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INTRODUCTION

Recent years have seen the rapid development of immune-based therapies in the treatment of
advanced solid tumors. Although much of the current focus is on immune checkpoint
inhibitors (cytotoxic T-lymphocyte antigen-4 (CTLA-4) inhibitors, anti-programmed death-1
(PD-1) inhibitors), this burst of immunotherapeutic development actually began with a
therapeutic cancer vaccine in prostate cancer, sipuleucel-T in 2010. Since 2010, however, the
role of immunotherapy in other cancers such as lung cancer and melanoma has become
clear, while the benefits of immune stimulating therapies in prostate cancer remain
somewhat enigmatic. Emerging data and ongoing studies will help define the ultimate role
of immunotherapy in the management of prostate cancer.

THERAPEUTIC VACCINES [header]

Therapeutic cancer vaccines are an attractive strategy for cancer treatment given that they
harness the patient’s own immune system and are associated with less toxicity when
compared to cytotoxic chemotherapy. These vaccines act by stimulating an immune
response to specific tumor-associated antigens (TAA) and may be divided into two
categories: /n vivoor ex vivo. In vivo strategies, which include PROSTVAC and AdV-tk, are
designed to present TAASs to dendritic cells (DC) or other antigen presenting cells thereby
inducing /n vivoimmune stimulation. Alternatively, vaccines such as sipuleucel-T and
DCVAC/PCa use an ex vivo approach in which autologous immune cells are collected via
leukapheresis, processed ex vivo with the goal of immune activation, then reinfused into the
same patient [1-4]. Following suitable activation, it is hypothesized that activated immune
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cells including DCs migrate to lymph nodes for antigen presentation and priming of
cytotoxic T cells. An activated T cell may then recognize a cell bearing its TAA potentially
resulting in malignant cell lysis [5, 6]. Sipuleucel-T is FDA-approved for the treatment of
prostate cancer, while several other vaccines, including PROSTVAC, DCVAC/PCa and AdV-
tk, have also demonstrated promise in early phase studies [2, 4, 7] and are currently being
evaluated in phase 3 trials (NCT01322490, NCT02111577, NCT01436968). [Table 1]

Sipuleucel-T [sub-header]

The potential benefit of immunotherapy in prostate cancer was initially suggested with
sipuleucel-T, which is an autologous cellular immunotherapy FDA-approved for the
treatment of asymptomatic or minimally symptomatic metastatic castration-resistant prostate
cancer (MCRPC) [3]. Although the precise mechanism is enigmatic, sipuleucel-T is
designed to induce an immune response against prostate acid phosphatase (PAP). Antigen-
presenting cell (APC) precursors are isolated from the peripheral blood mononuclear cells
(PBMC), activated /n vitro with the fusion protein PAP-GM-CSF (also known as PA2024)
and reinfused into the patient. IMPACT, a randomized, double-blind, placebo-controlled,
multicenter trial in patients with asymptomatic or minimally symptomatic mCRPC led to the
approval of sipuleucel-T [8]. In this phase 3 trial, 512 patients were randomized 2:1 to
receive sipuleucel-T or placebo. Patients who received sipuleucel-T experienced a 4.1 month
improvement in median overall survival (OS) (25.8 vs. 21.7 months; P=0.03). No
improvement in median time to progression was observed (14.6 vs. 14.4 weeks). Overall,
sipuleucel-T was well tolerated and reported adverse events included chills, fever, and
headache. In this study, sipuleucel-T was also shown to induce T-cell responses and humoral
antigen spread and these responses seen in the blood were associated with improved OS [18,
19]. Also CD54 upregulation, a surrogate for human APC activation, was FDA approved as
a potency measure of sipuleucel-T [20].

The immune effects of sipuleucel-T on the prostate tumor microenvironment were evaluated
by Fong and colleagues [21]. Sipuleucel-T was administered to 37 men with previously
untreated localized prostate cancer prior to radical prostatectomy (RP). The primary
endpoint was the change in the number of infiltrating CD3* T cells/um?2 within the prostate
tissue between paired biopsy and post-treatment RP specimens. This trial demonstrated an
increased infiltration of CD3™ T cells at the tumor interface in the sipuleucel-T treated RP
tissue when compared with the pretreatment biopsy tissue (P < 0.001). This important data
provided some of the first evidence that sipuleucel-T can mobilize immune cells to the
tumor microenvironment, supporting its purported mechanism of action.

DCVAC/PCa [sub-header]

DCVAC/PCa combines autologous mature DCs pulsed with killed prostate specific antigen
(PSA)-positive LNCaP cells. A phase 1/2 open-label, single-arm trial combined
DCVAC/PCa with chemotherapy in 25 patients with mCRPC [4]. Patients received
DCVAC/PCa at a dose of 1x107 DCs/dose injected subcutaneously at day 0, 14, 35 then
every 6 weeks until toxicity, or until the maximum number of doses manufactured from one
leukapheresis was reached (median 12 doses administered). In addition, patients received an
initial 7 days metronomic oral cyclophosphamide 50mg daily, which was included based on
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its potential to deplete regulatory T cells thus allowing for optimal T cell activation [4, 22].
On day 14, the standard regimen of docetaxel 75 mg/m? every 3 weeks with prednisone 5
mg twice daily was initiated following the second DCVAC/PCa dose. In an effort to increase
local accumulation and activation of DCs /7 vivo, imiquimod cream was applied topically to
the administration site 24 hours before and after each vaccine injection. Imiquimod is a toll-
like receptor-7 agonist that induces cytokines and has been used as a vaccine adjunct in other
clinical studies [23, 24]. The primary and secondary endpoints of the DCVAC/PCa trial [4]
included safety and immune response. The most common adverse events reported were
fatigue, back pain, and paresthesias. No grade 4 or 5 toxicities were reported. When
compared with the predicted median OS using established nomograms (11.8 months with
the Halabi nomogram and 13 months with the MSKCC nomogram), the OS observed with
the administration of DCVAC/PCa was significantly longer at 19 months (HR 0.26, 95% ClI
0.13-0.51). As a result of this promising data, a randomized, double-blind, placebo-
controlled, parallel-group phase 3 trial was initiated and is currently accruing (VIABLE;
NCT02111577). VIABLE will evaluate the safety and efficacy of first-line docetaxel in
combination with DCVAC/PCa or placebo for the treatment of patients with mCRPC [25].

BDCA-1BDC-01 [sub-header]

In a similar approach, purified populations of autologous CD1c (BDCA-1*) blood-derived
dendritic cells (BDC) are loaded with HLA-A*0201-restricted peptides. To derive the
BDCA-1BDC-01 vaccine, CD1c* BDC are immunomagnetically isolated following
apheresis. The BDCs are then pulsed with HLA-A*0201-restricted peptides derived from
PSA, PAP, control influenza matrix protein, and keyhole limpet hemocyanin. This open-
label, dose-finding study included 12 HLA-A*0201" patients with asymptomatic mCRPC
[9]. Two doses and two routes of administration were compared, with the primary objectives
being safety and feasibility. Three injections at doses between 1 and 5 x 10% DCs were
administered either intravenously or intradermally at monthly intervals. The most common
adverse events observed included grade 1/2 fever and pain. Although not a primary
objective, patient survival was assessed 5 years after completion of the study. The median
survival of 18 months for 11 of the 12 patients was within the anticipated range of 12.2 —
21.7 months. One patient remained alive after 5 years, but it cannot be determined whether
this outcome was solely due to vaccine administration. Future randomized trials will be
required to further evaluate the clinical efficacy of this vaccine strategy.

PROSTVAC [sub-header]

Despite positive results of personalized vaccines for prostate cancer requiring ex vivo
processing, including sipuleucel-T, feasibility remains a challenge in clinical practice.
Comparatively, in vivo vaccines are logistically simple but promising results from early-
phase trials need to be validated [7]. PROSTVAC is a poxviral-based peptide vaccine
encoding the PSA gene as the target antigen with three costimulatory molecules (B7.1,
ICAM-1, and LFA-3). The prime-boost regimen consists of subcutaneous administrations of
a primer vaccine (modified vaccinia vector) on day 1 followed by 6 booster vaccines
(modified fowlpox vector) on days 14, 28, 56, 84, 112 and 140. A phase 2 double-blind,
randomized clinical trial with 125 mCRPC patients has shown a significant improvement in
median OS by 8.5 months in the PROSTVAC treatment arm compared with placebo
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(P=0.0061) [7]. Another study [26] evaluated the immune impact of PROSTVAC in 104
patients comparing pre-vaccine and 4 weeks post-vaccine T cell responses. Of these patients,
57% (59/104) demonstrated an increase in PSA-specific T cells and 68% (19/28) mounted
an immune response to TAAs not present in the vaccine (antigen spreading). An additional
analysis has suggested an association between improved OS and a decrease in regulatory T
cell function [27]. A phase 3 trial to confirm immune responses and OS benefit has
completed accrual and results are awaited (PROSPECT; NCT03122490) [28]. The
PROSPECT trial included 1298 participants with asymptomatic or minimally symptomatic
mMCRPC randomized to one of three arms: PROSTVAC, PROSTVAC plus GM-CSF, or
placebo. The primary outcome is OS.

IMMUNE CHECKPOINT INHIBITORS [header]

Although the clinical benefit of immune checkpoint inhibitors in other solid tumors has been
established, PD-1/PD-L1 inhibitors and CTLA-4 inhibitors have yet to demonstrate a
survival benefit in prostate cancer [14]. CTLA-4 is an immunologic checkpoint involved
with the downregulation of T cell function. This downregulation occurs, in part, when
CTLA-4 prevents the autoregulatory interaction of CD28 (on a T cell) with its ligand, B7
(on a DC) [29, 30] which diminishes T-cell activity within 48 hours after stimulation via an
antigen presenting cell. Ipilimumab is a monoclonal antibody that blocks CTLA-4, allowing
for enhanced T cell activity and is currently FDA-approved for the treatment of melanoma.
Unlike therapeutic cancer vaccines, immune checkpoint inhibitors do not provide the
immune system with a specific target tumor antigen.

Kwon and colleagues conducted a double-blind phase 3 trial including 799 men with
mCRPC following progression on docetaxel [14]. All patients received radiotherapy (low
dose to metastatic disease as an immune adjuvant) and were randomized in a 1:1 ratio to
ipilimumab or placebo. No statistically significant difference in median OS was observed
between the ipilimumab and placebo arms (11.2 vs. 10.0 months; P=0.053). Although the
primary endpoint was not met, a subgroup analysis in patients with good prognostic factors
demonstrated an OS benefit. Additional trials are needed to confirm these results. A
concurrent study in chemotherapy-naive, mCRPC (without radiation) did not meet its
primary endpoint, however full results have not yet been made public (NCT01057810).

Success with combination immunotherapy, such as ipilimumab and nivolumab in metastatic
melanoma [31], have provided evidence to support the hypothesis that combination
immunotherapy may be more effective than single agents alone. Ongoing studies will
evaluate a potential synergistic effect between checkpoint inhibitors and other agents which
may lead to improved outcomes. In the neoadjuvant sipuleucel-T study described above by
Fong and colleagues [21], the majority of infiltrating T cells at the tumor interface following
sipuleucel-T were PD-1* which may provide rationale to sequence vaccine administration
followed by an anti-PD-1 monoclonal antibody or another agent that can augment T cell
immunity. Furthermore, Bishop and colleagues [32] have demonstrated that patients
progressing on enzalutamide had significantly increased PD-L1/2* DCs compared to
patients naive to enzalutamide or responding to treatment. Because PD-1 expression is
thought to correlate with response to PD-1 inhibitors [33], understanding the PD-1

Curr Opin Oncol. Author manuscript; available in PMC 2021 July 13.


https://clinicaltrials.gov/ct2/show/NCT03122490
https://clinicaltrials.gov/ct2/show/NCT01057810

1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Cordes et al.

Page 5

alterations induced by established prostate cancer therapies will be vital in determining
optimal treatment sequencing.

COMBINATION APPROACHES [header]

Immunotherapies in prostate cancer such as sipuleucel-T and PROSTVAC have
demonstrated benefits in OS but have not shown a significant improvement in progression
free survival (PFS) [7, 8]. These agents may not significantly reduce tumor burden but
provide a continuous anti-tumor effect over a period of time, potentially resulting in a slower
tumor growth rate [34, 35]. Therefore, combining an immunotherapy with an anti-androgen
or cytotoxic modality may be a logical approach [36]. Such a strategy could benefit from
short term tumor reduction (anti-androgens or cytotoxic agents) and may slow tumor
growth/progression (via immunologic impact) over the long term [37]. Additionally,
understanding immune-related changes to the tumor microenvironment and the potential
synergy among agents will provide the framework to combine immunotherapy with
hormonal agents or chemotherapy. [Table 2]

Androgen deprivation therapy (ADT) and immunotherapy [sub-header]—The
ability for androgen ablative therapy to induce T cell infiltration of prostate tissue was
demonstrated in a study by Mercader and colleagues [38]. Patients in this trial received no
treatment or treatment with flutamide (250 mg three times daily) with leuprolide acetate (7.5
mg intramuscular depot) for 7, 14, 21, or 28 days before RP. Analysis of RP tissue for all
treatment durations (7-28 days) demonstrated T cell infiltration into both the normal
prostate tissue and tumor sites that were comprised predominantly of CD4+ T cells. Further
evidence to support ADT in conjunction with immunotherapeutic agents is provided by data
demonstrating an increase in naive T-cell production by the thymus after testosterone
suppression therapy is initiated [39]. The STAND trial [40, 41] looked to capitalize on this
biologic phenomenon by evaluating the optimal sequencing of sipuleucel-T and ADT in
biochemically recurrent prostate cancer (rising PSA with no metastatic disease on
conventional imaging) after local therapy failure. Patients (n=68) in this randomized phase Il
trial were assigned to either sipuleucel-T then ADT (2 weeks post infusion 3) or ADT (3
month lead-in) then sipuleucel-T. A greater PA2024-specific T cell proliferation was seen in
the sipuleucel-T followed by ADT arm (p <0.001) perhaps establishing the optimal sequence
of ADT and immunotherapy for future trials.

Enzalutamide and immunotherapy [sub-header]—Enzalutamide is a modern anti-
androgen therapy that is very well tolerated and has demonstrated the ability to extend
survival in mCRPC [42, 43]. Preliminary murine data has suggested that enzalutamide can
also enhance thymic production of naive T cells [44]. These studies by Ardiani and
colleagues also characterized the immunologic effects of enzalutamide and vaccine in mice
models. C57BL/6 or transgenic adenocarcinoma of the mouse prostate (TRAMP) mice were
exposed to enzalutamide with or without a therapeutic vaccine. This study demonstrated the
immunogenic modulation property of enzalutamide and improved OS in mice treated with
combination enzalutamide and vaccine compared to no treatment, vaccine alone, or
enzalutamide alone (P<0.0001, P=0.0003, P=0.0009, respectively). Immunogenic
modulation describes the cascade of events that occurs when conventional therapies alter the
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tumor phenotype rendering the tumor cells more susceptible to immune-mediated attack
[45]. Ardiani and colleagues provided further evidence of immunomodulatory properties of
both enzalutamide and abiraterone [46]. The results of this study showed that LNCaP cells
were rendered more sensitive to T cell killing by enzalutamide and this immunogenic
modulation was mediated via an androgen receptor dependent modulation of the apoptotic
pathway. Importantly, this study also provided evidence that despite treatment-associated
reduction in PSA levels, enzalutamide still improved the sensitivity of tumor cells to PSA-
specific T cell killing. Another trial [47] included 34 patients with biochemically recurrent
prostate cancer who were randomized to receive enzalutamide with or without a therapeutic
vaccine. Preliminary immune analysis of patients treated with enzalutamide alone (n=12)
indicated increased naive T cells and natural killer cells. The impact of combination therapy
(enzalutamide plus vaccine) has yet to be reported. Results of these studies provide rationale
for combining enzalutamide and immunotherapy across multiple tumor types with
enzalutamide effectively serving as an immune adjuvant.

The STRIDE trial (NCT01981122) is an ongoing, randomized, open-label phase Il study
evaluating peripheral T cell proliferation response in patients receiving enzalutamide starting
2 weeks before (concurrent) or 10 weeks after (sequential) sipuleucel-T initiation [48, 49].
The primary objective is peripheral T cell proliferation response to PA2024, the sipuleucel-T
immunizing antigen. Cytokines including IFN-y, interleukin-2, and TNF-a were also
evaluated in both arms. In 52 patients with asymptomatic or minimally symptomatic
MCRPC, PA2024-specific T cell proliferative response was similar between the two groups.
The concurrent or sequential administration schedule of enzalutamide with sipuleucel-T
therefore does not appear to impair sipuleucel-T immune response or bring to light
additional safety concerns. Longer follow-up is required to evaluate the clinical impact of
this combination. Similarly, an ongoing study at the National Cancer Institute is evaluating
enzalutamide with or without PROSTVAC in mCRPC (NCT01867333) with the primary
endpoint being time to progression.

Abiraterone plus prednisone and immunotherapy [sub-header]—As mentioned
above, preclinical evidence suggests the occurrence of abiraterone-mediated immunogenic
modulation [46]. However, uncertainty surrounds the coadministration of prednisone-
containing treatment regimens with immunotherapeutic agents due to the potential
immunosuppressive effects of corticosteroids. Small and colleagues [50] conducted a phase
2 clinical trial evaluating sipuleucel-T with concurrent versus sequential abiraterone plus
prednisone (employing the standard abiraterone treatment regimen). This open-label study
randomized 69 patients with mCRPC to receive sipuleucel-T followed by abiraterone plus
prednisone 1 day (concurrent) or 10 weeks (sequential) after the first sipuleucel-T infusion.
No statistically significant differences in peripheral immune responses were observed
between the concurrent arm compared to the sequential arm. These results suggest that the
administration sequence of abiraterone plus prednisone with sipuleucel-T does not
significantly alter the immune responses of sipuleucel-T or the ability to make activated
APC cells (CD54). Perhaps more importantly, this data provides support that prednisone at
doses up to 5 mg twice daily may be administered concurrently with sipuleucel-T without
limiting the ability of the immune system to mount an immune response as measured in this
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study. Reported adverse effects in this trial were similar between the two arms and no new
safety concerns were observed with the combination.

Docetaxel and immunotherapy [sub-header]—Preclinical evidence suggests that
certain cytotoxic chemotherapy can be synergistic with immunotherapy through sensitizing
prostate tumors to cytotoxic T cell killing [51, 52]. In these murine tumor model studies, the
use of vaccines in combination with docetaxel or paclitaxel demonstrated an enhanced
antitumor effect when used in combination. Garnett and colleagues [53] examined the /n
vivo effects of docetaxel on immune-cell subsets in response to antigen-specific vaccination.
Results of this study showed that docetaxel in combination with a recombinant viral vaccine
is superior to either agent alone at reducing tumor burden in tumor-bearing mice.
Additionally, docetaxel in conjunction with vaccine demonstrated an increased antigen-
specific T cell response to the vaccine antigen and additional antigens not primarily targeted
by the vaccine (antigen spreading). Although pre-clinical data helps formulate the
hypothesis of a synergistic effect between immunotherapy and chemotherapy, additional
clinical trials are needed. Furthermore, dose and sequence may be key factors in determining
whether a chemotherapy agent augments or suppresses the immune response of a
concurrently administered immunotherapy agent. The results of an ongoing study may
provide further guidance regarding the sequencing of chemotherapy and immunotherapy. In
this phase 2 trial, (NCT02649855) patients with mCSPC are randomized to receive ADT
followed by simultaneous treatment (docetaxel plus PROSTVAC) or sequential treatment
(docetaxel then PROSTVAC). The primary objective is to determine which sequence induces
the greatest breadth of immune response (as measured by antigen spreading).

IDEAL IMMUNOTHERAPY CANDIDATES [header]

The only FDA-approved immunotherapy in prostate cancer, sipuleucel-T, has demonstrated
improved OS in asymptomatic or minimally symptomatic mCRPC [8]. Because the activity
of sipuleucel-T and other immunotherapies rely on the activation of the immune system,
clinicians must be selective when recommending immunotherapy for patients. Evidence
suggests that patients with better baseline prognostic factors, such as lower PSA values and
less aggressive disease, may derive the most benefit from immunotherapy [14, 54-56]. An
exploratory analysis of the IMPACT trial suggested patients with better prognostic factors at
baseline, particularly a low PSA value, experience the greatest benefit of sipuleucel-T
therapy [55]. Additionally, as mentioned above, Kwon and colleagues [14] evaluated the
efficacy of ipilimumab versus placebo after radiotherapy in patients with mCRPC. Although
the primary endpoint was not met, a post-hoc subgroup analysis based on prognostic factors
revealed a statistically significant OS benefit in patients with good prognostic features
(p=0.0038) and no significant response in the group with poor prognostic features
(p=0.8456). Although this analysis needs to be validated, there is growing evidence to
support optimal outcomes for patients with minimal metastatic disease. It is still unknown
whether patients with non-metastatic disease will derive even further benefit. Also unknown
is whether combining cytotoxic chemotherapy with immunotherapy in patients with poor
prognostic factors will overcome this perceived lack of benefit from immunotherapy alone.
Nonetheless, these data suggesting better immunotherapy responses in patients with indolent
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disease features may help inform clinicians which patients would most likely benefit from
such treatments.

FUTURE STRATEGIES [header]

Future strategies may employ different targets or combinations than have been used in the
past. It is reported that approximately 42—-70% of prostate cancers overexpress HER2/neu as
tested by immunohistochemistry [57, 58]. Overexpression of HER2 in prostate cancer has
been associated with higher relapse rates [57] and shorter time to recurrence [59]. Thus far,
efforts to target HER2 in mCRPC have failed to demonstrate benefit [60, 61]. An alternate
approach to the anti-HER2 monoclonal antibody, trastuzumab, is anti-CD3 activated T cells
(ATC) redirected by anti-HER?2 bispecific antibodies (HER2BI) [15]. HER2Bi-armed ATC
was investigated in a phase 1 dose escalation trial that included a cohort of 8 MCRPC
patients. HER2 staining was not performed and patients were eligible regardless of HER2
expression status. PBMCs were collected via leukapheresis, activated with anti-CD3
monoclonal antibody and armed with HER2Bi. HER2Bi-armed ATC (aATC) was
administered twice weekly for four consecutive weeks. All patients received subcutaneous
IL-2 (300,000 1U/m? daily) and GM-CSF (250 mcg/m? twice weekly) beginning 3 days
before and ending 1 week after the aATC infusion. The most common reported grade 3
toxicity was chills. Among the 7 evaluable patients with prostate cancer, two minor and one
partial response was reported in the highest dose levels, 40 and 80 billion aATC. Although
this trial included a small sample size and multiple confounders, the results are intriguing
and warrant further investigation.

Another strategy that will likely be explored in the future is the use of multiple immunologic
platforms together to improve clinical outcomes. As has been previously discussed, such
strategies are designed to take advantage of immunologic synergies seen in other
immunotherapy trials in the past, including vaccine/checkpoint inhibitor studies in prostate
cancer [62, 63]. A phase I trial (NCT02616185) will evaluate the safety and preliminary
evidence of clinical efficacy of an immunotherapy combination consisting of an adenovirus-
based vaccine, a DNA-based vaccine, locally injected anti-CTLA-4 and low-dose sunitinib
(deployed as a means to suppress regulatory T-cells). While the ultimate clinical results are
unknown, studies like this demonstrate how immunologic understanding has grown in recent
years. As opposed to monotherapy in late stage patients where immunotherapy must
overcome significant biological hurdles to achieve success, immunologic synergy will be
evaluated in early stage disease to determine if such approaches can improve clinical
outcomes.

CONCLUSION

Immunotherapy has moved from a niche focus within the pharmaceutical industry and
academic circles to center-stage, however, at this time the focus is primarily on one type of
actor, immune checkpoint inhibitors. In reviewing the development of immunotherapy in
prostate cancer we are reminded that this is the rare tumor type where vaccines and not
checkpoint inhibitors have shown the most clinical activity, including sipuleucel-T which is
the one FDA-approved immunotherapy for this disease. With other vaccines in phase 111
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testing, there could soon be multiple vaccines approved for the treatment of prostate cancer,
potentially allowing for increasing use of sequential and combination immunotherapies in
the future. Future development strategies may also include rationally developed
immunologic platforms, including vaccines, checkpoint inhibitors and other immune
modulators. The lack of toxicity associated with many of these immunotherapies, especially
vaccines, raises the hope that patients could initiate such treatments early in the course of
their disease (including perhaps in the adjuvant setting) and enjoy a lasting and sustained
therapeutic response, and thus substantially delaying more toxic treatments. As the
appreciation of the immune system and the understanding of immunotherapies continue to
progress, future ambitious clinical trials will be designed to evaluate the true potential of
immunomodulation to meaningfully alter and extend the lives of men with prostate cancer.
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Key Points

. Following the FDA approval of sipuleucel-T in 2010, promising phase 2
results with PROSTVAC and DCVAC/PCa have paved the way for therapeutic
cancer vaccines as an attractive treatment strategy for prostate cancer.

. Clinical trials are ongoing to determine how and when to integrate
immunotherapy into current treatment strategies.

. Immunotherapy combined with cytotoxic chemotherapy or with other
immunotherapy agents holds promise of a synergistic effect.

. Results of recent studies suggest ideal immunotherapy candidates have
asymptomatic or minimally symptomatic disease but certain aspects of patient
selection remain unclear.

Purpose of Review

. In recent clinical trials, immunotherapeutic agents have demonstrated
promising results for the treatment of prostate cancer. This review discusses
emerging immunotherapies for prostate cancer and their evolving role in
sequencing and combination therapy.

Recent Findings

. Therapeutic vaccines including PROSTVAC and DCVAC/PCa have
completed promising phase 2 trials for the treatment of prostate cancer and
phase 3 trials are underway. Recent evidence supports a synergistic
relationship between immunotherapy agents themselves, anti-androgens and
with cytotoxic chemotherapy. Prostate cancer patients with good prognostic
factors, such as minimal disease burden, appear to achieve the optimal benefit
from immunotherapy.

Summary

. Therapeutic cancer vaccines and immunomodulating agents have
demonstrated activity in the treatment of prostate cancer. Immunotherapies
may alter the prostate tumor microenvironment and ongoing studies aim to
provide guidance on effective sequencing and combination strategies.
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Class Agent Description Key References
Therapeutic Vaccines | AdV-tk Adenoviral vector containing the Herpes virus thymidine- Rojas-Martinez et al. [2]
kinase gene
DCVAC/PCa Autologous DCs pulsed with killed PSA-positive LNCaP cells | Podrazil et al. [4]
PROSTVAC Poxviral-based peptide vaccine encoding the PSA gene + 3 T- | Kantoff et al. [7]
cell costimulatory molecules (B7.1, ICAM-1 and LFA-3)
Sipuleucel-T Autologous PBMCs activated ex vivo with PA2024 (PAP + Kantoff et al. [8]

GM-CSF)

BDCA-1BDC-01

Autologous CD1c (BDCA-1*) blood derived DCs loaded with
HLA-A*0201-restricted peptides

Prue et al. [9]

pTVG-HP

Plasmid DNA vaccine encoding PAP cDNA

McNeel et al. [10]

CV9103 (RNActive)

Self-adjuvanted mRNA vaccine targeting 4 antigens: PSA,
PSMA, PSCA and STEAP1

Kubler et al. [11]

PPV
(personalized peptide
vaccine)

Personalized vaccine made with up to 4 peptides (such as
PSA, PAP, PSMA and MDRP)based on a patient’s unique
immunoreactivity profile

Noguchi et al. [12]

GVAX-PCa Vaccine comprised of cells from the LNCaP and PC3 cell Higano et al. [13]
lines and genetically modified to secrete GM-CSF
Checkpoint Ipilimumab Fully human monoclonal antibody against CTLA-4 Kwon et al. [14]
Inhibitors
Misc. Immuno- HER2BIi-aATC Anti-CD3 ATC armed with anti-HER2 bispecific antibodies Vaishampayan et al.
modulating agents (HER2BI) [15]
Lenalidomide Immunomodulatory and anti-angiogenic properties Petrylak et al. [16]
Tasquinimod Immunomodulatory and anti-angiogenic properties Armstrong et al. [17]

*
PSMA= prostate-specific membrane antigen, PSCA=prostate stem cell antigen, STEAP1=six-transmembrane epithelial antigen of the prostate 1
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tremelimumab, sunitinib

Intervention Intervention Population Phase | Study Identifier
Vaccine PROSTVAC Localized PC 1 NCT02326805
(active surveillance)
PROSTVAC Localized PC 1] NCT02153918
(neoadjuvant)
PROSTVAC mCRPC 1 NCT01322490
pTVG-HP +/- GM-CSF BRPC I NCT01341652
Vaccine + Hormonal Therapy | Enzalutamide +/-~ PROSTVAC mCRPC I NCT01867333
Ipilimumab + degarelix mCSPC I NCT02020070
Ipilimumab + ADT mCSPC I NCT01377389
DC1 vaccine + ADT BRPC I NCT00970203
Vaccine + Radiation AdV-tk + valacyclovir Localized PC 1 NCT01436968
Sipuleucel-T +/- radiation mCRPC I NCT01807065
Sipuleucel + radiation mCRPC I NCT02232230
Sipuleucel-T + SABR mCRPC I NCT01818986
Sipuleucel-T +/- radium-223 mCRPC I NCT02463799
Vaccine + Chemotherapy DCVAC/PCa + docetaxel/prednisone mCRPC 1 NCT02111577
PROSTVAC + docetaxel mCSPC I NCT02649855
Combination Immunotherapy | Sipuleucel-T, CT-011 (anti-PD1), mCRPC I NCT01420965
cyclophosphamide
Sipuleucel-T + ipilimumab mCRPC 1] NCT01804465
Sipuleucel-T + CYT107. (Interleukin-7) mCRPC I NCT01881867
PROSTVAC +/- ipilimumab Localized PC 1] NCT02506114
(neoadjuvant)
pTVG-HP + pembrolizumab mCRPC Im NCT02499835
pTVG-HP + sipuleucel-T mCRPC I NCT01706458
Nivolumab + ipilimumab mCRPC I NCT02601014
Adenovirus (AdC68), plasmid DNA, BRPC, mCRPC | NCT02616185

*
PC=prostate cancer; BRPC=biochemically recurrent prostate cancer; mCSPC=metastatic castration-sensitive prostate cancer
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