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Abstract---Background: Prostate cancer (PCa) is the most commonly
diagnosed cancer among men in the U.S. and the second leading
cause of cancer-related deaths. Standard treatment options include
radical prostatectomy and radiation for localized PCa, while androgen
ablation therapy is used for recurrent or advanced stages. However,
almost all patients progress to metastatic castration-resistant prostate
cancer (mCRPC), with limited treatment options that offer only modest
survival improvements. Immunotherapy has shown promise in
addressing this challenge. Aim: This review aims to discuss the
current advancements in the early detection, diagnosis, and treatment
of PCa, with a focus on immunotherapy and ongoing clinical trials.
Methods: A comprehensive literature review was conducted to analyze
data from recent clinical trials, focusing on the efficacy of current
treatments such as vaccines, immune checkpoint inhibitors (ICIs),
cell-based therapies, and DNA-based immunotherapy approaches.
Various ongoing clinical trials in the field were also reviewed. Results:
Current FDA-approved treatments for mCRPC, such as docetaxel,
abiraterone, and Sipuleucel-T, have shown survival advantages of 2-4
months. Immunotherapeutic approaches, including Sipuleucel-T, have
demonstrated improved overall survival in clinical trials. Numerous
ongoing  trials are  investigating new = combinations of
immunotherapies, vaccines, and immune modulators to enhance
treatment efficacy. Conclusion: Advancements in immunotherapy
have provided new hope for patients with advanced PCa. However,
survival improvements remain modest, and further research is
necessary to refine therapeutic approaches, particularly through
combination treatments. Early detection and novel diagnostic methods
continue to play a critical role in improving patient outcomes.

Keywords---Prostate cancer, metastatic castration-resistant prostate
cancer, immunotherapy, early detection, clinical trials, vaccines,
immune checkpoint inhibitors.

Introduction

Prostate cancer (PCa) is recognized as the most frequently diagnosed cancer and
stands as the second leading cause of cancer-related mortality among men in the
United States (1). The primary treatments for patients with localized PCa typically
involve radical prostatectomy and/or radiation therapy, while patients with
recurrent or advanced-stage PCa primarily receive androgen ablation therapy (2),
potentially supplemented by intensified treatment methods. Despite achieving
initial effective responses through androgen suppression therapy (AST), nearly all
patients eventually transition to metastatic castration-resistant prostate cancer
(mCRPC) (3). The FDA has approved several treatments for mCRPC, including
docetaxel, abiraterone, enzalutamide, cabazitaxel, and Sipuleucel-T (Sip-T) (4-9),
yet these therapies offer only a modest survival advantage of 2-4 months on
average. The median overall survival (OS) for patients with mCRPC varies between
13 and 32 months, with a 5-year survival rate of only 15% (10, 11). Thus, there is
a critical need to investigate new therapeutic strategies for mCRPC.
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Significant progress has been made in the realm of immunotherapy over the past
decade. In 2010, the FDA authorized the first dendritic cell-based vaccine, Sip-T,
for non-symptomatic metastatic prostate cancer (9). This was followed by the
approval of the immune checkpoint CTLA-4 inhibitor ipilimumab for metastatic
melanoma in 2011 (12). Subsequently, PD-1/PD-L1 immune checkpoint
inhibitors were authorized, beginning in 2014, for multiple cancer types,
including lung cancer, kidney cancer, urothelial cancer, Hodgkin’s disease, and
breast cancer (13), as well as for solid tumors characterized by microsatellite
instability and deficient mismatch repair (14). Aside from Sip-T, no other
immunotherapeutic options have been sanctioned for PCa; however, numerous
clinical trials are currently underway to evaluate the immune and clinical efficacy
of various immunotherapies. This review will address the progress made in
preclinical trials, the methodologies employed in this research, and the findings
from recent clinical studies.

Ongoing Clinical Trials:

Numerous clinical trials, both completed and ongoing, are exploring a variety of
immunotherapeutic strategies for mCRPC patients. These strategies include
vaccines, immune checkpoint inhibitors (ICI), immunomodulators, adoptive cell
transfer (ACT), oncolytic virus-mediated immune responses, and combinatorial
approaches involving radiation and chemotherapy. As of May 1, 2019, over 1,100
active (or recruiting) clinical trials for PCa have been identified, with 63% focusing
on therapeutic interventions and 12% specifically targeting immunotherapy.

Diagnosis of Prostate Cancer

Prostate cancer diagnosis typically begins with an assessment of risk factors and
symptoms, alongside a thorough medical history and physical examination. The
most common initial screening method is the prostate-specific antigen (PSA) test,
which measures the level of PSA in the blood. Elevated PSA levels can indicate the
presence of prostate cancer, but they may also result from benign conditions,
such as benign prostatic hyperplasia (BPH) or prostatitis. Consequently, a
comprehensive evaluation is necessary to interpret PSA results accurately, often
involving a discussion of family history, age, and any urinary symptoms
experienced by the patient. If PSA levels are elevated or if abnormalities are
detected during a digital rectal examination (DRE), further diagnostic steps are
warranted. These may include imaging studies such as transrectal ultrasound
(TRUS), which helps visualize the prostate and guide biopsies. Magnetic
resonance imaging (MRI) has also become increasingly important in the diagnosis
and staging of prostate cancer, providing detailed images that can help assess the
extent of the disease and identify suspicious lesions. In cases where imaging
suggests the possibility of malignancy, a prostate biopsy is performed, typically
using a TRUS-guided approach. During this procedure, small tissue samples are
extracted from the prostate for histological examination, allowing for the
confirmation of cancer diagnosis and the determination of its grade and stage.

Pathological evaluation of biopsy specimens is crucial for diagnosing prostate
cancer and understanding its aggressiveness. The Gleason grading system, which
scores the cancer based on the architectural patterns of prostate cells, is widely
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used to predict the tumor's behavior. A higher Gleason score correlates with a
more aggressive cancer and a worse prognosis. Additionally, advanced diagnostic
techniques such as genomic testing can be employed to assess the molecular
characteristics of the tumor, providing insights into its potential responsiveness
to specific treatments and aiding in risk stratification. In summary, the diagnosis
of prostate cancer is a multifaceted process that integrates clinical evaluation,
laboratory tests, imaging modalities, and histopathological analysis. Early and
accurate diagnosis is essential for determining the appropriate treatment strategy
and improving patient outcomes, highlighting the importance of ongoing research
into novel diagnostic approaches and biomarkers for prostate cancer.

Vaccine-Based Therapies
DNA-Based Vaccines:

DNA vaccines generate an immune response by being taken up, transcribed, and
translated by host cells, which then produce foreign antigens recognized by the
immune system. These vaccines can be tailored to leverage tumor-associated
antigens (TAAs), leading to a significant activation and proliferation of T cells
specific to the tumor antigens (15-18). This approach is currently being
researched in the context of prostate cancer (PCa), which presents several TAAs,
including prostate-specific antigen (PSA), prostate-specific membrane antigen
(PSMA), prostatic acid phosphatase (PAP), prostate stem cell antigen (PSCA),
prostein, T cell receptor gamma alternate reading frame protein (TARP), Trp-p8,
Six-transmembrane epithelial antigen of the prostate 1 (STEAP1), and NY-ESO-1
(19, 20). Among the most thoroughly investigated DNA vaccines for prostate
cancer is one that encodes PAP along with granulocyte-macrophage colony-
stimulating factor (GM-CSF) (pTVG-HP), which has been assessed in a phase I
trial involving men with biochemically recurrent PCa. In this study, patients
received six treatments of pTVG-HP and GM-CSF every two weeks. Findings from
the trial indicated that the vaccine was well tolerated, with 9 of 22 patients
developing specific CD4+ and/or CD8+ immune responses to PAP. Additionally,
the PSA doubling time improved from 6.5 months before treatment to 9.3 months
one year post-treatment (21). A follow-up analysis of peripheral blood
mononuclear cells (PBMCs) from this cohort revealed that multiple vaccinations
were essential for strong immune responses, as most PAP-specific T cells were not
detectable until after completing the six-vaccination regimen (22). Currently,
pPTVG-HP is being studied in phase II clinical trials in combination with
Sipuleucel-T (Sip-T) (NCT01706458) and nivolumab (NCT03600350).

Neoantigen DNA vaccinations are being explored as a personalized treatment
strategy to activate T cells against tumor cells presenting neoantigens. These
vaccines are created by identifying tumor-specific antigens through whole exome
sequencing of both tumor and germline DNA (23). Although neoantigen DNA
vaccinations are still in early development stages, dendritic cell (24) and peptide-
based (25, 26) neoantigen vaccines have shown promise in eliciting T cell
responses in preliminary clinical trials for melanoma, primary glioblastoma, and
lung cancer, suggesting their potential efficacy in PCa. An intensive phase I trial
combining neoantigen DNA vaccination with nivolumab, ipilimumab, and
PROSTVAC is underway for patients with metastatic hormone-sensitive prostate
cancer (NCT03532217).
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Cell-Based Vaccines:

Cell-based vaccination typically involves using autologous or allogeneic whole
cells, which may include antigen-presenting cells (APCs) and prostate cancer cells
modified to express TAAs and/or GM-CSF, promoting anti-tumor immune
responses (27). GVAX, a cell-based vaccine under investigation, consists of
allogenic prostate cancer cell lines (LNCaP and PC3) that are engineered to
overexpress GM-CSF, thereby activating dendritic cells (DCs) and subsequently T
cells to generate strong anti-tumor responses. In an initial phase [/II trial,
patients receiving a low dose (100 million cell booster) exhibited a median survival
of 24 months, while those in the high-dose cohort (300 million cell booster) had a
survival of 36.9 months, compared to the predicted survival of 19.5 months (27).
However, two subsequent phase III trials (VITAL-1 and VITAL-2) failed to
demonstrate improved outcomes, leading to their early termination due to lack of
clinical efficacy (28, 29). Another phase I trial involved resected patient tumors
that underwent retroviral transduction to express GM-CSF, leading to the
activation of novel T and B cell responses against prostate cancer antigens (30).
While GM-CSF cellular vaccinations are not currently being tested in clinical
settings for prostate cancer, its potential use in other vaccine modalities for
prostate cancer remains under preclinical evaluation, such as in combination
with norcantharidin (31).

Sip-T, an autologous dendritic cell vaccine produced by ex vivo priming of patient
dendritic cells with PA2024 (a fusion protein combining PAP and GM-CSF),
became the first FDA-approved therapeutic cancer vaccine in 2010. Three
multicenter phase III trials evaluated its efficacy in asymptomatic or minimally
symptomatic patients with metastatic castration-resistant prostate cancer
(mCRPC). The initial trials indicated no difference in time to tumor progression
(TTP), yet revealed a statistically significant overall survival (OS) advantage for
patients treated with Sip-T [25.9 vs. 21.4 months (P = 0.01, HR, 1.7), and 19.0 vs.
15.7 months (P = 0.3, HR, 1.27)] (34, 35). The third phase III trial (IMPACT)
randomized 512 patients in a 2:1 ratio to receive Sip-T or placebo, with results
mirroring those of the earlier trials, where patients treated with Sip-T achieved a
median OS benefit of 4.1 months compared to placebo [25.8 vs. 21.7 months (P =
0.02, HR, 0.77)], though there was no significant difference in TTP (14.6 vs. 14.4
weeks) (9). Safety assessments indicated that the treatment was generally well
tolerated, with no severe adverse events reported (36). Despite its demonstrated
efficacy and safety, Sip-T has faced challenges in widespread acceptance primarily
due to its high cost relative to the observed benefits (37). Ongoing investigations
are exploring combination therapies to enhance the efficacy of Sip-T, including
treatments with Atezolizumab (Anti-PD-L1) (NCT03024216), Ipilimumab (Anti-
CTLA-4) (NCT01804465), radiation (NCT02463799, NCT01818986,
NCT01807065), and chemotherapy (NCT01420965).

Chimeric antigen receptor (CAR) T cells are engineered ex vivo to express a T cell
receptor (TCR) signaling domain fused with antibody variable regions, enabling
them to recognize tumor surface antigens in an MHC-independent manner (38).
CAR T cells targeting CD19 have demonstrated complete responses in B-cell
hematologic malignancies (39), suggesting that CAR T cell therapy may also be a
promising approach for solid tumors. A preclinical study employing a CAR
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containing 4-1BB showed potent anti-tumor activity in a LAPC-9 xenograft model
(40). Current clinical trials are assessing CAR T cells targeting EpCAM
(NCT03013712), PSCA (NCT02744287), PSMA (NCT01140373, NCT03089203),
and NY-ESO-1 (NCT03159585).

Peptide-Based Vaccines

Personalized peptide vaccines (PPV) involve the immunization with tumor-specific
peptides designed to induce an immune response by activating cytotoxic T
lymphocytes (CTL), which subsequently trigger anti-tumor reactions. Typically,
the process for identifying peptides for vaccination involves screening pre-
vaccination patient peptides to evaluate their potential for stimulating CTL or
humoral responses in vitro [41]. Several targets have been identified for HLA-A24+
prostate cancer (PCa) patients, including prostatic acid phosphatase (PAP) [42],
prostate-specific antigen (PSA) [43], and prostate-specific membrane antigen
(PSMA) [44]. A randomized phase II study evaluated the combination of PPV and
estramustine phosphate (EMP) versus EMP alone, revealing an improved
progression-free survival (PFS) of 8.5 months for the combination therapy
compared to 2.8 months with EMP alone. The combination therapy was deemed
tolerable and safe, supporting its potential for future clinical trials [45]. Another
randomized phase II trial showed that patients with docetaxel-resistant
castration-resistant prostate cancer (CRPC) had improved overall survival (OS)
with PPV compared to those without PPV (17.8 months vs. 10.5 months) [46].
Based on these promising results, a phase III placebo-controlled trial is underway
to assess PPV in docetaxel-refractory metastatic CRPC (mCRPC) patients
(UMINOO0O011308). A phase I/Ila dose escalation trial with the peptide vaccine
UV1, containing a fragment from telomerase reverse transcriptase (WTERT), was
conducted in patients with metastatic hormone-naive prostate cancer. Results
indicated that a majority of patients responded to the therapy, with immune
responses detected in 18 of 21 patients, PSA levels declining in 14 of 21, and 10
of 21 patients exhibiting no tumor evidence on MRI [47]. This trial (NCT01784913)
is ongoing, though there are no current phase III trials for UV1 in PCa.

Viral Vector-Based Vaccines

Viral-based vaccines are an immunotherapeutic approach that utilizes
recombinant viral vectors encoding tumor-associated antigens (TAAs) to induce
specific immune responses by mimicking natural infection within host immune
cells [48]. PROSTVAC (TRICOM) is a poxvirus-based vaccine regimen that
includes recombinant vaccinia and fowlpox virus boosters engineered to encode
PSA and three co-stimulatory molecules: B7-1 (CD80), lymphocyte function-
associated antigen 3 (LFA-3) (CD58), and intercellular adhesion molecule-1
(ICAM-1) (CD54) [49]. In a phase II trial involving 125 patients with minimally
symptomatic mCRPC, PROSTVAC demonstrated a significant OS benefit
compared to placebo (25.1 vs. 16.6 months, P = 0.0061, HR, 0.56), though it did
not affect progression-free survival (PFS) [50]. Another phase II trial incorporating
PROSTVAC with GM-CSF in 32 men with mCRPC similarly showed an increased
median OS of 26.6 months, exceeding the predicted 17.4 months [51]. These
outcomes led to a randomized, placebo-controlled phase III trial, which found that
PROSTVAC, either alone or combined with GM-CSF, did not significantly impact
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OS or survival without events compared to placebo [52]. These findings suggest
that PROSTVAC monotherapy is ineffective, potentially due to an
immunosuppressive tumor environment. Ongoing research is investigating
combination therapies with PROSTVAC to enhance immune responses, including
trials with DNA vaccines (NCT03532217), immune checkpoint inhibitors (ICls)
(NCT02506114, NCT02933255), and chemotherapy (NCT02649855).

Adenovirus type 5 (AdS) is another vector used to target TAAs. A phase I trial
studying the immune responses to an Ad5-PSA vaccine in 32 patients with
hormone-refractory metastatic PCa found that 34% of patients produced anti-PSA
antibodies, 68% showed anti-PSA T cell responses, 48% experienced an increase
in PSA doubling time, and 55% survived longer than predicted [53]. An ongoing
phase II trial (NCT00583024) investigating adenovirus/PSA responses in men
with hormone-refractory PCa demonstrated that anti-PSA T cell responses were
present in 100% of patients with recurrent disease and 67% in those with
hormone-refractory disease [54]. A newly recruiting phase I trial aims to examine
the response of mCRPC patients to adenoviral vaccines targeting PSA (ETBX-071),
MUC1 (ETBX-061), and brachyury (ETBX-051) (NCT03481816). Additionally, an
active phase I trial is testing ETBX-051 and ETBX-061 alongside an adenoviral
CEA vaccine (ETBX-011) (NCT03384316).

Immune Checkpoint Inhibitors (ICIs)

Immune checkpoint inhibitors (ICIs) work by targeting regulatory molecules, such
as cytotoxic T-lymphocyte antigen-4 (CTLA-4), programmed cell death-1 (PD-1),
and programmed cell death ligand-1 (PD-L1), which are involved in suppressing
the immune response. By blocking these molecules, ICIs promote T-cell activation
and subsequent anti-tumor activity. Although ICIs have shown significant efficacy
across several malignancies, their impact on prostate cancer (PCa) has been
limited. Only tumors with high microsatellite instability (MSI) have received
approval for ICI treatment in PCa, and efforts are ongoing to improve their
efficacy, particularly through combination therapies.

CTLA-4 Blockade

Ipilimumab, an anti-CTLA-4 monoclonal antibody, is FDA-approved for melanoma
but has been evaluated in various PCa trials. A phase I/II trial combining
ipilimumab with radiotherapy showed tolerability and some clinical benefits, such
as PSA declines in 50% of patients and stable disease in others. However, in a
phase III trial, comparing ipilimumab with placebo in docetaxel-refractory PCa
patients after radiotherapy, no significant improvement in overall survival (OS)
was observed, although there was a slight progression-free survival (PFS) benefit.
Another phase III study confirmed no significant difference in OS, though some
PSA responses were seen (23% vs. 8%). As monotherapy results were modest,
ipilimumab is being investigated in combination therapies, such as with
radiation, PD-1 inhibitors like nivolumab, chemotherapy, and androgen
suppression therapy (AST).
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PD-1/PD-L1 Blockade

PD-1/PD-L1 inhibitors block the interaction between PD-1 on T-cells and PD-L1
on tumor cells, thereby reviving T-cell-mediated anti-tumor responses. In PCa,
PD-1 inhibitors like nivolumab and pembrolizumab have shown limited efficacy as
monotherapy. For instance, in a phase I trial of nivolumab in mCRPC patients, no
objective responses were reported. However, combination therapies have shown
promise, such as a phase II trial where pembrolizumab was administered to
patients resistant to enzalutamide, resulting in PSA declines and tumor size
reductions in some patients. Similarly, a phase Ib trial of pembrolizumab in PD-
L1-positive tumors demonstrated partial responses and stable disease.
Atezolizumab, an anti-PD-L1 antibody, was well-tolerated in mCRPC patients,
with promising survival outcomes. Current clinical trials are exploring
combinations of PD-1/PD-L1 inhibitors with PROSTVAC, chemotherapy, radium-
223, Sipuleucel-T, and CTLA-4 inhibitors.

B7-H3 Blockade

B7-H3 is a novel immune checkpoint target for immunotherapy. It is
overexpressed in PCa cells and inhibits T-cell function, contributing to immune
evasion. B7-H3 expression correlates with more aggressive PCa phenotypes,
including higher Gleason scores and mCRPC. Several monoclonal antibodies
targeting B7-H3 are in clinical development, with phase I and II trials currently
investigating their efficacy. These antibodies are being tested as monotherapy for
their potential to disrupt tumor-driven immune suppression.

Oncolytic Vaccines:

Oncolytic viruses represent a promising area in cancer immunotherapy,
specifically designed to target, replicate within, and kill cancer cells while sparing
normal cells. Though still in the early stages of prostate cancer (PCa), some viral-
based immunotherapies have advanced to clinical trials, offering insights into
their potential.

Ad5-yCD/mutTKSR39rep-hIL12: One such promising agent is AdS5-
yCD/mutTKSR39rep-hIL12, an oncolytic virus currently undergoing clinical
trials. This virus delivers two suicide genes—cytosine deaminase (CD) and herpes
simplex virus 1 thymidine kinase (HSV-1 TK)—to tumor cells. These genes convert
non-toxic prodrugs into lethal compounds within cancer cells. In a Phase I trial,
an improved version of this virus showed enhanced patient response when
combined with intensity-modulated radiotherapy. Patients with intermediate-risk
PCa demonstrated no detectable adenocarcinoma at 24 months, highlighting the
potential of AdS5-based therapies for PCa (75). Pelareorep (Reolysin): Pelareorep,
a reovirus that targets Ras signaling pathways, has been another oncolytic virus
tested in prostate cancer. In addition to direct oncolytic activity, pelareorep
enhances immune responses by increasing pro-inflammatory cytokines, CD8+ T
cells, and NK cell activity. Despite these effects, clinical trials testing pelareorep
with chemotherapy agents like docetaxel and prednisone did not show a
significant survival benefit in patients with metastatic castration-resistant
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prostate cancer (mCRPC) (82). Currently, no further trials for pelareorep in PCa
are ongoing, though trials in other cancer types are still being explored.

Combination Immunotherapies: Monotherapy using immunotherapeutics has
often resulted in modest clinical benefits. Thus, combination therapies are being
explored. Pairing vaccines with immune checkpoint inhibitors, androgen
suppression therapy (AST), and other treatment modalities may enhance
outcomes.

e Vaccines and Immune Checkpoint Inhibitors: Combining vaccines such
as GVAX or PROSTVAC with immune checkpoint inhibitors like
ipilimumab or pembrolizumab has shown increased anti-tumor T cell
responses and PSA declines in patients with mCRPC. For example, in a
phase I trial involving ipilimumab and PROSTVAC, 14 of 24 patients
experienced PSA reductions (49).

e AST and Immunotherapy: Androgen suppression therapy, a common
frontline treatment for mCRPC, has been shown to modulate the immune
environment. Trials combining AST with immunotherapies like Sipuleucel-
T and immune checkpoint inhibitors are underway, with early results
suggesting enhanced CD8+ T cell responses (86).

In summary, while oncolytic viruses and combination immunotherapies hold
significant promise in PCa treatment, ongoing research and clinical trials are
essential to optimize these strategies and maximize patient outcomes.

Conclusion

Prostate cancer remains a significant health challenge, particularly in its
advanced stages, where treatment options are limited, and survival rates remain
low. The transition to metastatic castration-resistant prostate cancer (mCRPC)
marks a critical point in disease progression, where traditional androgen ablation
therapies become less effective. Despite the availability of treatments such as
docetaxel, abiraterone, enzalutamide, and Sipuleucel-T, the overall survival
benefit for patients with mCRPC remains modest, highlighting the urgent need for
more effective therapeutic strategies. Immunotherapy has emerged as a promising
avenue for treating prostate cancer, particularly with the FDA approval of
Sipuleucel-T, the first therapeutic cancer vaccine. Although Sip-T has
demonstrated improved overall survival in clinical trials, challenges such as high
cost and limited widespread adoption have restricted its impact. Other
immunotherapeutic approaches, such as immune checkpoint inhibitors, DNA-
based vaccines, and chimeric antigen receptor (CAR) T cell therapies, are
currently under investigation and offer potential for future advancements in
prostate cancer treatment. Early-phase trials with DNA-based vaccines, including
pPTVG-HP, and cell-based vaccines like GVAX, have shown promise, although
larger studies are required to confirm their clinical efficacy. The combination of
immunotherapies with conventional treatments such as radiation and
chemotherapy is an area of ongoing research, with hopes of achieving synergistic
effects that could further extend patient survival. Additionally, personalized
treatment strategies, including neoantigen DNA vaccinations and CAR T cell
therapies targeting specific prostate cancer antigens, offer potential for highly
tailored and effective therapies. Early detection remains crucial for improving
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outcomes, and advancements in diagnostic techniques, such as genomic testing
and advanced imaging methods like MRI, have enhanced the ability to identify
prostate cancer at earlier stages and stratify risk more accurately. Continued
research into novel biomarkers and diagnostic tools will be essential for guiding
treatment decisions and improving long-term survival for patients. In conclusion,
while significant progress has been made in the treatment of advanced prostate
cancer, particularly through immunotherapy, further research and innovation are
required to develop more effective, accessible, and personalized therapies that
offer greater survival benefits.
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