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Abstract 
Prostate cancer (PCa) is a significant malignancy in men, contributing considerably to the 
rise in male mortality rates worldwide. Men diagnosed with PCa may have either localized 
or advanced stages of the disease. Globally, it ranks as the second most common and fifth 
most aggressive cancer type in males. The likelihood of developing prostate cancer in a 
man’s lifetime is approximately one in seven. Epidemiological research has linked various 
environmental and genetic factors to the abnormal growth of prostate cells, which leads to the 
formation of cancerous cells. Men experiencing a recurrence of prostate cancer or presenting 
with metastasis typically undergo androgen deprivation therapy (ADT), along with salvage 
radiotherapy and chemotherapy. While current treatment methods are more effective when 
used in combination, prostate cancer remains incurable. Research efforts are focused on 
exploring alternative treatments, including traditional medicine, nanotechnology applications, 
and gene therapy, to address drug resistance and mitigate the side effects associated with 
existing treatments. This article provides an overview the current treatment methods, and 
ongoing research into new treatment alternatives.
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Introduction

PCa is a significant global health issue, with over 1.4 million new 
diagnoses and around 375,000 deaths annually [1]. Managing the 
disease has a substantial effect on patients' quality of life. In many 
Western nations, PCa ranks as either the leading or second-leading 
cause of cancer-related deaths in men. The disease presents a 
considerable burden since many individuals live with the condition 
for an extended period, often exceeding 15 years. For patients 
with localized cancer, treatment stratification is becoming more 
critical and complex, especially with emerging therapies like focal 
treatment. Identifying which patients have cancers with a high 
likelihood of metastasis or fatality remains challenging. A review 
of unmet research priorities in PCa highlighted the urgent need for 
enhanced methods to differentiate between high-risk and low-risk 
prostate cancers [2]. The multifocal nature of most prostate cancers 
complicates both molecular research and clinical management. 
Typically, malignant regions in the prostate are considered 
separate foci if there is at least 2 mm of normal tissue between 
two cancerous areas [3]. Notably, approximately 75% of patients 
present with more than one malignant focus in the prostate [4]. The 
origin of this multifocality remains a topic of debate, with theories 
suggesting monoclonal [5], multiclonal [6], or mixed clonality 
origins [7]. Further, hypotheses on tumor development range 
from a genetic predisposition to a tumor-promoting environment. 
Genetic predisposition could be due to germline or early somatic 
mutations occurring before organ development, potentially 
creating a tumor-friendly environment similar to hereditary 
cancer syndromes, such as those with APC gene mutations who 
develop multiple colon polyps [8], or possibly mosaic inactivation 
of BRCA1 or BRCA2, akin to findings in other cancers (Figure 
1) [9]. Another theory is that the initial cancer focus triggers a 
tumor-promoting environment, possibly via an epigenetic field 
effect or field cancerization [10]. The slow-growing nature of most 
prostate tumors may also contribute to the formation of additional 
malignant foci over time [11]. Since the introduction of prostate-
specific antigen (PSA) testing in the 1990s, PCa is increasingly 
being detected at earlier stages. As a result, many of the tumors 
identified today are smaller compared to those diagnosed before 
the 1990s [12]. In recent years, significant advances in early 
detection methods, such as magnetic resonance imaging (MRI) 
[13] and ultrasound fusion biopsy [14], have emerged. Additionally, 
improvements in imaging technologies have led to organ-sparing 
treatments, such as ablation or focal therapy, which may enhance 
quality of life compared to whole-gland treatments like radical 
prostatectomy or radiation therapy [15].
    The pathogenesis of PCa involves a gradual and ongoing 
progression characterized by the development of small tumors that 
slowly transform into distinct clonal entities, each with varying 
clinical outcomes [16]. Research has indicated that chronic 
inflammation is commonly observed in the prostates of older men 
and is linked to a heightened risk of developing PCa [17]. However, 
the precise mechanisms behind chronic prostate inflammation and 
its clinical significance in the progression of PCa remain uncertain. 
In spite of this, clinical data indicates that persistent inflammation 
could be a risk factor for the advancement of the disease and poor 
clinical results [18].
    Innovative strategies are critical for advancing immunotherapies 
in prostate cancer (PCa). The success of Sipuleucel-T has shown 
that T-cell-based therapies can be clinically effective, opening the 
door to further progress in this field. One of the most promising 
new strategies is the use of bispecific T-cell engagers, particularly 
in treating non-inflamed tumors like PCa. These agents work 
by targeting cancer-specific epitopes, such as prostate-specific 
membrane antigen (PSMA), and linking them to a portion of 
the T-cell receptor. This redirection of T-cells to the tumor 

environment stimulates an immune response by activating T-cells 
and recruiting them to the tumor site. This review will explore 
immunotherapy strategies for PCa that have the potential to 
revolutionize the management of both localized and advanced 
disease stages [19].

Immunotherapy

Immunotherapy has played a limited role in treating PCa and 
has not significantly improved clinical feedback. Ongoing trials 
are exploring the use of immune checkpoint inhibitors (ICI) in 
specific patient subgroups. The Phase 3 KEYNOTE-641 trial is a 
double-blind, randomized, placebo-controlled study that compares 
the effectiveness of pembrolizumab and enzalutamide in treating 
patients with metastatic castration-resistant prostate cancer 
(mCRPC) who have not received prior treatment with biratterone 
or who have progressed after receiving biratterone but have not 
had chemotherapy [20]. Similarly, Pembrolizumab in combination 
with docetaxel and prednisone is being tested in KEYNOTE-921, 
a Phase 3 randomized, double-blind, placebo-controlled trial, 
in patients with metastatic colorectal cancer (mCRPC) who had 
previously received new hormonal therapies but no chemotherapy 
[21]. The study's primary objectives, which included increases 
in overall survival and radiographic progression-free survival 
(rPFS), were not met, according to an announcement made by 
the sponsor on August 3, 2022. The KEYNOTE-991 trial is also 
a Phase 3 study investigating Pembrolizumab in combination 
with Enzalutamide and ADT versus placebo combined with 
Enzalutamide and ADT for mCRPC patients who have not been 
treated with novel hormonal agents previously. The findings of 
these trials could change the way immunotherapy is used to treat 
PCa and are anticipated to be available in 2025–2026 [22]. A 
multicohort Phase Ib/II trial called KEYNOTE-365 is evaluating 
pembrolizumab in combination with three different treatments: 
enzalutamide (Cohort C), docetaxel and prednisone (Cohort B), 
and olaparib (Cohort A). According to preliminary data, the PSA 
response rates for Cohorts A, B, and C are 9%, 28%, and 22%, 
respectively. The study's final findings have not yet been released 
[23].

Immunotherapy resistance of prostate cancer 

Numerous clinical trials targeting immunotherapy for PCa 
have focused on metastatic disease, particularly regarding 
advancements in novel treatments for castration-resistant prostate 
cancer (CRPC). Patients with metastatic PCa often present with 
a dysfunctional and compromised immune system [24]. One 
important aspect impacting the strategy for using immunotherapy 
to eradicate tumors is the immunogenicity of cancer cells. Cancer 
cells normally do not express foreign antigens since they are 
part of the immune system and are incorporated into the body. 
However, they can display tumor self-antigens that may elicit 
an immune response. Tumor neoantigens arise from somatic 
mutations accumulated in proliferating cancer cells and are 
clinically correlated with the mutation burden [25]. The mutation 
load within tumors has been linked to immunotherapy outcomes; 
nevertheless, the immunogenicity of tumors is shaped by various 
factors regulated by the cancer cells themselves [26].
    Patients with metastatic PCa exhibit disrupted cellular immunity 
and a tumor microenvironment characterized by heightened 
immunosuppressive features. The compromised immune response 
in these patients is marked by reduced natural killer (NK) cell 
activity and renewal, as well as diminished expression of CD3 
on NK and T cells, potentially leading to a decrease in T cell 
receptors and NK cell-activating receptors [27]. Additionally, 
myeloid-derived suppressor cells and regulatory T cells are more 
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prevalent in the tumor microenvironment and bloodstream of 
patients with mCRPC [28], and they also often have fewer total T 
cells [29]. The delayed evolution of PCa may also be a contributing 
factor to immunotherapy resistance and tolerance [30]. De novo 
resistance to immunotherapy may also arise as a result of the low 
mutational burden seen in PCa patients (Figure 2) [31]. However, 
this perspective is still debated, as recent genomic analyses have 
suggested that PCa patients may actually exhibit a higher tumor 
mutation burden compared to those with renal cell carcinoma 
[32]. Additional research is needed to clarify the specific 
pathological mechanisms contributing to the resistance of PCa 
patients to immunotherapy, ultimately aiming to develop effective 
immunotherapeutic strategies for metastatic PCa.

Vaccine based treatments 

Most immunotherapy vaccines currently available for PCa are still 
considered experimental. Sipuleucel-T is the only FDA-approved 
vaccine specifically for this condition and is regarded as the most 
effective in clinical practice [33]. Autologous peripheral blood 

mononuclear cells containing antigen-presenting cells (APCs) 
activated by exposure to PA2024, a recombinant fusion protein 
combining prostatic acid phosphatase (PAP) and the costimulatory 
factor GM-CSF, make up the majority of this autologous active 
cellular immunotherapy vaccine. Patients with mCRPC saw 
a 22% decrease in the relative risk of death and an increase in 
overall survival (OS) of 4.1 months in a Phase III trial (IMPACT: 
NCT00065442). But the trial found very little antitumor response 
[34].
    DNA vaccines have primarily been studied in animal models as 
a potential cancer treatment. Their application in humans remains 
contentious due to the associated risks versus benefits [35]. 
These vaccines provide a novel approach compared to traditional 
anti-tumor vaccinations, offering advantages such as ease of 
administration and the absence of infectious agents. DNA vaccines 
for PCa are currently being studied in a number of Phase 1 clinical 
trials. One such experiment, NCT02411786 by Madison Vaccines 
Inc., targets androgen receptors using the pTVG-AR and MVI-118 
designs [36]. Furthermore, a Phase I/II trial involving patients with 
biochemically relapsed PCa has assessed Inovio Pharmaceuticals' 

Figure 1. Schematic overview of prostate cancer progression. The molecular mechanisms, genes, and signaling pathways that are significant 

at various stages of cancer serve as indicators of the stages of cancer initiation and progression. Prostate gland inflammation brought on by 

unchecked cell division is the initial indication of prostate cancer. Mutations brought on by damaged DNA are the source of this unrestrained 

cell division. Telomerase shortening at the end of the chromosome is the first step in the development of prostate cancer at the chromosomal level. 

Prostatic telomeres can be shortened by oxidative stress brought on by inflammation of the prostate gland. Studies on the Nkx3.1 homeobox 

gene have demonstrated how the gene affects the start phase of prostate cancer in mice. No one tumor suppressor gene has been implicated in the 

development or spread of prostate cancer. Nonetheless, a number of genes, including NKX3.1, MYC, PTEN, and TMPRSS2-ERG gene fusions, 

are linked to the development of prostate cancer. The primary molecular subtype of prostate cancer is caused by fusions between the TMPRSS2-

ERG genes. The disease develops as a result of the gene fusion's activation of the ERG oncogenic pathway. Prostate cancer metastasis is caused 

by the reactivation of cell division pathways, which leads to unchecked cell division and proliferation and ultimately cancer spread. According to 

the results of gene expression profiling, metastatic prostate cancer is associated with an overexpression of EZH2 mRNA and proteins. EZH2 is a 

unique target for prostate cancer because of its roles in apoptosis and proliferation.
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dual-antigen DNA vaccine INO-5150, which combines elements of 
PSMA and PSA [37].
    In order to elicit an immunological response in the body, the 
commercial vaccine PROSTVAC uses a recombinant strain of 
vaccinia in conjunction with transgenes, boosts from the fowlpox 
vector, and co-stimulatory molecules [38]. PSA-specific T-cell 
counts have increased in patients receiving PROSTVAC treatment 
[39]. PROSTVAC may be beneficial for patients with mCRPC, 
according to two Phase II studies. In one research, PROSTVAC 
or a placebo was randomly assigned to 125 mCRPC patients with 
a Gleason score of ≤7 [40]. Patients receiving the placebo had 
a median survival rate of 16.3 months, while those treated with 
PROSTVAC had a median survival rate of 24.4 months [41]. In an 
attempt to explore this theory further, a recent Phase III trial was 
carried out, however it failed to show any appreciable therapeutic 
improvement [39]. Despite being well-tolerated and able to 
stimulate the immune system, the vaccine offered very little in the 
way of survival benefits [42].
    Using genetically engineered entire prostate cancer cells, 
known as GVAX, the tumor cells can act as the source of antigen 
for immunotherapy since they release the immune-stimulatory 
cytokine granulocyte-macrophage colony-stimulating factor [43]. 
GVAX has demonstrated safety and effectiveness as a potent 
cytokine, producing a significant immune response that is dose-
dependent. Patients treated with GVAX typically experienced 
only mild side effects, such as f lu-like symptoms and fever. 
Nevertheless, due to several unsuccessful Phase 3 trials involving 
this vaccine, further research has largely been discontinued [44].

Adoptive cell therapy 

Adoptive Cell Therapy (ACT) has demonstrated effectiveness 
in the treatment of metastatic melanoma [45]. This therapeutic 
approach involves using T-lymphocytes that are specifically 
engineered to target certain viruses or tumors. By isolating and 
modifying patient T-lymphocytes with particular antigen receptors 
and subsequently reinfusing them, patients can mount an immune 
response akin to immunization against specific cancer antigens 
[46].
    Chimeric antigen receptors (CAR)-modified epithelial cell 
adhesion molecule (EpCAM)-targeted T-cells have shown promise 
in a range of cancer immunotherapies utilizing this stem cell 
antigen. Studies on low-expression human prostate cancer cells 
have shown that these cells are highly effective at preventing 
tumor growth in both vitro and in vivo settings [47]. Additionally, 
it appears that the Natural Killer Group 2D (NKG2D) receptor is 
a viable target for CAR T-cell treatment. In conjunction with the 
IL-7 gene, it has demonstrated efficacy in the management of PCa 
[48].
    To achieve more precise targeting of prostate cancer, CAR 
T-cells have frequently been developed against PSMA. In the first-
in-human Phase 1 trial of PSMA-targeting CAR T-cells armed 
with a dominant-negative TGF-β receptor (NCT03089203) in 
patients with castration-resistant prostate cancer (CRPC), 5 out 
of 13 patients experienced cytokine release syndrome (CRS) of 
grade 2 or higher, and 4 patients showed decreases of 30% or 
more in PSA levels. Notably, one patient exhibited a greater than 
98% reduction in PSA, along with evidence of significant clonal 
expansion of CAR T-cells. However, this patient subsequently 
developed enterococcal sepsis 30 days post-infusion, resulting in 
multi-organ dysfunction and death [49]. Three of the nine patients 
in a different ongoing clinical trial with PSMA-targeting CAR for 

Figure 2. Factors that lead to immunotherapy resistance. Numerous possible host-related, tumor-related, and environmental factors have the 

potential to cause immunotherapies to be resistant.
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metastatic CRPC saw improvements in PSMA positron-emission 
tomography imaging and a drop in PSA levels of more than 50% 
[49]. One patient achieved total clearance of detectable illness 
for almost five months, while three others had CRS of grades 1-2 
[50]. Even though these studies' findings are encouraging, CAR 
T-cell treatment still faces several obstacles. Overcoming the 
immunosuppressive tumor microenvironment (TME), which is 
full of growth factors and immunosuppressive cytokines, as well 
as possible toxicities related to the therapy are major constraints.
    Another approach to ACT is Tumor-Infiltrating Lymphocyte 
(TIL) therapy, which focuses on analyzing specific lymphocytes 
found around tumors. In this method, T-cells that are most 
effective at recognizing malignant tumor cells are isolated, treated, 
and stimulated to proliferate in the tumor environment. However, 
incorporating TIL-based immunotherapy into PCa treatment 
poses challenges due to the disease's T-cell exclusive nature [51]. 
This difficulty can be attributed to the relatively low genomic 
complexity of prostate cancer cells compared to other cancers [52]. 
Recent studies have shown that it is feasible to extract functional 
and tumor-reactive TILs from prostate cancer. In one study, 
researchers successfully extracted and expanded twenty-eight 
prostate-TIL cultures in the laboratory, achieving an expansion 
frequency of approximately 50% across all samples. Following 
expansion, these TILs exhibited clear expression of chemokine 
receptors. Further exploration of this therapeutic approach could 
lead to new treatment modalities for patients [53].
    A signif icant challenge in both CAR T-cell therapy 
and TIL therapy is maintaining long-term proliferation in 
immunosuppressive environments. Consequently, there is a 
growing emphasis on research aimed at enhancing the survival 
rates of CAR T-cells, particularly through the integration of TILs 
expressing 4-1BB and CD137 receptors [54]. The incorporation of 
such therapies into patient care represents an effective treatment 
strategy with fewer side effects compared to other cancer treatment 
modalities.

Bispecific T-cell engager 

PSMA Bite is the most advanced bispecific T-cell engager for the 
treatment of prostate cancer (Figure 3). Since PSMA is present on 
prostate cancer cells and their metastases, therapies targeting these 

cells such as LU-PSMA radioligand therapy benefit from having 
it as a target [55]. A cutting-edge investigational treatment called 
PSMA Bite is intended for those with mCRPC. By targeting both 
CD3 and PSMA, this bispecific antibody construct activates and 
reroutes T-cells to attack cells that express PSMA.
    Bispecific T-cell engagers (BiTEs) have already been 
successfully implemented in treating various malignancies. 
The first BiTE therapy to receive approval was Blinatumumab, 
a bispecific monoclonal antibody construct designed to enable 
CD3-positive T-cells to recognize and target CD19-positive 
B-cells. Blinatumumab is indicated for patients with refractory or 
relapsed precursor B-cell acute lymphoblastic leukemia (B-ALL). 
In comparison to chemotherapy, blinatumumab demonstrated a 
survival advantage for patients with pretreated B-ALL, with a 
median overall survival (OS) of 7.7 months in the blinatumumab 
group versus 4.0 months in the chemotherapy group (HR = 0.71; 
95% CI 0.55 to 0.93; p = 0.01) [56].
    Given the encouraging results in treating hematological 
diseases, researchers are currently exploring the potential of 
bispecific T-cell engagers (BiTEs) for solid tumors. A Phase I 
trial was conducted to evaluate the tolerability and efficacy of 
pasotuximab (PSMA Bite) in patients with mCRPC. This study 
involved 68 participants divided into two groups receiving either 
subcutaneous (s.c.) or intravenous (i.v.) administration. All patients 
had undergone at least one prior taxane treatment and were 
refractory to abiraterone acetate (AAP) or enzalutamide. The trial 
aimed to assess the maximum tolerated dose in both groups while 
monitoring PSA responses. However, in the subcutaneous cohort, 
all patients developed anti-drug antibodies, resulting in the early 
termination of this treatment group [57].
    In the Phase I study of pasotuximab (PSMA Bite), patients in 
the subcutaneous (s.c.) cohort showed a PSA decline of −24.7%. 
In the intravenous (i.v.) cohort, the median best PSA reductions 
were −22.0%, −37.7%, and −54.9% for the 20, 40, and 80 µg/d dose 
groups, respectively. One patient in the i.v. group experienced a 
PSA reduction of less than 50% for 50 weeks and stable disease 
for 337 days, while another patient had nearly complete regression 
of lymph node and bone metastases, as seen on PSMA-PET CT. 
Long-term responders in the i.v. cohort showed PSA progression 
after 11–17 months, suggesting dose-dependent activity of the 
treatment. The most common adverse events (AEs) were fever, 
seen in 81% of the s.c. cohort and 94% of the i.v. cohort, injection 
site reactions in the s.c. group (77%), chills (23% in s.c. and 69% 
in i.v. groups), and fatigue (36% in s.c. and 31% in i.v. groups). 
Treatment-emergent AEs were frequent, with anemia occurring 
in 39% of the s.c. group, while decreased lymphocyte counts 
(44%) and infections (31%) were common in the i.v. cohortition 
to PSMA [57], other targets for bispecific T-cell engagers are 
under investigation, including Glypican-1, ADAM 17P-1 [58-
60]. Overall, bispecific T-cell engagers represent a promising new 
therapeutic option, showing early signs of clinical efficacy. While 
further studies are necessary to fully establish their safety and 
effectiveness, early clinical trials are encouraging.

Gene therapy 

This therapeutic approach involves modifying a DNA sequence, 
either by inserting or deleting base pairs, to correct a genetic 
abnormality in a particular protein or to target specific molecular 
pathways. For use in gene therapy, a number of gene-editing 
tools are being developed. Gene therapies usually entail the 
encapsulation of DNA nucleotides in vectors, which can be viral 
or non-viral, and then employ those vectors to transfer the gene 
to a target area. Once delivered, the gene is integrated into the 
human genome to modify the DNA sequence and control cellular 
functions [61]. The core concept of gene therapy is the delivery 

Figure 3. Bispecific T-cell engager. Modified according to Strohl et al. 

[80].
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of foreign nucleotides to targeted DNA regions within cells of 
different tissues. Viruses are highly effective in transferring their 
genetic material to a host, enabling infection. Viral vectors can be 
administered via intravenous injection or directly into the target 
tissue. Non-viral vectors, like polymers and nanoparticles, have 
also been studied for their possible application in gene therapy, 
namely in the management of prostate cancer. Usually, these non-
viral carriers use electrostatic forces to compress DNA, shielding 
it from deterioration. Since uncontrolled cell growth can arise 
from a cell's inability to perform programmed cell death, gene 
treatments also investigate the role of apoptosis in the genesis 
of cancer [62]. In cancerous cells, genetic mutations often result 
in the suppression of apoptosis. Gene therapy for PCa focuses 
on targeting cellular apoptosis pathways by introducing genes 
that encode mediators or inducers of apoptosis in defective cells. 
Genes that induce apoptosis, such as caspases, promote cell death 
specifically in cancerous cells [63]. Despite several challenges 
ahead, such as improving the efficiency of DNA transfer to cells 
and overcoming immune responses that hinder gene expression, 
gene therapy is poised to become a prominent future treatment 
for prostate cancer. Clinical trials investigating PCa gene therapy 
have explored the use of various transgenes, including p53 and 
herpes simplex tk [64]. Current gene therapy approaches for PCa 
seek to enhance the immune system's anticancer response, correct 
aberrant gene expression, target essential cellular functions, 
take advantage of programmed cell death mechanisms, activate 
mutant or cell-lytic suicide genes, and combine treatment with 
chemotherapy or radiation therapy [65]. Since the majority of 
the therapeutic dose was given directly to the prostate in animal 
tests, intraprostatic delivery of gene therapy systems has proven 
more effective. The therapy was also able to reach metastases 
of PCa thanks to this tailored delivery. Two adaptable proteins 
that can attach to iron-binding proteins—which are frequently 
overexpressed in prostate cancer cells are lactoferrin and 
transferrin. [66]. Because high quantities of iron can have negative 
effects such as increasing the risk of bacterial infections, producing 
free radicals, and encouraging the oxidation of ferrous ions (Fe2+) 
into ferric ions (Fe3+), these proteins are essential for controlling 
free iron levels. Transferrin and lactoferrin have been used in a 
number of animal experiments to actively target prostate cancer 
cells. One potential marker for PCa is the surface antigen known 
as prostate stem cell antigen (PSCA), which is expressed in both 
androgen-dependent and androgen-independent prostate cancer 
cells. Another useful marker is the human epidermal growth factor 
receptor 2 (HER2), which can be targeted for PCa treatment due to 
tumor cell overexpression resulting from mutations [67]. In a study 
using prostate cancer-induced xenograft mice, inhibition of HER2 
and the epidermal growth factor receptor (EGFR) by targeting 
tumor-initiating cells significantly enhanced chemotherapy 
efficacy in treating castration-resistant PCa with activated STAT3. 
Additionally, it prevented metastasis by blocking EGF-induced 
STAT3 phosphorylation, a key factor in PCa spread [68]. Immune 
response therapies have also been investigated through a variety 
of gene-targeting techniques. For example, the use of a DAB-Lf 
dendriplex expressing IL12 has significantly reduced tumor size in 
PC3 and DU145 prostate tumor models. A number of microRNAs 
(miRNAs) are downregulated in patients with prostate cancer; 
these include miR-205, miR-455-3p, miR-23b, miR-221, miR-
222, miR-30c, miR-224, and miR-505. These miRNAs are linked 
to tumor-suppressive activities that affect aerobic glycolysis, 
invasion, and cell proliferation. MiR-663a and miR-1225-5p have 
been linked to PCa development and show potential as candidate 
markers, though their specific roles in promoting PCa growth and 
tumor progression remain unclear [69-71].

Nanotechnology 

Pharmacology, biomedical science, and nanotechnology are all 
combined in the interdisciplinary subject of nanotechnology. The 
characteristics of nanoparticles include improved medication 
efficacy, ease tumor penetration, resistance to drug degradation, 
and the ability to be tailored to target particular tissues [72]. 
Numerous nanoparticle types have been extensively researched 
for potential use in the diagnosis and treatment of prostate 
cancer. Polymers, metal nanomaterials, liposomes, and porous 
silicon nanoparticles are a few of them. When creating active 
targeting nanoparticles, peptides, oligosaccharides, antibodies, 
or modified surfaces are utilized. These targeting ligands direct 
the nanoparticles to receptor cells on cancer cells, such as PSMA 
receptors on prostate cancer cells [73]. Nanoparticles are being 
explored for PCa therapy due to limitations in current treatment 
options. In a study conducted at Mount Sinai in New York 
involving 16 patients, gold silica nanoparticles were used to treat 
localized prostate cancer. These nanoparticles were designed to 
absorb infrared light at wavelengths that could penetrate biological 
tissues. The gold nanoparticles exhibited plasmon resonance, 
which helped minimize therapy-related side effects. Patients 
received intravenous injections of gold nanoparticles followed by 
laser ablation, and tumor growth was monitored using MRI at 
48 and 72 hours post-treatment. The results showed a reduction 
in tumor size with no adverse side effects. A study on targeted 
and controlled release for PCa therapy has just entered clinical 
trials, resulting to the development of BIND-014, a nanoparticle 
prototype encapsulating docetaxel, despite the fact that very few 
medicines based on nanoparticles have made it that far [74]. Future 
PCa treatments may benefit greatly from liposomal encapsulation, 
according to encouraging preclinical and clinical developments 
in liposomal drug delivery. Nanocarriers have proven useful in 
combination therapies by addressing pharmacokinetic variations 
in chemotherapeutic agents [75]. By integrating nanotechnology 
with other therapeutic strategies, drug efficacy can be significantly 
improved. Nanotechnology is used in PCa for both therapeutic and 
diagnostic purposes. In addition to being effective drug delivery 
vehicles, nanoparticles also improve the solubility of medications 
that have low water solubility. Multifunctional nanoparticles show 
excellent selectivity for urological malignancies, such as tumors 
of the bladder, kidneys, and prostate. A study performed using 
nanocarriers to co-deliver docetaxel (DOC) and doxorubicin 
(DOX) showed that these agents enhanced each other's therapeutic 
efficacy in a xenograft mouse model of androgen-dependent and 
androgen-independent prostate cancer cell lines [76]. Additionally, 
the safety and effectiveness of BIND-014, a docetaxel-containing 
nanoparticle formulation, were investigated in a multicenter phase 
II open-label clinical trial including 42 patients with progressing 
mCRPC. Targeting PSMA, this nanoparticle demonstrated 
therapeutic efficacy in decreasing circulating tumor cells in 
patients by the targeted administration of docetaxel [77].
    Clinical trials for PCa have extensively investigated the use 
of magnetic nanoparticles as a contemporary method of tumor 
heating. In one study, magnetic nanoparticle thermotherapy was 
investigated, either in isolation or in conjunction with permanent 
seed brachytherapy. The viability and tolerability of this approach 
were evaluated using the first prototype of an alternating magnetic 
field applicator. The results showed that, even at modest magnetic 
field strengths of 4-5 kA/m, magnetic nanoparticle thermotherapy 
may cause hyperthermia and raise the prostate's temperature to 
thermoablative levels [78]. With advances in molecular techniques, 
a new generation of large-scale, population-based studies has been 
initiated to evaluate both the individual and combined effects of 
these treatments [79].

Conclusions
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Prostate cancer ranks among the leading causes of death in men 
worldwide, second only to lung disease. Mutations in specific 
genes, proteins, and pathways linked to an increased risk of PCa 
can serve as biomarkers, offering insights into the stage and 
underlying causes of the disease. These biomarkers can also help 
determine the most appropriate treatment. Current treatments, 
such as chemotherapy, radiotherapy, and hormonal therapies, 
benefit only a limited number of patients. Drug resistance also 
poses a major challenge in cancer treatment. While these therapies 
still provide some therapeutic benefit in clinical settings. Still 
up for debate, though, are the best ways to administer these new 
drugs to patients and classify them. More research is required to 
investigate the potential impact of reordering previous treatment 
sequences on the effectiveness of novel immunotherapies.
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