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Abstract / Synopsis:

Immunotherapies have emerged as a revolutionary modality for
cancer treatment, and a variety of immune-based approaches are
currently being investigated in the field of prostate cancer. Despite
the 2010 approval of sipuleucel-T, subsequent progress in prostate
cancer immunotherapy development has been limited by
disappointing results with novel vaccination approaches and by
prostate cancer’s general resistance to immune checkpoint
blockade. Nevertheless, there remains strong preclinical and
clinical evidence to suggest that prostate cancer is a susceptible
target for immune therapies. Innovative strategies for vaccine
development, adoptive cell transfer, alleviation of
immunosuppression in the tumor microenvironment, and
combinatorial approaches using existing drugs and novel immune
agents hold great promise for improving the treatment of prostate
cancer. The first article in this two-part series will provide an
overview of both past and present therapeutic vaccination
strategies for the promotion of antitumor immunity against
prostate cancer. Later, in Part 2, we will discuss novel areas of
clinical development and identify the trends that may define the
future of prostate cancer immunotherapy.

Introduction

Prostate cancer is the most commonly diagnosed malignant tumor in
American men and the second leading cause of cancer-related
mortality.[1] Even with recent advances in multimodality therapy for
localized disease, relapse occurs in 30% of patients,[2]while men with
metastatic disease ultimately develop therapeutic resistance despite the
advent of novel cytotoxic drugs, anti-androgen therapies, and
radiopharmaceuticals. Immunologic approaches have long been of



interest in prostate cancer because the disease has several
characteristics that theoretically make it a suitable immunotherapy
target.[3] The prostate is a nonessential organ whose tissues produce
multiple tumor-associated antigens (TAAs) for which specific T-cell
populations targeting them have been identified. These T cells can
potentially serve as the central effectors of adaptive antitumor immunity.
Additionally, the relatively slow growth kinetics of prostate cancer may
provide a longer window for the development of effective immune
responses. Despite these potential advantages, prostate cancer is
generally thought to be a “cold” tumor, with limited T-cell infiltration and
minimal responses to date to single-agent immune checkpoint therapies.
Prostate cancer has a relatively low tumor mutation burden,[4,5] which
has frequently been considered an indicator of a tumor’s poor inherent
responsiveness to checkpoint inhibition; in addition, emerging data are
identifying the presence of specific genetic phenotypes that are
associated with the development of less immunogenic intratumoral
landscapes.[6] Furthermore, prostate cancer tumors have been known to
downregulate human leukocyte antigen (HLA) class I expression, induce
T-cell apoptosis, increase immunosuppressive cytokines, and increase
suppressive regulatory T cell (Treg) populations in order to evade
immune surveillance.[7,8] Consequently, there is a significant need to
develop approaches that can circumvent the inherent
immunosuppression of the prostate cancer tumor microenvironment.
Clinical applications of immunotherapeutic approaches in prostate
cancer have yielded mixed results, but spurred by the success of
sipuleucel-T, the first therapeutic vaccine approved for use in human
cancer, numerous novel vaccination approaches that enhance antitumor
immunity are now being investigated (Table).

Sipuleucel-T

Sipuleucel-T consists of autologous peripheral blood-derived
mononuclear cells cultured with a prostatic acid phosphatase (PAP) and
granulocyte-macrophage colony-stimulating factor (GM-CSF) fusion
protein. Sipuleucel-T was approved for use in the setting of
asymptomatic or minimally symptomatic metastatic castration-resistant
prostate cancer on the basis of three trials whose results demonstrated



clinical efficacy. An integrated analysis of two of the trials, D9901 and
D9902A, demonstrated an improved median survival in those treated
with sipuleucel-T of 23.2 months vs 18.9 months for placebo, which was
equivalent to a 33% reduction in the risk of death (hazard ratio [HR], 1.5;
95% CI, 1.1-2.05; P=.011).[9] It should be noted, however, that overall
survival (0S) was a secondary endpoint in these studies, and that the
primary endpoint of improved progression-free survival (PFS) was not
met. Concerns have also been raised over the pooling of data from two
independent studies and over possible inequivalence of baseline disease
characteristics among the compared subgroups.[10] The subsequent
IMPACT trial randomized 512 patients with metastatic castration-
resistant prostate cancer in a 2:1 ratio to sipuleucel-T or the control
treatment and found a significant 4.1-month increase in OS for the
therapy group, although with no difference in time to progression; there
were no major differences in adverse effects between the two arms.[11]

Despite these results and the subsequent US Food and Drug
Administration approval of sipuleucel-T, its widespread adoption has
been hampered by the involved manufacturing process, concerns about
detrimental effects of the leukapheresis procedures, the limited
therapeutic window and magnitude of clinical benefit, and questions
raised by the discordance between the PFS and OS outcomes. Of
particular importance is the recognition of this phenomenon of
improved survival without changes in PFS as a recurrent theme in
immunotherapy trials. This has been noted in several other clinical
contexts, including in pre-approval trials of checkpoint inhibitors in
metastatic melanoma and renal cell carcinoma,[12,13] and it raises the
important question of what are the most appropriate parameters for
measuring efficacy in the age of novel immunotherapies.

Although the exact mechanism of action of sipuleucel-T is not known,
correlative studies provide insight into clinical predictors of response
and immunologic effects of the therapy. Retrospective analyses have
suggested increased benefit in patients with more favorable prognostic
features, such as lower baseline prostate-specific antigen (PSA) and
lactate dehydrogenase (LDH) levels and better performance status.[14]
Increased tumor burden is generally believed to correspond to greater



systemic immunosuppression, and the suggestion of a later onset of
action of sipuleucel-T based on the delayed separation of Kaplan-Meier
survival curves has led to recent recommendations to consider
sipuleucel-T vaccination early in the treatment of metastatic castration-
resistant prostate cancer.[15]

Mechanistically, sipuleucel-T has demonstrated robust activation of
antigen-presenting cells (APCs), antigen-specific T-cell responses, and
increases in cytokines associated with T-cell activation. The number of
APCs and their activation, as measured by CD54 upregulation, have
positively correlated with improved 0S.[16] Interestingly, sipuleucel-T
has also resulted in humoral antigen spread to a variety of targets
beyond PAP, with immunoglobulin (Ig) G responses to PSA and LGALS3
that have correlated with improved 0S.[17] A neoadjuvant trial of
sipuleucel-T prior to radical prostatectomy found that treatment could
increase the frequency of activated CD4+ and CD8+ T cells in the tumor
microenvironment, particularly at the interface with adjacent benign
tissue.[18] The broad stimulation of systemic immunity, along with the
recruitment of possible effector T cells to tumor by sipuleucel-T,
provides a further rationale for combining vaccination approaches with
other activators of T-cell function. This robust immunologic response
also suggests the need to consider further studies evaluating vaccination
in the neoadjuvant and adjuvant settings for localized disease, when
vaccination may enable the development of sustained antitumor immune
surveillance.

Other Vaccine Approaches

Cell-based vaccines

Despite the approval of sipuleucel-T, a variety of alternate vaccine
approaches have had much less success in the management of prostate
cancer. GVAX is a cellular vaccine consisting of irradiated cells from PC-3
and LNCaP prostate cancer cell lines that are modified to constitutively
express GM-CSF.[19,20] The theoretical advantages of this approach
include the opportunity to induce immunologic responses to multiple
TAAs and the possibility of mass-producing vaccines that can be



administered without the need for HLA matching.[21] Ultimately, two
phase III trials to test the therapeutic efficacy of GVAX were undertaken.
The VITAL-1 trial comparing GVAX to docetaxel plus prednisone in
asymptomatic castration-resistant prostate cancer was terminated after
a futility analysis demonstrated a less than 30% chance of meeting the
improved survival endpoint. VITAL-2, which compared the combination
of GVAX and docetaxel to docetaxel and prednisone was also stopped
after an interim analysis showed an increased risk of death in the GVAX
arm.[22] Clinical development of GVAX was ultimately halted.

Virus-based vaccines

PROSTVAC (PSA-TRICOM) is a cancer vaccine composed of a series of
poxviral vectors (vaccinia during the initial priming vaccine and fowlpox
for all boosts) engineered to express PSA and a triad of human T-cell
costimulatory molecules (B7.1, intercellular adhesion molecule 1, and
lymphocyte function-associated antigen 3).[23,24] A phase II study of
125 patients with minimally symptomatic metastatic castration-resistant
prostate cancer randomized to placebo or PROSTVAC with adjuvant GM-
CSF did not demonstrate improvement in the primary PFS endpoint but
showed an increased median OS of 25.1 vs 16.6 months (HR, 0.56; P =
.0061).[25] A similar trial by the National Cancer Institute that allowed
for enrollment of patients with symptomatic or visceral metastatic
castration-resistant prostate cancer demonstrated a median OS of 26.6
months, with 12 /32 patients demonstrating PSA decline. Patients with
lower-risk disease as defined by a Halabi model-predicted survival of >
18 months at the time of treatment had a particularly notable duration of
survival (median 0S, 37.3 months), suggesting the possibility that
vaccination provides the greatest benefit for patients with lower tumor
burden or a less aggressive phenotype.[23] In the setting of biochemical
recurrence after definitive local therapy, 63% of patients treated with
PROSTVAC in conjunction with GM-CSF were progression-free at 6
months, and there was a notable reduction in PSA doubling time
following treatment.[26]

Based on the promising phase Il data in patients with metastatic
castration-resistant prostate cancer, PROSPECT (ClinicalTrials.gov



identifier: NCT01322490), a global phase III trial enrolling 1,297
patients with metastatic castration-resistant prostate cancer, was
undertaken to evaluate the efficacy of PROSTVAC-VF + GM-CSF.
Unfortunately, this trial was stopped in September 2017 when a
preplanned interim analysis found the therapy to be unlikely to meet its
OS endpoint.

Despite the disappointing results of the PROSPECT trial, there are
compelling data to demonstrate the immunogenicity of PSA-encoding
poxviral vaccines. An aggregate evaluation of blood T-cell responses
across seven early poxviral vaccine trials showed 57% of patients
(59/104) with a twofold or greater increase in PSA-specific T cells
following the vaccine. Interestingly, a majority of these patients also
demonstrated the phenomenon of antigen-spreading, with documented
T-cell response to non-PSA antigen targets.[27] A similar vaccination
strategy incorporating only a single costimulatory molecule (B7.1) was
administered in conjunction with radiotherapy for localized prostate
cancer and was found to produce a significant increase in PSA-specific T
cells compared with radiotherapy alone.[28] Consequently, PROSTVAC
has been administered in combination with escalating doses of
ipilimumab in a phase I trial in metastatic castration-resistant prostate
cancer. This trial demonstrated no significant increase in adverse events
with the combination compared with ipilimumab alone,[29] with 14 /24
chemotherapy-naive patients (58%) experiencing PSA decline, and with
6/24 having declines of > 50%; moreover, the median OS in this trial was
a robust 31.6 months.[30] Currently, the optimal clinical contexts and
combination strategies for PROSTVAC remain questions of interest, with
ongoing trials being conducted in the localized (NCT02326805,
NCT03315871, NCT00096551), neoadjuvant (NCT02506114,
NCT02153918), adjuvant (NCT02772562), biochemical recurrence
(NCT00450463,NCT01875250), metastatic castration-sensitive prostate
cancer (NCT02649855), and castration-resistant prostate cancer
(NCT01867333, NCT02933255) settings.

DNA vaccines



DNA vaccines consist of closed circular DNA plasmids designed to
encode an antigen of interest under a strong mammalian promoter. The
first trial to evaluate a DNA vaccine encoding prostate-specific
membrane antigen (PSMA) in combination with adjuvant GM-CSF was
initiated nearly 2 decades ago and demonstrated the safety and
feasibility of generating immune responses to self-antigens in prostate
cancer patients.[31] A variation on this theme involved the use of PSMA
fused to tetanus toxin in patients who had exhibited biochemical
recurrence of prostate cancer. Here, all patients demonstrated an
increase in CD4+ T cells targeting tetanus toxin fragment C and CD8+ T
cells specific for the PSMA epitope; an increase in PSA doubling time was
also seen.[32]

pTVG-HP is a DNA vaccine encoding human PAP (hPAP) that produced
persistent hPAP-specific T-cell responses that correlated with favorable
changes in PSA doubling time. These responses frequently occurred later
in the course of DNA immunization, and the vaccine was able to augment
responses when given as a booster, sustaining a persistent type 1 T
helper cell-based T-cell response with an extended dosing schedule.[33]

KEY POINTS
o To date, sipuleucel-T remains the only vaccination strategy approved for use
in prostate cancer based on improvements in overall survival—although lack
of PSA modulation, challenges of administration, and cost have limited its
widespread utilization.

e Various vaccination approaches have so far failed to show significant clinical
benefit in late-stage trials, but the consistent demonstration of antigen-
specific immune responses and improvements in surrogate endpoints such as
PSA doubling time with many vaccination strategies is reason for optimism
about the future.

o Growing evidence suggests that implementation of vaccination strategies
earlier in disease and/or in combination strategies may enhance clinical
benefit. Future studies will have to investigate vaccination use in localized and
low-tumor-burden states, in addition to use of vaccines in synergistic
combinations with other immunostimulatory agents.

Several prostate cancer DNA vaccine trials are now active, most notably
trials utilizing pTVG-HP in combination with GM-CSF (NCT01341652), as
a prime boost to sipuleucel-T therapy (NCT01706458), and with



programmed death 1 (PD-1) blockade via pembrolizumab
(NCT02499835). The last of these strategies is based on preclinical
models demonstrating upregulation of PD-1 in the T cells of mice treated
with pTVG-HP DNA vaccinations, with preliminary data showing
encouraging antitumor activity in a setting where single-agent PD-1
blockade has largely been ineffective.[34] Several novel vaccination
strategies currently in early development include a DNA vaccine that
encodes the androgen receptor ligand binding domain (NCT02411786),
dual targeting with simultaneous use of partially humanized PSA and
PSMA coding constructs (NCT02514213), and novel combinations with
immunomodulatory agents and checkpoint inhibitors (NCT02616185).

Adenoviral vaccines

Another method for directly inducing immunogenic cell death of prostate
tumor cells involves the use of a replication-deficient adenoviral vector
expressing the herpes simplex virus thymidine-kinase gene (HSV-TK)
delivered directly to localized prostate cancer (AdV-tk). Administration
of the antiherpetic prodrug induces local cytotoxicity, and when
combined with inflammation from standard debulking surgery or
radiation, this therapy may theoretically activate both innate and
adaptive antitumor immune responses. The HSV-TK protein also acts as
a super-antigen-like molecule in this setting.[35] Following
demonstration of safety in a phase I trial,[36,37] the combination of
intraprostatic AdV-tk, androgen deprivation therapy, and radiation for
high-risk localized disease achieved lower recurrence rates compared
with historical controls.[38] There has also been suggestion of a
prolonged time to recurrence when AdV-tk is utilized in the neoadjuvant
setting.[39] These findings have led to a placebo-controlled phase III trial
in patients with localized disease who are candidates for curative
external beam radiation therapy (NCT01436968).

Dendritic cell vaccines

Dendritic cells (DCs), which capture, process, and present antigens to T
cells,[40] have received considerable interest as a basis for cellular
vaccines that can be manipulated to induce responses against TAAs.



Three main approaches have been evaluated in DC vaccination: ex vivo
antigenic peptide loading followed by autologous infusion of the
conditioned DCs, gene modification of DCs in vivo through the use of
recombinant viruses, and ex vivo genetic engineering for antigen
presentation with or without enhanced cosignaling.

DCVAC/PCais a promising vaccination strategy that is now being
evaluated in a global phase Il clinical trial (VIABLE; NCT02111577). Itis
an autologous DC-based vaccine composed of Poly (I:C)-activated DCs
pulsed with Kkilled prostate cancer cells from the LNCaP cell line. Phase |
and Il trials showed that a regimen of DCVAC and metronomic
cyclophosphamide co-administered with docetaxel increased OS by 7.2
months over historical controls with metastatic castration-resistant
prostate cancer.[41] This regimen was well tolerated overall, with no
serious anaphylactic reactions or adverse events attributed to
immunotherapy. NCT02107430 is another active trial testing the efficacy
of DCVAC/PCa in the adjuvant setting following definitive radiation for
high-risk localized disease.

Different formulations of DC vaccines utilizing alternative sources of
TAAs and other adjuvants are in early stages of development as well.
These include DCs pulsed with recombinant human PSMA and
recombinant survivin peptide,[42] with prostate cell line lysates,[43]
with PSMA and inducible CD40,[44] and with the T-cell receptor y chain
alternate reading frame protein (TARP).[45] It remains to be seen how
these vaccination approaches can be optimized and sequenced to
enhance antitumor immunity and what modes of therapeutic utilization,
likely in combinatorial approaches, will prove most effective.

Bacteria-based vaccines

Listeria monocytogenes is an intracellular pathogen that is actively
phagocytosed by APCs and is able to subsequently replicate in the
cytosol via escape from the phagosome. These pathogenic features
enable the generation of both CD4 and CD8 responses, since Listeria
antigens are processed through both the major histocompatibility
complex (MHC) I and MHC Il pathways.[46] The use of an attenuated



form of Listeria engineered to express TAAs leverages these
immunogenic features to induce an antitumor immune response;
vaccines with an attenuated Listeria vector are being investigated in a
variety of disease contexts. Preclinical data have demonstrated the
ability of Listeria vector vaccines to generate an antigen-specific tumor
response and to induce tumor regression in murine prostate cancer
models, both as a single agent[47] and when administered with radiation
therapy.[48] Two commercial Listeria platforms are currently being
evaluated in phase I clinical trials, for safety alone (ADU-741/]JN]J-
64041809; in NCT02625857) and in combination with PD-1 checkpoint
blockade (ADXS31-142; in NCT02325557).

Peptide vaccines

Another approach to the stimulation of antitumor immune activity
involves the use of personalized peptide vaccines (PPVs). These consist
of multiple exogenously administered cancer-associated peptides that
can be presented on HLA class [ molecules for recognition by T cells.
Adjuvants such as toll-like receptor ligands, Montanide ISA-51, or
agonists of stimulator of interferon genes (STING) are used to stimulate
polarized type 1 T helper cell or CD8+ T-cell responses.[49] Aided by
rapid improvements in next-generation sequencing and the development
of algorithms for epitope prediction, these peptides seek to induce
robust and rapid cytotoxic T-lymphocyte activation without the costs
and cell availability limitations of cell-based approaches.[50] The first
randomized phase II trial of PPVs in prostate cancer, reported in 2010,
was an open-label, multicenter, crossover study comparing a four-
peptide vaccine plus a low dose of estramustine phosphate (EMP; 280
mg/d) with a standard EMP dose (560 mg/d) in patients with metastatic
or nonmetastatic castration-resistant prostate cancer.[51] Median PFS
was 8.5 months in the PPV-plus-EMP group and 2.8 months in the EMP-
only group (P =.0012); the HR for OS was 0.3 (95% CI, 0.1-0.91) in favor
of the PPV-plus-EMP group (log-rank P =.0328). The combination was
tolerated without major adverse effects. Another study, which assessed
PSA kinetics and immune responses associated with a PPV, found that
peptide-specific IgG and T-cell responses strongly correlated with PSA
doubling time, which in turn showed a correlation with 0S.[52] These



markers may be important surrogates to monitor in light of the
observation that PFS and OS often do not track together in the setting of
prostate cancer immunotherapies. A recent trial of 72 patients with
early-stage castration-resistant prostate cancer found that those treated
with PPV plus low-dose dexamethasone vs dexamethasone alone
showed marked improvements in PFS (22.0 vs 7.0 months; P =.0076)
and OS (73.9 vs 34.9 months; P =.00084), a significant finding that needs
to be validated in a phase III setting.[53] Combining PPV with low-dose
cyclophosphamide in an attempt to abrogate immunosuppressive Treg
populations did not affect clinical response; however, while Tregs were
decreased with combination therapy, it is possible this
immunostimulatory effect was compensated for by the increase in levels
of myeloid-derived suppressor cells. Of note, a subset analysis revealed
that patients who exhibited a humoral immune response to the peptide
in the vaccine or increased peptide-specific cytotoxic T-lymphocyte
activity in peripheral blood showed significantly longer survival.[54]

A novel vaccine approach involves use of peptides of the reverse
transcriptase subunit of telomerase (hTERT), which is often
overexpressed in cancer cells and which plays an important role in
tumor proliferation. Earlier studies demonstrated extensive epitope
spreading within hTERT following vaccination with a 16-amino acid
hTERT peptide fragment,[55] and based on these data, a therapeutic
hTERT vaccine consisting of the three highest-frequency hTERT peptides
was tested in patients with prostate cancer. In this phase I study, hTERT
vaccine and GM-CSF were administered to patients with metastatic
hormone-naive prostate cancer who were beginning androgen
deprivation therapy. Out of 22 patients, 21 also received radiotherapy to
the prostate or adjacent bony lesions during the vaccination period. As
expected, a majority of the patients experienced significant reduction in
PSA levels, but in addition, 86% demonstrated an immune response to
the administered peptides. Of note, 2 patients in the highest-dose (0.7
mg) peptide group experienced anaphylactic reactions; ultimately,
intermediate peptide dosing at 0.3 mg was deemed safe and most
immunogenic.[56] GX301 is a vaccine consisting of four telomerase
peptides and the adjuvants Montanide ISA-51 and imiquimod; it was
found to be safe and immunogenic in an early trial,[57] and a phase Il



trial in patients with metastatic castration-resistant prostate cancer who
have already been treated with docetaxel is now active (NCT02293707).

Conclusion

While later-phase trials of single-agent vaccination therapies beyond
sipuleucel-T have not yielded significant clinical benefit to date, these
studies have provided a valuable foundation that can guide the
development of subsequent strategies for prostate cancer
immunotherapy. It is clear from correlative clinical trial experiments
that numerous vaccination approaches are able to induce immunologic
responses to putative TAAs. Furthermore, patient subset analyses of
clinical trials suggest that certain populations, particularly those with a
lower tumor burden and those earlier in the course of disease
progression, may ultimately be more likely to benefit from vaccination
strategies. This argues for the need to carefully evaluate the patient
populations being treated in vaccination trials and to consider utilization
of vaccines in localized and oligometastatic settings.

Future vaccination approaches will undoubtedly seek to utilize vaccines
in conjunction with the many agents now being developed to stimulate
both the innate and adaptive immune system. Promising strategies may
also look to incorporate vaccines in conjunction with existing modalities
of treatment, such as radiation therapy, that are known to have
immunomodulatory properties. We will discuss many of the alternative
immunotherapeutic approaches currently under investigation in Part 2
of this series. As we continue to gain a deeper understanding of the
immunogenic properties of prostate cancer vaccines and identify new
ways to augment antitumor immunity, the full therapeutic promise of
prostate cancer vaccination may yet be fulfilled.
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