109). Newly diagnosed patients, then,
might be ideal candidates for vaccination. Preclinical data suggest that, for this patient
population, neoadjuvant intratumoral vaccination prior to definitive therapy may improve
immune responses and decrease tumor burden more effectively (110, 111). To determine
whether intratumoral vaccination of the prostate could be done safely, a phase I trial was
conducted in patients with locally recurrent prostate cancer. In all, 21 patients, 19 of whom
had undergone only previous radiation therapy (and thus had intact prostates), were enrolled
and given subcutaneous priming doses followed by intraprostatic booster doses of PSA-
TRICOM. No patients had local inflammatory responses that would have precluded surgery,
and only one patient had a grade 3 toxicity (transient fever, which resolved) (112). These
safety data may provide the basis for a phase II trial evaluating the efficacy of intraprostatic
vaccination in earlier-stage disease.

6. Changing Tumor Growth Rate Kinetics
Since 1989, PSA has been used in the United States as a marker of tumor response in
prostate cancer (113). Approximately 95% of patients with mCRPC will have elevated PSA
(114). Multiple trials have shown a significant OS benefit in patients who had a serum PSA
decline of ≥ 50% (115-117). This correlation established the standard of judging new
prostate cancer treatments by their ability to affect serum PSA values. Data analyses from
numerous trials in prostate cancer performed at the NCI have suggested that the use of PSA
values in a bivariate equation can identify a tumor growth constant. This model was created
based on tumor markers or radiographic findings in multiple myeloma (M protein), renal
cell carcinoma (radiographic changes), and prostate cancer (PSA). In turn, that growth
constant can be used to predict survival based on expected tumor volume. When the model
was applied in a trial where patients are being treated with cytotoxic therapies
(chemotherapy or tyrosine kinase inhibitors), it accurately predicted outcomes (even while
patients are still responding to therapy). However, analysis of a vaccine study showed no
initial responses in tumor growth, while survival substantially exceeded predictions based on
short-term growth rates. One likely explanation is that vaccines can alter tumor biology in a
way that ultimately alters growth rate, even when patients are no longer receiving vaccine.
By contrast, cytotoxic therapies can cause a temporary decrease in tumor volume, but
growth rate reverts to pretreatment levels when therapy is discontinued. Vaccines probably
do not decrease tumor volume, but they may slow growth rate after the vaccine has been
discontinued (118-120).

This model may help to explain the phenomenon described above in which patients with the
least disease appear to derive the most benefit from vaccine therapy. In a patient with a large
tumor burden of disease, slowing the growth rate will not have much impact. But a patient
with minimal disease whose tumor growth rate decreases may live much longer as a result.
Taking that a step further, each subsequent therapy the patient receives after vaccine may
provide more benefit than it would have done alone, as was seen in the nilutamide and
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flutamide studies described above (103, 104). Those subsequent therapies could also act as a
boost to vaccine if some tumor cell lysis occurred.

7. Appropriate trial endpoints
PFS vs. OS as an appropriate endpoint in clinical trials has been debated in the literature for
several years (121). PFS is measured as the time between initiation of treatment and tumor
progression or death from any cause, with censoring of patients who are lost to follow-up.
PFS is often deemed a more attractive endpoint than OS for clinical trials because it can be
determined earlier than OS, is less influenced by competing causes of death, and is not
influenced by second-line treatments. However, unlike OS, which is an objective
measurement, disease progression may be subject to measurement errors. Accurate
determination of the starting point of disease progression can be problematic, and the quality
of PFS measurement can vary among centers and investigators. In addition, the date of
progression is in fact a proxy for the true time of progression, which occurs at an unknown
point between 2 successive radiological assessments (122). Finally, while RECIST is a
useful tool for determining antitumor activity, improving survival should be the ultimate
goal of all cancer therapeutics (123).

We have seen that cancer vaccines can improve OS without significant changes in PFS.
Several mechanisms have been proposed for this phenomenon (78, 124, 125). Subsequent
therapies may alter the expression of TAAs on tumor cells, making them more susceptible to
immune-mediated tumor-cell killing, or may enhance the immune response by depleting
immune regulatory mechanisms. Chemotherapy-induced cytolysis may expose an activated
immune response to additional antigens that can then be targeted in a broader immune
response, or may trigger a molecular danger signal that leads to an enhanced immune
response.

A randomized placebo-controlled phase III trial of sipuleucel-T and a randomized placebo-
controlled phase II study of the vector-based vaccine PSA-TRICOM are good examples of
the importance of appropriate endpoints. The sipuleucel-T trial initially failed to meet its
primary endpoint of PFS; however, it did provide evidence of longer OS (25.8 vs. 21.7
months; P = 0.032) (27-29, 31). This advantage was confirmed in a larger OS endpoint study
(30). Likewise, the PSA-TRICOM study failed to meet its primary endpoint of improved
time to progression as determined by new or enlarging soft tissue tumors or bone metastasis,
but a survival analysis indicated a clear clinical benefit for the vaccine. The median OS was
8.5 months longer in the vaccine arm than in the control arm (P = 0.016), suggesting that
despite a lack of improved time to progression, there was a long-term survival advantage for
patients treated with PSA-TRICOM (36).

Unlike chemotherapy, which may have an early clinical effect, immunotherapies often
demonstrate delayed clinical effects. As seen in the IMPACT trial of sipuleucel-T, the
separation of Kaplan-Meier curves occurs approximately 8 months after randomization. In
randomized trials in which immunotherapies are compared with either placebo or inactive
controls, Kaplan-Meier survival curves may be superimposable for a time before separation
is observed. Generally, if there is a delayed separation, the statistical power to differentiate
the complete curves is reduced (126, 127). It is therefore recommended that computations of
the required events be based on a plausible specification of the timing of the delayed
separation, the desired statistical power, and the understanding that the trial will be
overpowered if delayed separation is not observed or is less than that specified. The log-rank
test is recommended to avoid deviation from conventional methods and to avoid
prespecification of parameters describing the delay, and as a hedge against absence of a
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delay. The cost of using the log-rank statistic is some loss of optimal conditions should a
delay occur (68, 126-128).

The vast majority of clinical trials rely on RECIST criteria, which were developed in 2000
through a collaboration of the European Organization for Research and Treatment of
Cancer, the National Cancer Institute of Canada, and the U.S. NCI (123, 129). RECIST
evaluates clinical benefit strictly in terms of reduction in size of soft tissue tumors, and
defines progressive disease as a 20% increase in the cumulative size of target lesions or
development of any new lesions (123, 129). However, the value of RECIST in
immunotherapy trials is questionable. A significant and potentially beneficial immune
response may cause transient increases in the size of lymph nodes, which RECIST criteria
could identify as progressive disease (130-132). Indeed, immunotherapy trials in melanoma
have suggested that the disease may initially flare in some areas before more clinically
beneficial results are seen (133).

New response criteria based on WHO and RECIST were evaluated in a few recent studies
with ipilimumab (53, 61) in which 4 distinct response patterns were described: immediate
response, durable stable disease, response after tumor burden increase, and response in the
presence of new lesions. All patterns appear to be associated with favorable survival
compared to patients with progressive disease by WHO criteria.

To evaluate all observed response patterns, a new set of immune-related response criteria
(irRC) for tumor immunotherapy was proposed (53, 134). Response categories defined as
immune-related complete response (irCR), immune-related partial response (irPR), immune-
related stable disease (irSD), and immune-related progressive disease (irPD) are considered
clinically meaningful because they appear to be associated with favorable survival. By irRC,
new lesions alone do not constitute irPD if they do not increase tumor burden by ≥ 25%.
Appearance of new lesions accompanied by an overall decrease in tumor burden of ≥ 50% is
defined as irPR, while a < 50% decrease to ≤ 25% increase in tumor burden is defined as
irSD. Importantly, an early increase in the size of lesions, which may be attributable to
inflammation, does not mean that irCR, irPR, or irSD may not be achieved at the next
consecutive time point.

Confirmation of irPD by a second scan in the absence of rapid clinical deterioration is
required. Thus, disease progression is confirmed by an increase in tumor burden of ≥ 25%
over baseline at 2 consecutive time points ≥ 4 weeks apart.

Appropriate endpoints in clinical studies are vital to understanding the benefits of emerging
immunotherapeutic agents used alone or in combination with cytoreductive therapies. The
final results of these trials will give added insight into appropriate endpoints for vaccine
combination studies.

8. Immunologic endpoints and tumor biomarkers
The recent clinical successes of modern immunotherapeutics have posed new dilemmas. As
noted, ipilimumab and sipuleucel-T, among other therapeutic cancer vaccines, have
demonstrated an OS benefit without changes in time to progression (30, 58). Although there
may be rational immunologic and clinical explanations for this phenomenon, clinicians
charged with making treatment decisions are left to wonder how to assess long- and short-
term benefits (125). There is an obvious role for standardized immune response biomarkers
to help determine clinical benefit soon after immunotherapy. These readouts would
determine if additional therapy is required and when it should commence. Many assays have
been described in the literature, but none has found a standardized role. Some are very
specific, such as the ELISPOT assay, which determines antigen-specific T-cell activation
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through individual cell IFN-γ production in response to an APC expressing the specific
TAA (135). The major shortcoming with ELISPOT assays is reproducibility, which may
vary from reader to reader or institution to institution (136, 137). Even if assays were
standardized, allowing for more uniform readings, they would not account for antigen
cascade, whereby the most relevant immune response may not be targeting the TAA
specified by a given vaccine. As previously demonstrated, an antigen cascade following a
vaccine-mediated immune response may result in the targeting of multiple antigens not
specified by that particular vaccine (42). Furthermore, the most relevant TAA may vary
among patients treated with the same therapeutic cancer vaccine. With agents such as
ipilimumab, which allow for a more nonspecific, less targeted immune response, it is less
clear which specific TAAs are most likely to be targeted. Thus, while evidence of a specific
immune response against a specified TAA may support the efficacy of an immune-based
treatment, the absence of that response may not preclude an immune response to a more
relevant secondary antigen as an indicator of potent antitumor immune effect. This
perspective suggests the wisdom of identifying a more generalized marker of immune
response.

Many methods have been employed to evaluate cytokine production in response to
immunotherapy. However, cytokine detection by ELISA assays is highly variable among
patients, and the overall sensitivity of this test is low. Conversely, real-time polymerase
chain reaction (RT-PCR) analysis, which is highly sensitive and reproducible, can evaluate
cytokine production by measuring mRNA. The drawback of this technique is that mRNA
analysis necessitates destruction of the immune cell, which prevents determination of T-cell
specificity (138). These and other techniques for assessing immune biomarkers need further
prospective evaluation in patients treated with modern immunotherapeutics. After decades
of research devoted to demonstrating the clinical efficacy of therapeutic cancer vaccines,
their ultimate utility could be substantially limited by a lack of useful biomarkers. Clearly,
this is the most pressing need for clinicians as these agents evolve from experimental to
standard therapies.

A new analysis of a phase III abiraterone acetate trial (COU-AA-301) supports previous
research suggesting that levels circulating tumor cells (CTCs) could be a predictor of
survival and an intermediate endpoint in randomized phase III trials. CTC levels at baseline
and 4, 8, and 12 weeks follow-up were correlated with OS, demonstrating their potential as a
surrogate biomarker. Although the initial data are encouraging, use of CTCs as a surrogate
endpoint will require prospective evaluation in clinical trials employing immune-based
therapies. (139).

The serological analysis of recombinant cDNA expression library (SEREX) offers another
approach for detecting novel tumor antigens serologically (140). SEREX, which is generated
from various tumor tissues or from cancer cell lines, provides a molecular definition of
immunogenic tumor proteins based on their reactivity with autologous patient sera. It has
been used to identify new tumor antigens in several malignancies (62, 63). However,
SEREX has limited application because antibodies to most antigens can be detected in only
10% to 30% of patients bearing a tumor expressing the respective antigen, and has no
correlation to any obvious clinical parameter (46).

The development of intermediate endpoint biomarkers is an absolute requirement for
accelerating the development of novel treatments for all cancers, but particularly cancer
vaccines. Intermediate endpoint biomarkers have been pivotal in the approval of drugs for
diabetes and chronic myeloid leukemia (CML), where blood glucose levels and circulating
Philadelphia chromosome-positive CML cells, cytogenetic response, and molecular
monitoring by RT-PCR of BCR-ABL transcripts have proven utility. The rapid development
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of ABL inhibitors and their expedited regulatory approval was also due, at least in part, to
the availability of highly specific and sensitive biomarkers of response and clinical outcome.
Unfortunately, unlike CML, most malignancies do not yet have such easily measurable
biomarkers (141).

There has been a significant effort to define pathways and harmonize methods for
translational cancer immunotherapy. The Translational Research Working Group published
a recommended pathway incorporating various milestones in a flowchart algorithm for
translating potential immunologic therapies from the bench to use in clinical trials (142). In
2007, the Cancer Vaccine Clinical Trial Working Group published a useful guide for
appropriate design of trials for vaccines that are ready for clinical testing (143, 144). Instead
of the usual phase I to III trials, the recommendations include proof-of-principle trials
followed by efficacy trials for promising candidates. A proof-of-principle trial would enroll
20 to 30 patients to test for safety, limited dose ranging, and immunologic efficacy. An
efficacy trial would be a randomized hybrid phase II/III trial, with well-defined time-to-
event endpoints such as overall, disease-free, and progression-free survival. Until this work
is finalized, published recommendations on harmonization of ELISPOT and tetramer
methods are available that provide a good foundation for conducting correlative
immunologic testing (143, 145).

In summary, improved biomarkers that can serve as generalized markers of immune
response or as intermediate and surrogate endpoints are urgently needed. These biomarkers
would help to identify patient benefit earlier in treatment, guide decisions to discontinue
ineffective strategies, and identify active anticancer drugs more efficiently. Ideally, such
biomarkers could be measured easily, rapidly, and frequently.

9. Future directions
The efficacy of prostate cancer vaccines will likely increase when the vaccines are combined
with agents that favorably alter the tumor microenvironment, leading to enhanced tumor-cell
killing by T cells. Combining vaccines that target different TAAs and use different
mechanisms to induce an immune response may also create more potent tumor destruction.
Boehm et al. have shown that using 2 vaccine platforms that target the same antigen may
induce shared and distinct antigen-specific T-cell populations. They compared the T-cell
populations induced by recombinant poxvirus and yeast vaccines in terms of serum cytokine
response, T-cell gene expression, T-cell receptor phenotype, antigen-specific cytokine
expression, T-cell avidity, and T-cell antigen-specific tumor-cell lysis. They demonstrated
for the first time that vaccination with a recombinant poxvirus vaccine (rV/F-CEA/
TRICOM) and a heat-killed yeast vaccine (yeast-CEA) elicits more diverse T-cell
populations, resulting in enhanced antitumor efficacy. These studies provide the rationale for
future clinical studies investigating concurrent administration of vaccine platforms targeting
a single antigen to enhance the antigen-specific immune response (146). As described
above, using vaccine therapies at different stages of disease and in combination with
standard therapies may provide additional benefit to patients. Rappuoli and Aderem have
proposed some novel principles for improving vaccines in general (147). An individual’s
response to vaccination depends on a multitude of interacting genetic, molecular, and
environmental factors spanning numerous temporal and spatial scales. These data sets
include molecular measurements such as DNA sequences, RNA and protein expression
levels, microRNAs, protein-protein and protein-DNA interactions, and metabolite biology.
Thus, the tools of systems biology are particularly well suited for analyzing vaccine studies,
with computation as an essential element of the systems biology approach. Computational
analysis may facilitate the development of detailed computational models that directly link
system phenotype to the behavior of the protein and gene regulatory networks. Once the
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model is sufficiently developed, it may have the potential to identify biomarkers that could
be used to predict the efficacy of vaccines.

10. Conclusions
Therapeutic cancer vaccines have been in development for several decades, initially with
disappointing results. But those failures increased our understanding of the immune
antitumor response and prompted the development of more potent vaccines and other
immunotherapeutic agents that are considerably less toxic than chemotherapies or targeted
therapies. Recent trials in prostate cancer have renewed hope that initiating an active
immune response with a therapeutic cancer vaccine can have long-term clinical benefit for
cancer patients. The generally indolent nature of prostate cancer, and the dearth of effective
systemic treatments for metastatic disease, may explain why vaccines have been more
successful in prostate cancer than in other types of cancer. Prostate cancer vaccines’ ability
to generate a cellular immune response that results in altered tumor growth curves and
prolonged survival has changed our understanding of the kinetics of immune response.

However, much work remains to be done. First, cellular immune response assays must be
standardized and validated as reproducible biomarkers that can be correlated with clinical
outcomes. Second, the new irRC, which can capture more complex response patterns,
should replace RECIST in studies of immunotherapies. irRC assess tumor burden as a
continuous variable that considers index lesions identified at baseline and new lesions that
occur after treatment is initiated, based on bidimensional measurements of each lesion.
Third, new statistical models describing hazard ratios as a function of time and recognizing
differences before and after the separation of Kaplan-Meier curves should be developed to
evaluate phase III trials.

The initial successes in prostate cancer may allow investigators to optimize vaccine
therapies for other diseases as well. Additional strategies are being investigated, many in late
clinical development. Combinations of vaccines, standard therapeutics, and other immune-
regulating agents are also under investigation.

Therapeutic prostate cancer vaccines, which have few side effects and the potential to
generate long-term immune responses that add clinical benefit to subsequent therapies are in
process of transforming cancer care and hold the promise of revolutionizing future cancer
treatments. As medical oncologists become more familiar with immune-based strategies,
these vaccines may well play a more dominant role in cancer treatment.
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Table 1

Targets of therapeutic prostate cancer vacciness

Target antigen Characteristics Expression

PSA (prostate-specific antigen) 238 AA serine protease
enzyme

prostate and semen

PSMA (prostate-specific membrane antigen) 238 AA serine protease
enzyme

Prostate and neovasculature of other solid tumors;
overexpressed in PCa

PAP (prostatic acid phosphatase) 386 AA secreted
glycoprotein

Widely expressed in many nonprostatic cells (lung,
kidney, brain, prostate)

TARP (T-cell receptor gamma chain alternate reading
frame protein)

58 AA protein Normal prostate, prostate, and breast Ca

NGEP (new gene expressed in prostate) 179 AA protein Prostate only; overexpressed in PCa

PSCA (prostate stem cell antigen) 123 AA membrane
glycoprotein

Prostate, bladder, colon, kidney, stomach;
overexpressed in PCa and bladder Ca

STEAP (six-transmembrane epithelial antigen of the
prostate)

339 AA protein Prostate only; overexpressed in PCa

AKAP-4 (A kinase [PRKA] anchor protein 4) 854 AA protein Multiple myeloma, prostate, testes; over-expressed
in PCa

MUC 1 (mucin 1) 1255 AA protein Colon, breast, ovarian, lung, pancreatic cancers and
prostate, overexpressed in metastatic disease

AA = amino acid
Ca = cancer
PCa = prostate cancer
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Table 2

Advantages and disadvantages of chemotherapy vs. active immunotherapy

Immunotherapy

Advantages Minimal toxicity*

Indirect, immune-mediated antitumor effect.

May work best in patients with minimal tumor burden.

May be effective after completion of treatment.

Disadvantages Delayed effect; may take months.

Unlikely to relieve symptoms.

No intermediate markers of benefit.

Response assessment unclear (irRC in development).

Chemotherapy

Advantages Improved symptoms.

Direct cytotoxic effect.

Potential short-term benefit.

Reliable response criteria (PFS, RECIST).

Disadvantages Toxicity.

Drug resistance may develop.

Tumor growth may resume when therapy is discontinued.

*
Immune-related toxicity can be seen with immune-checkpoint inhibitors like anti-CTLA4 monoclonal antibodies, however therapeutic cancer

vaccines have minimal toxicity.
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Table 3

Completed randomized trials of prostate cancer vaccines

Immunotherapy agent (trial) Endpoint # of patients Outcome Ref.

Sipuleucel-T (IMPACT) OS 512 Prolonged OS (25.8 vs. 21.7 months for placebo (P = 0.03), no
change in time to progression

(30)

Sipuleucel-T (D9901) TTP 127 Prolonged OS (25.9 vs. 21.4 months for placebo (P = 0.01), no
change in time to progression

(31)

PSA-TRICOM TTP 125 Prolonged OS (25.1 vs. 16.6 months for placebo (P = 0.0061), no
change in time to progression

(36)

GVAX (VITAL-1) OS 626 No difference in median OS (20.7 vs. 21.7 months, P = 0.78) (66)

GVAX (VITAL-2; prematurely
terminated)

OS 408 OS shorter in docetaxel/vaccine arm vs. docetaxel/prednisone arm
(12.2 vs. 14.1 months, P = 0.0076)

(65)
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Table 4

Ongoing randomized phase III trials of prostate cancer immunotherapy

Immunotherapy agent (trial) # of patients Primary endpoint Design Ref.

Ipilimumab 600 OS Chemotherapy-naive; ipilimumab 10 mg/kg IV or placebo (148)

PSA-TRICOM 1200 OS Chemotherapy-naive; vaccine alone or vaccine with adjuvant
doses of GM-CSF

(46)

Ipilimumab 800 OS Post-docetaxel; ipilimumab 10 mg/kg IV or placebo (149)
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