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Abstract

:

Prostate cancer (PCa) is the third highest cause of cancer death in men. PCa is a very heterogeneous tumor form in terms of grade, phenotypes, and genetics, often accompanied by complex networks. PCa is characterized by slow growth that does not compromise the patient’s quality of life, unlike more aggressive forms showing rapid growth and progression. Early diagnosis, even for the most aggressive forms, increases the possibilities of cure with less aggressive treatments and fewer side effects. However, it is important to know how to decrease the exposure to modifiable risk factors, including diet, sedentary life, smoking and alcohol, can represent an effective tool to reduce the incidence of PCa. In addition, the chronic exposure to environmental factors, most of which act as endocrine disruptors, is the focus of recent studies for their potential role in promoting the onset and progression of PCa. Although molecular therapies and clinical trials for biomarker identification have been introduced into the management of PCa, these still lag behind research performed in other solid tumors. This review provides an overview of the modifiable factors of PCa, linked to lifestyle and environmental pollutants, which together with the development of new therapeutic targets, can reduce the incidence of PCa and improve the quality of life of patients.
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1. Introduction


Prostate Cancer (PCa) is the most frequent solid tumor affecting the world’s male population [1]. Despite the progress in the early detection of PCa and its treatment over the years, this cancer remains a deadly disease. However, if action is taken promptly, the risk of the outcome being fatal is low [2]. PCa is a fairly heterogeneous disease both genetically and epidemiologically, and knowing the non-modifiable and modifiable risk factors of disease is crucial to direct primary and secondary prevention [3]. It is well-established that there are three major non-modifiable risk factors of PCa, and these are aging, race, and family history [4]. A positive family history of PCa, which is strongly related to the genetic background, is certainly one of the most important risk factors of PCa, and it is directly dependent on the degree of kinship, the number of affected relatives, and the degree of malignancy and mortality. Furthermore, a family history of high-grade or metastatic PCa increases the risk in descendants of developing a more aggressive and fatal form of PCa [5,6]. The physiological process of cellular senescence has a role in the onset and progression of many aging-related diseases, including cancer. This phenomenon is associated with the secretome produced by senescent cells, which includes pro-inflammatory and pro-oxidant factors, collectively referred to as the senescence-associated secretory phenotype that can promote tumorigenesis and tumor metastasis [7]. During aging, the physiological loss of glandular homeostasis favors the development of a pro-inflammatory and pro-fibrotic prostatic microenvironmental suitable for prostate cancer growth and progression [8,9]. In addition to non-modifiable risk factors, evidence suggests that modifiable risk factors may play a critical role in PCa development and progression. Most of these factors are part of unhealthy habits, particularly spreading among young people, such as a diet rich in fats and sugar, a sedentary lifestyle, alcohol abuse, and smoking. A growing body of evidence reports that these unhealthy habits, promoting a low chronic pro-oxidant and inflammatory status, can favor cancer development, highlighting that a potential primary strategy to counteract the spread of many cancers is encouragement to live a healthy lifestyle [10]. In the scenario of modifiable risk factors of cancer, and specifically of endocrine neoplasia including prostate cancer, many studies assessed the tumorigenic properties of endocrine-disrupting chemicals (EDC), such as pesticides, phthalates, heavy metals, and particulate matter, showing the highest cancer risk after EDC exposure [11].



In the field of PCa management, another issue is that many androgen-deprivation-therapy (ADT)-treated patients develop castration-resistant PCa (CRPC). It is well known that although ADT is initially effective, resistance subsequently develops, the AR signaling remains active in the absence of androgens, and the development of CRPC is often associated with the presence of metastases. Despite several therapeutic advancements, metastatic CRPC (mCRPC) has a poor prognosis with a survival rate below 2–3 years [12]. Therefore, in addition to counteracting PCa onset and progression through primary prevention, ongoing studies aimed to develop new therapeutic approaches to overcome castration resistance and improve survival rates.



Here, we examined the current evidence on the impact of unhealthy habits and environmental pollution on PCa development, and the progress that has been made in the treatment of advanced prostatic cancer.




2. Materials and Methods


The current state of knowledge reported in this narrative review was conducted using PubMed and Google Scholar. We selected original articles (in vitro, in vivo, and human studies), and reviews in the English language using the search terms: “Prostate Cancer AND Risk factors”; “Cancer AND diet”; “Prostate Cancer AND Obesity”; “Prostate Cancer AND unhealthy behaviours”; “Androgen Deprivation Therapy AND Prostate Cancer”; “Prostate Cancer AND Pollution”; “Prostate Cancer AND heavy metals”; “Prostate Cancer AND Persistent Organic Pollutants”; “Endocrine Disruptors AND Endocrine cancers”; “Prostate Tumor Microenvironment”; “Preclinical models AND Prostate Cancer”; “Prostate Cancer treatment”; “CRCP treatment”; “New drugs AND metastatic Prostate Cancer”. The selection of each study was based on the title and abstract; after critical evaluation of the the full text, it was included in the review.




3. Prostate Cancer and an Unhealthy Lifestyle


In recent years, a scientific consensus has been reached on the evidence that most types of cancers, as well as non-communicable diseases, are preventable through the adoption of a healthy lifestyle and that unhealthy habits increase the risk of cancer [13]. Many lines of evidence suggest that the risk of PCa could be reduced by improving one’s lifestyle. Furthermore, the recent 20-year follow-up study of Plym et al. showed that among men with an increased genetic risk, premature deaths may be preventable by implementing healthy lifestyle choices [14].



Regarding modifiable risk factors of PCa, evidence suggests that diet, smoking, excessive alcohol consumption, and physical inactivity may play a role in prostate tumorigenesis. Although the role of these factors has not been completely elucidated yet, it is presumable that their interaction increases the risk of PCa development [15]. Furthermore, emerging studies pointed out the urgent need to evaluate modifiable environmental risk factors of PCa, such as cadmium, arsenic, and air pollution as potential targets for cancer prevention [16].



3.1. Diet


Many bodies of evidence demonstrate that a balanced diet is crucial for a healthy and long life [17]. Some literature focused on the association between PCa and nutritional factors, such as fat, carbohydrates, proteins, vitamins, and polyphenols, demonstrating that they may have a pathogenetic role in the onset and progression of PCa. However, contrasting results have emerged from clinical studies, and even now, it is unclear which nutrients have a protective or detrimental effect on PCa incidence and progression [18]. Data arising from animal and clinical studies evaluated the role of dietary patterns on the risk of developing PCa. Interesting findings showed that the Western dietary pattern is positively correlated with the risk of PCa and that adherence to a healthy Mediterranean diet has a protective effect against the risk of PCa [15,18,19,20,21]. The detrimental effects promoted by the Western diet are attributed to the high content of calories, fats, and oxidizing agents that promote overall intraprostatic inflammation that favors PCa growth [20]. In addition, the foods of the Western diet have a high glycemic index, which increases the risk of cancer by causing hyperinsulinemia [22]. Concerning this topic, the recent clinical study by Fu and collegues reported that hyperinsulinemia and inflammation may be potential mechanisms linking dietary patterns with the risk of aggressive PCa, suggesting that avoiding inflammatory and hyperinsulinemic patterns may be a useful tool to prevent clinically relevant PCa [23]. To further strengthen the role of inflammation and hyperinsulinemia in PCa progression, the wide longitudinal observational study CaPSURE conducted among men with non-metastatic PCa, suggests that diets with higher inflammatory and insulinemic potential were associated with a higher risk of PCa progression [24]. An emerging topic also related to diet patterns is the role of microbiota in cancer development. Despite the numerous studies published on the association between gut microbiota and colon cancer, few studies have investigated the relationship between gut microbiota and PCa. The available experimental studies have shown that the gut microbiome affects the growth and progression of PCa through metabolites derived from gut microbes, suggesting the existence of a “gut–prostate axis” [25]. Liss et al. analyzed the fecal microbiome in men who underwent a prostate biopsy, finding a great diversity between men with PCa compared to those without PCa, suggesting that a particular set of bacteria and their related metabolic pathways can contribute to PCa development [26]. A study comparing the microbiota of children in Burkina Faso, who have a high-fiber diet, with those of European children who consume a conventional Western diet, reported that the microbiota of children from Burkina Faso contained significantly less enterobacteriaceae and higher levels of short-chain fatty acids, such as butyric acid, which exerts anti-tumor actions through the induction of apoptosis and proliferation restriction [25] (Table 1, Figure 1).




3.2. Smoking


Cigarette smoking, tobacco combustion, and smoke inhalation, including passive smoking, are among the leading causes of cancer death, and recently their role in PCa has also been investigated [27]. The data emerging from the literature, including meta-analyses, still do not clarify the role of smoking in PCa development. However, according to a recent study that analyzed a cohort of 17 studies, it appears that cigarette smoking has an inverse association with PCa. Thus, in smokers, the incidence of developing PCa is lower, but patients who are affected by PCa have greater resistance to treatment, and the risk of death due to PCa is higher [28,29]. Other meta-analyses show that cigarette smoking alone has a low incidence of PCa, and this seems to be more widely reflected in other research works and data comparisons, but it has also been seen that when associated with other risk factors such as alcohol, the incidence undergoes a significant increase [30,31] (Table 1, Figure 1).




3.3. Alcohol


Excessive alcohol intake is certainly a risk factor for the development and proliferation of various forms of cancer, but not in PCa [32]. In fact, from the data collected, it seems that there is no correlation between alcohol intake and the development of PCa or an increased risk of mortality. The studies carried out so far have led to inconsistent results and need further investigation [33] (Table 1, Figure 1).




3.4. Sedentary Lifestyle


Recent studies and meta-analyses have shown a 30% risk reduction in PCa mortality in patients with an active lifestyle. Further studies show short-term clinical benefits in patients who have switched from a sedentary lifestyle to a more active one by incorporating even light physical activity into their daily routine. In patients who engage in occupational or competitive physical activity, the risk of developing PCa is significantly reduced [34]. Certainly, the data collected shows that men with PCa who led an active lifestyle or started exercising after diagnosis could delay or even avoid treatments and their side effects, as well as maintain a better quality of life [35]. Quality of sleep is an important aspect of having a healthy and balanced lifestyle. Some studies have investigated the correlation between sleep and PCa, and from the results, there seems to be no correlation between sleep duration and the risk of developing PCa [36]. On the other hand, there was a remarkable association between sleep quality and PCa risk; patients whose sleep quality was very poor were more likely to develop more aggressive forms of PCa [37]. Patients with PCa who engaged in frequent physical activity and who had a healthy lifestyle had more stable telomeres and reduced PSA levels compared to sedentary patients [38] (Table 1, Figure 1).



Collectively, the data emerging from the literature suggests that unhealthy habits can act as modifiable risk factors for cancer development, including PCa. Therefore, although the adoption of healthy behavior is not sufficient to prevent the onset of PCa, as many factors are implicated in its pathogenesis, it is evident that following a healthy lifestyle does not expone to the systemic detrimental effects promoted by the low pro-oxidant and pro-inflammation status induced by unhealthy habits.





 





Table 1. Unhealthy lifestyle, environmental factors, and PCa development.
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Unhealthy

Lifestyle

	
Effects on PCa Onset and Progression

	
References






	
Diet

	
ROS production, Inflammation, Hyperinsulinemia, Gut microbiome disrupted

	
[18,19,20,21,22,23,24,25,26]




	
Smoking

	
High resistance to treatment

	
[28,29,30,31]




	
Alcohol

	
No correlation with PCa

	
[32,33]




	
Sedentary life

	
Active lifestyle reduces the risk of mortality. Poor sleep quality induces aggressive forms of PCa

	
[34,35,36,37,38]




	
Environmental Factors

	
Effects on PCa onset and progression

	
Mechanisms of action

	
References




	
Heavy metals

	
Tumor progression

	
Increased levels of MMP-9; DNA metylation; K-RAS activation; apoptosis inhibition

SUMOylation of AR

	
[39,40,41,42,43,44]




	
Persistent Organic Pollutants

	
Increase in aggressiveness and metastasis progression

	
Activation/inhibition of transcriptional activity of target genes by AHR-XRE activation; up-regulation of ACAT1 by AHR activation;

Up-regulation of MMP-9 exerted by AHR

	
[45,46]




	
Environmental carcinogens

	
Excessive production of ROS drives the onset of PCa

	
Cellular damage, changes DNA sequence, proteins alterations

	
[47,48]











4. Prostate Cancer and Environmental Factors


Some researchers have studied environmental pollution for their potential pathogenetic role in promoting the onset and progression of PCa. Many chemicals, whose sources of exposure are diverse and vary around the world, can act as endocrine-disrupting chemicals (EDCs). These exogenous substances interfere with any aspect of hormone action and can disrupt hormonal homeostasis. Generally, EDCs can act as agonist and antagonist hormonal receptors, blocking or activating intracellular signal transduction pathways. Lifelong exposure to EDCs can lead to a cumulative and/or synergic effect that can increase the incidence of hormone-related neoplasia, including PCa [11].



4.1. Heavy Metals


Cadmium (Cd) and Arsenic (As) are the main heavy metals that act as EDCs and may be implicated in prostate tumorigenesis. Cd, a transition metal, and As, a metalloid, can affect several molecular mechanisms that lead to PCa onset. Both Cd and As are naturally present in the Earth’s crust, but they are also found in the natural environment due to the development of industrial activities. There are epidemiological studies that reported the correlation between high exposure to As in drinking water and high incidence of PCa in various regions of the USA [49,50]. The biological mechanisms linking As exposure to an increased risk of PCA appear to involve epigenetic processes. These mechanisms enhance cell proliferation and survival and reduce apoptotic events [49].



Additionally, exposure to As promotes androgen independence, a condition commonly linked to advanced stages of PCA and a poor prognosis because of resistance to certain treatments [51]. Several in vitro studies have demonstrated that low-level exposure to As in human prostate stem cells induces transformation in cancer stem-like cells characterized by an increased release of matrix metalloproteinase-9 (MMP-9), inhibition of apoptosis, DNA methylation, and activation of K-RAS oncogene [39,40,41]. An increased expression of anti-apoptotic genes BCL2 and BCL-XL, which induced resistance to cell death, has also been observed, while the expression of MMP-9 supported the metastatic process [42]. Furthermore, during the development of PCa, normal cells undergo a process where tumor suppressor genes are silenced due to promoter methylation. This silencing is associated with heightened activity of the DNMT3b DNA methyltransferase enzyme [43]. In addition, the arsenic-induced malignant transformation of PCa is driven by K-RAS upregulation along with the proliferation by the RAS/ERK pathway [40].



Similarly, in vitro studies have demonstrated that Cd exposure induces malignant transformation of non-tumorigenic and normal human prostate epithelial cells through abnormal DNA methylation and elevated MMP-9 secretion, resulting in increased aggressiveness and tumor progression [52]. In addition, interesting data showed that Cd can act as a steroid hormone, binding with high affinity to the hormone-binding domain of the androgen receptor (AR), which plays an important role in prostate carcinogenesis [53]. Epidemiological data and animal and in vitro studies suggested that Cd is a potential prostate carcinogenic agent. A population-based prospective cohort study supported the role of dietary Cd exposure in PCa development [54]. Wu and collegues described that Cd treatment on prostate cancer cell lines acts on the hormone-binding domain of AR, which plays an important role in the transcriptional process of prostate carcinogenesis [44]. They demonstrated that Cd regulates the SUMOylation, the conjugation of small ubiquitin-related modifier (SUMO) proteins of AR, involved in post-translational changes that regulate several physiological processes. The SUMOylation observed after Cd treatment consisted of a major AR transcriptional activity with downregulation of AR SUMOylation [44].




4.2. Persistent Organic Pollutants (POPs)


Compounds that are associated with the risk of PCa are the persistent organic pollutants (POPs), such as polychloribiphenyls (PCBs), dioxin, and pesticides, which are defined by the Stockholm Convention as chemicals that accumulate in living tissue exerting a toxic effect due to their resistance to degradation. Excessive exposure to these organic pollutants is documented to induce an increase in aggressiveness and metastasis progression of PCa by several studies. Even if the exact mechanism of action of dioxin and PCBs is unknown in PCa, dioxin and PCBs exert their effects through the aryl hydrocarbon receptor (AHR) that binds to the xenobiotic response element (XRE) to activate or inhibit transcriptional activity of specific target genes. Therefore, it seems that these organic compounds could be stored in periprostatic adipose tissue probably due to their lipophilic nature [45]. Several studies show that dioxin and PCBs could have pro- or anti-proliferative activity in PCa cell lines, but also in other tumors in correlation to the methodology applied, type of cell lines, and timing of exposure of dioxin/PCBs used [55]. Buñay et al. reported that PCa progression has involved the enzymes acetyl-coenzyme A (CoA) acetyltransferase-1 (ACAT1), which sustain ATP production via reversible reaction during lipogenesis and ketogenesis processes. They found that the increase of invasion and accelerated cell growth and metastasis was correlated to an up-regulation of ACAT1 by AHR activation [45]. In 2016, the effects of dioxin and PCBs on PCa were tested by using an animal model called “Transgenic Adenocarcinoma of the Mouse Prostate (TRAMP)”. The authors found that dioxin and PCBs exerted pro- or anti-carcinogenic effects in correlation to the time to exposure but also to the nature of the AHR ligand [56].



Therefore, the link between dioxin/PCBs and AHR ligand is an important connection, because when dioxin/PCB is bound to AHR, it induces an AHR nuclear translocation and, after a dimerization process by AHR nuclear translocator (ARNT), it leads to the transcription of AHR target genes. This mechanism is made principally by enzymes of cytochrome P450 that are involved in the process of detoxing from environmental pollutants [57]. In addition, it has been demonstrated that in animal models, dioxin/PCBs exposure induces the up-regulation of MMP-9, previously described in human prostate cancer cell lines, in which the production of MMP-9 was stimulated by AHR in the dose and in time-dependent mode [46].



Recently, Alwadi and colleagues described the effects of phenols and parabens, products with endocrine-disrupting properties, as risk factors of PCa in a study conducted in a U.S. men’s cohort. Phenols and parabens act as agonists or antagonists of sex hormones, and their exposure on humans can be due to ingestion of contaminated food or inhalation or absorption through the skin [58]. They found that the higher levels of phenols/parabens metabolites in urine samples were associated with an increased risk of PCa in the male population cohort who frequently consumed fast food. Additionally, software analysis using Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathways identified high-level genes in the aggressive stages of PCa tissue, indicating their potential role in carcinogenesis [58].



Interestingly, several studies have reported that exposure to environmental carcinogens can stimulate oxidative stress, causing damage to tumors, increasing the expression of proto-oncogenes, and inducing the malignant transformation of cells [47]. Usually, reactive oxygen species (ROS), whether generated by environmental pollution or other endogenous/exogenous factors, are neutralized by antioxidant enzyme systems. However, the excessive production of ROS could generate cellular damage, changes in the DNA structure, and alteration of proteins, inducing events driving the onset of PCa [48] (Table 1).



In summary, experimental in vitro and in vivo evidence suggests that environmental pollution could contribute to the risk of PCa development and progression, occurring through various mechanisms, including inflammation, oxidative stress, and genetic damage. However, to date, the underlying mechanisms have not been completely elucidated, and only a few clinical studies can support the link between environment and PCa. Undoubtedly, reducing exposure to harmful pollutants through regulatory measures and personal actions is essential for lowering cancer risk and improving public health.





5. Preclinical Models and Emerging Therapies in the Treatment of Advanced Prostate Cancer


Localized PCa can be effectively treated with radical prostatectomy and radiotherapy, while metastatic prostate cancer often remains incurable and fatal. In advanced PCa, ADT is the standard treatment. However, inevitable CRPC has limited treatment options with a low survival rate [59]. Recent studies have identified that genetic abnormalities are related to PCa and its progression to CRPC, such as mutations in AR, TP53, PTEN, and BRCA1/2 genes. These findings support the development of new experimental therapies [60]. Research on PCa is often based on in vitro studies of human prostatic cancer cells such as LNCaP, DU-145, and PC-3, used to uncover the molecular mechanisms driving progression and treatment resistance. While these cell lines help identify predictors of treatment response and resistance, they fail to capture the full diversity and heterogeneity of human prostate cancer. The growing knowledge of the molecular mechanisms through which modifiabfle risk factors can contribute to prostate cancerogenesis, including the role of tumor microenvironmental, allowed the development of new therapeutic approaches, mainly to prevent the spread of PCa. Therefore, the research is moving beyond the traditional 2D cell lines to patient-derived models that better reflect the complexity of the tumor ecosystem [60].



5.1. Preclinical Models of PCa


A new research tool in PCa studies is the patient-derived xenograft (PDX) model. This model involves transplanting tumor tissue directly from a patient into an immunodeficient mouse or other animal. The tumor grows in the animal, maintaining characteristics of the original patient’s cancer, thus providing a more accurate representation of the tumor’s biology and the advantage of reproducing the complexity of the tumor microenvironment (TME), resulting in a useful tool that can serve as a clinical predictive model for personalized therapeutic strategies. Despite their advantages, PDX models have limitations, such as the lack of a fully functional human immune system in the host animal, which can affect the accuracy of studies on immune-related therapies. In addition, it has been observed that PDX in humanized mice causes a rapid loss of human stromal components of implanted tumor tissue, which are replaced by mouse TME during engraftment [61]. Preclinical studies used the PDX model to identify and validate biomarkers associated with PCa. Several studies have reported the ability to predict treatment response, disease progression, or prognosis by using the molecular and genetic characteristics of PDX tumors with patient data [60]. Recently, novel PDX models have been characterized. These include hormone-naïve, androgen-sensitive, and CRPC, as well as neuroendocrine prostate cancer (NEPC), a rare form of PCa that can develop either de novo or as a resistance to therapies [62]. In this biobank, it was possible to identify alteration in androgen signaling, DNA repair, and PI3K pathways by genomic analysis, and the responses to androgen deprivation, PARP inhibitors, and chemotherapy treatment [62] (Table 2, Figure 1) were evaluated. A further emerging tool in PCa research is the use of patient-derived organoids (PDOs). These 3D cultures are developed from patient tissues and retain the genetic and histological characteristics of the original tumors, making them valuable for studying disease mechanisms and testing drug responses. PDOs are typically cultured using a basement membrane extract like matrigel, which supports cell growth and differentiation. This approach has enabled the development of organoids that mirror the molecular diversity and clinical heterogeneity of PCa, including various genetic mutations and AR expression levels [63,64]. One of the key advantages of using PDOs in PCa research is their ability to mimic the tumor microenvironment, which is crucial for understanding tumor–stroma interactions and the impact of different cell types on tumor growth and drug response. For instance, co-culturing prostate cancer organoids with stromal cells has been shown to improve their survival rate and formation efficiency, providing a more accurate model of in vivo conditions [65]. PDOs have been particularly useful in studying CRPC and NEPC, both of which are challenging to treat due to their aggressive nature and resistance to conventional therapies. PDO models of these subtypes have helped researchers investigate the underlying mechanisms of therapeutic resistance and identify potential new treatment strategies [60,64]. Overall, PDOs are proving to be a robust platform for precision medicine in PCa, offering a more personalized approach to understanding and treating this complex disease (Table 2, Figure 1).




5.2. Novel Putative Therapies in the Management of Advanced PCa


The emergence of novel therapies has prolonged the life expectancy of metastatic CRPC patients. The availability of tools to predict and monitor therapy response is crucial to personalize the treatment, changing it early in the resistance phase when necessary. In recent years, a new promising therapeutic strategy seems to be the CAR-T cell therapy for the treatment of advanced PCa, particularly for metastatic CRPC (mCRPC), where immune-checkpoint inhibitors with anti-CTLA4 and PD-1 inhibitors, and GVAX and Prost-Vac vaccines showed limited activities [66,67]. Therefore, this innovative approach involves genetically modifying a patient’s T-cells to express a chimeric antigen receptor (CAR) that targets prostate cancer cells. One of the key targets for CAR-T therapy in PCa is the prostate stem cell antigen (PSCA), which is found at higher levels in cancerous cells compared to normal tissues. This specificity helps CAR-T cells to effectively target and kill cancer cells while sparing healthy cells. Clinical trials have provided encouraging results. In a Phase 1 trial, PSCA-directed CAR-T cells demonstrated safety and potential efficacy. Notably, some patients showed significant declines in prostate-specific antigen (PSA) levels and improvements in imaging results. In addition, a subset of patients showed a dynamic change in the activation of peripheral blood endogenous, CAR-T cell subsets, TCR repertoire diversity, and alteration in the TME. However, managing side effects, such as cytokine release syndrome and cystitis, remains a crucial aspect of treatment [68] (Table 2; Figure 1). Finally, another emerging therapeutic strategy is the cancer-associated-fibroblast (CAF). It has been shown that CAFs promote cancer cell survival and proliferation, as well as facilitate metastasis by altering the composition of the tumor extracellular matrix (ECM), and they play a role in developing an immunosuppressive TME [69]. However, recent studies reported the use of CAFs as a treatment option for PCa. One of these therapeutic approaches is to deplete targeting surface molecules of CAFs. Regarding this, fibroblast activation protein (FAP) is expressed on the surface of CAFs in several solid tumors, and its overexpression is correlated with a poor prognosis, and in PCa this protein is associated with PTEN copy number loss. It has been reported that specific sequences designed to silence genes critical for CAF survival or function, such as loading an FAP antibody onto a nanoparticle, inactivated CAFs via a downregulation of CXCL12, inducing a suppression of PCa cells phenotype [70]. Another CAF therapeutic option is to disrupt the signals and interactions that CAFs use to support tumor growth and progression. Recently, the literature demonstrated that inhibition of chemokines/cytokines and growth factors can reduce tumor progression, such as TGFβ1, which is involved in the mechanism of tumor progression and immune evasion. Recently, it has been reported that TGFβ-receptor I antagonist, galunisertib, significantly reduced the tumor growth in a model mouse via regulation of a signaling circuit that involved chemokines like CXCR2 and CXCR5, suggesting that this antagonist could be used as a robust therapeutic target for PCa [71]. Finally, re-inducing activated CAFs to a quiescent state closer to normal fibroblasts (NFs) is indeed a promising therapeutic strategy. This approach aims to reverse the tumor-promoting activities of CAFs, potentially transforming them into cells that support normal tissue homeostasis rather than tumor progression.



New evidence suggests that CAFs are involved in the regulation of tumor metabolism, acting on the dysregulation of various metabolic pathways. Recently, it has been demonstrated that treatment by glucocorticoid induces alteration in the glucocorticoid receptor signaling modifying morphology of CAFs, but also influences proliferation, colony formation, and the 3D-spheroid growth mechanism in several PCa cell models. In this context, it has been observed that there is a clear involvement of glucocorticoid in the regulation of epithelial tumor cell growth, and it is considered an important tool for therapeutic strategies [72]. In conclusion, by targeting CAFs through these various strategies, it is possible to disrupt their supportive role in tumor progression and enhance the effectiveness of cancer treatments (Table 2; Figure 1).



The implementation of radiolabels has revolutionized the landscape of PCa. The theranostic concept involves the use of a single vector to detect the molecular target and to perform therapy. Prostate-specific membrane antigen (PSMA) tracers were initially used as an imaging technique. Afterwards, PSMA labeling with isotopes exhibiting cytotoxic abilities was approved for radioligand immunotherapy in the metastatic stage of PCa, where PMSA or Gastrin-releasing peptide receptor (GRPR) resulted in overexpression [73,74]. The effectiveness of radionuclide therapy arises from its mechanism of action, as a radioactive isotope is linked to a vector molecule that targets tumor cell receptors and/or the tumor microenvironment. Promising radioactive pharmaceuticals are being evaluated in clinical trials, most of which have not been completed yet [75]. Despite the important advancements reached by TRT in the field of personalized therapy, TRT still exhibits some limitations related to efficacy, stability, and side effects [76]. Therefore, further studies are needed before TRT can be used in routine clinical practice, mainly in combination with other treatment modalities and in less advanced forms of PCa (Table 2; Figure 1).
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	Preclinical Models
	Aims of Tool
	Advances
	Limitations
	References





	PDX

(Patient-derived xenograft model)
	Transplantation of human tumor tissue into an immunodeficiency animal model
	More accurate reproduction of tumor’s biology and complexity of TME by human tumor grown in animal model
	Useful tool to a personalized therapeutic strategy
	Lack of functionality of the human immune system in the host animal; loss of human stromal component in the animal model
	[61]



	PDOs

(Patient-derived organoids model)
	3D cultures of patient tissues by a basement membrane (Matrigel)
	Development of organoids that reproduce the molecular and clinical diversity of PCa, as various genetic mutations
	Mimic of the complexity of TME; a useful tool to test new drugs in PCa-resistant therapeutic strategies
	High cost and further protocol standardization
	[60,63,64,65]



	
	New therapeutic strategies
	Aims
	Advances
	Limitations
	References



	CAR-T cell therapy
	Genetic modification of patient’s T-cells expressing chimeric antigen receptor (CAR) targeting for PCa cells
	CAR-T cells target and kill cancer cells
	Low levels of PSA and improvement in imaging results; activation of peripheral blood endogenous, TCR repertoire diversity; alteration of TME
	Collateral effects such as cytokine release syndrome and cystitis
	[68]



	Cancer-Associated-Fibroblast (CAF) therapy
	Co-culturing of human tumor tissue with CAF
	Disruption of tumor progression and enhancement of cancer therapy
	Useful tool for new treatment option of PCa; inhibition of chemokines/cytokines and growth factors
	Complex interaction within TME due to the heterogeneity and plasticity of CAF
	[69,70,71,72]



	Targeted Radionuclide therapy (TRT)
	Radioactive isotope linked to a vector molecule specifically targeting tumor cell receptors

or the tumor microenvironment

(PSMA/GRPR)
	Improving both overall survival

and progression-free survival of patients with mCRPC
	A useful tool for personalized treatment of mCRPC; Integration of TRT with other treatment

modalities to optimize mCRPC therapy
	Radiopharmaceuticals exhibit high tissue absorption,

low energy transfer, and a broad radiation spectrum
	[73,74,75,76]










6. Conclusions


In this review, we aimed to discuss the relationship between PCa and modifiable, lifestyle, and environmental factors and the emerging strategies to optimize the treatment of advanced PCa.



The data emerging from the literature strongly suggest that unhealthy habits and chronic exposure to environmental pollution may have a role in PCa development and progression. These modifiable players interacting with unmodifiable risk factors can lead to the creation of a heterogeneous tumor microenvironment that has a critical role in the progression to a more aggressive tumor and difficult-to-treat stages. The development of preclinical models of PCa is fundamental not only to better understand the molecular mechanisms driving advanced androgen-resistant forms of PCa, but also to identify new therapeutic tools allowing clinicians to adopt personalized therapy. Although the main aim of the research is to find innovative and efficacious new therapeutic approaches in the field of therapy-resistant forms of cancer, public prevention, such as encouraging balanced nutrition and an active lifestyle, remains the gold standard in counteracting the cancer onset and detecting the disease early. On the other hand, the goverments should improve the laws to reduce the environmental exposure because experimental and clinical studies clearly demonstrate that pollutants have a pathogenetic role in the onset of tumors.







Author Contributions


Conceptualization, A.P., V.R. and S.D.A.; methodology, S.B. and L.U.; investigation, F.C.; writing—original draft preparation, S.B. and L.U.; writing—review and editing, A.P., V.R. and S.D.A.; supervision, A.A. and A.P. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Institutional Review Board Statement


Not applicable.




Informed Consent Statement


Not applicable.




Data Availability Statement


No new data were created or analyzed in this study.




Conflicts of Interest


The authors declare no conflicts of interest.




References


	



Kaiser, A.; Haskins, C.; Siddiqui, M.M.; Hussain, A.; D’Adamo, C. The Evolving Role of Diet in Prostate Cancer Risk and Progression. Curr. Opin. Oncol. 2019, 31, 222–229. [Google Scholar] [CrossRef]

	



Posdzich, P.; Darr, C.; Hilser, T.; Wahl, M.; Herrmann, K.; Hadaschik, B.; Grünwald, V. Metastatic Prostate Cancer-A Review of Current Treatment Options and Promising New Approaches. Cancers 2023, 15, 461. [Google Scholar] [CrossRef] [PubMed]

	



Cui, H.; Zhang, W.; Zhang, L.; Qu, Y.; Xu, Z.; Tan, Z.; Yan, P.; Tang, M.; Yang, C.; Wang, Y.; et al. Risk Factors for Prostate Cancer: An Umbrella Review of Prospective Observational Studies and Mendelian Randomization Analyses. PLoS Med. 2024, 21, e1004362. [Google Scholar] [CrossRef] [PubMed]

	



Bostwick, D.G.; Burke, H.B.; Djakiew, D.; Euling, S.; Ho, S.; Landolph, J.; Morrison, H.; Sonawane, B.; Shifflett, T.; Waters, D.J.; et al. Human Prostate Cancer Risk Factors. Cancer 2004, 101, 2371–2490. [Google Scholar] [CrossRef] [PubMed]

	



Clements, M.B.; Vertosick, E.A.; Guerrios-Rivera, L.; De Hoedt, A.M.; Hernandez, J.; Liss, M.A.; Leach, R.J.; Freedland, S.J.; Haese, A.; Montorsi, F.; et al. Defining the Impact of Family History on Detection of High-Grade Prostate Cancer in a Large Multi-Institutional Cohort. Eur. Urol. 2022, 82, 163–169. [Google Scholar] [CrossRef]

	



Brook, M.N.; Ní Raghallaigh, H.; Govindasami, K.; Dadaev, T.; Rageevakumar, R.; Keating, D.; Hussain, N.; Osborne, A.; Lophatananon, A.; UKGPCS Collaborators; et al. Family History of Prostate Cancer and Survival Outcomes in the UK Genetic Prostate Cancer Study. Eur. Urol. 2023, 83, 257–266. [Google Scholar] [CrossRef]

	



Rysanek, D.; Vasicova, P.; Kolla, J.N.; Sedlak, D.; Andera, L.; Bartek, J.; Hodny, Z. Synergism of BCL-2 Family Inhibitors Facilitates Selective Elimination of Senescent Cells. Aging 2022, 14, 6381–6414. [Google Scholar] [CrossRef]

	



Guerra, L.H.A.; Campos, S.G.P.; Taboga, S.R.; Vilamaior, P.S.L. Prostatic Morphological Changes throughout Life: Cytochemistry as a Tool to Reveal Tissue Aging Markers. Microsc. Res. Tech. 2024, 87, 1020–1030. [Google Scholar] [CrossRef]

	



Krušlin, B.; Tomas, D.; Džombeta, T.; Milković-Periša, M.; Ulamec, M. Inflammation in Prostatic Hyperplasia and Carcinoma-Basic Scientific Approach. Front. Oncol. 2017, 7, 77. [Google Scholar] [CrossRef]

	



Marino, P.; Mininni, M.; Deiana, G.; Marino, G.; Divella, R.; Bochicchio, I.; Giuliano, A.; Lapadula, S.; Lettini, A.R.; Sanseverino, F. Healthy Lifestyle and Cancer Risk: Modifiable Risk Factors to Prevent Cancer. Nutrients 2024, 16, 800. [Google Scholar] [CrossRef]

	



Macedo, S.; Teixeira, E.; Gaspar, T.B.; Boaventura, P.; Soares, M.A.; Miranda-Alves, L.; Soares, P. Endocrine-Disrupting Chemicals and Endocrine Neoplasia: A Forty-Year Systematic Review. Environ. Res. 2023, 218, 114869. [Google Scholar] [CrossRef] [PubMed]

	



Nuhn, P.; De Bono, J.S.; Fizazi, K.; Freedland, S.J.; Grilli, M.; Kantoff, P.W.; Sonpavde, G.; Sternberg, C.N.; Yegnasubramanian, S.; Antonarakis, E.S. Update on Systemic Prostate Cancer Therapies: Management of Metastatic Castration-Resistant Prostate Cancer in the Era of Precision Oncology. Eur. Urol. 2019, 75, 88–99. [Google Scholar] [CrossRef]

	



Zhang, Y.-B.; Pan, X.-F.; Chen, J.; Cao, A.; Zhang, Y.-G.; Xia, L.; Wang, J.; Li, H.; Liu, G.; Pan, A. Combined Lifestyle Factors, Incident Cancer, and Cancer Mortality: A Systematic Review and Meta-Analysis of Prospective Cohort Studies. Br. J. Cancer 2020, 122, 1085–1093. [Google Scholar] [CrossRef] [PubMed]

	



Plym, A.; Zhang, Y.; Stopsack, K.H.; Ugalde-Morales, E.; Seibert, T.M.; Conti, D.V.; Haiman, C.A.; Baras, A.; Stocks, T.; Drake, I.; et al. Early Prostate Cancer Deaths Among Men With Higher vs Lower Genetic Risk. JAMA Netw. Open 2024, 7, e2420034. [Google Scholar] [CrossRef]

	



Rago, V.; Di Agostino, S. Novel Insights into the Role of the Antioxidants in Prostate Pathology. Antioxidants 2023, 12, 289. [Google Scholar] [CrossRef]

	



Li, J.; Deng, Z.; Soerensen, S.J.C.; Kachuri, L.; Cardenas, A.; Graff, R.E.; Leppert, J.T.; Langston, M.E.; Chung, B.I. Ambient Air Pollution and Urological Cancer Risk: A Systematic Review and Meta-Analysis of Epidemiological Evidence. Nat. Commun. 2024, 15, 5116. [Google Scholar] [CrossRef] [PubMed]

	



Ubago-Guisado, E.; Rodríguez-Barranco, M.; Ching-López, A.; Petrova, D.; Molina-Montes, E.; Amiano, P.; Barricarte-Gurrea, A.; Chirlaque, M.-D.; Agudo, A.; Sánchez, M.-J. Evidence Update on the Relationship between Diet and the Most Common Cancers from the European Prospective Investigation into Cancer and Nutrition (EPIC) Study: A Systematic Review. Nutrients 2021, 13, 3582. [Google Scholar] [CrossRef]

	



Matsushita, M.; Fujita, K.; Nonomura, N. Influence of Diet and Nutrition on Prostate Cancer. Int. J. Mol. Sci. 2020, 21, 1447. [Google Scholar] [CrossRef]

	



Sultan, M.I.; Ibrahim, S.A.; Youssef, R.F. Impact of a Mediterranean Diet on Prevention and Management of Urologic Diseases. BMC Urol. 2024, 24, 48. [Google Scholar] [CrossRef]

	



Bagheri, A.; Nachvak, S.M.; Rezaei, M.; Moravridzade, M.; Moradi, M.; Nelson, M. Dietary Patterns and Risk of Prostate Cancer: A Factor Analysis Study in a Sample of Iranian Men. Health Promot. Perspect. 2018, 8, 133–138. [Google Scholar] [CrossRef]

	



Kenfield, S.A.; DuPre, N.; Richman, E.L.; Stampfer, M.J.; Chan, J.M.; Giovannucci, E.L. Mediterranean Diet and Prostate Cancer Risk and Mortality in the Health Professionals Follow-up Study. Eur. Urol. 2014, 65, 887–894. [Google Scholar] [CrossRef]

	



Lozano-Lorca, M.; Rodríguez-González, M.; Salcedo-Bellido, I.; Vázquez-Alonso, F.; Arrabal, M.; Martín-Castaño, B.; Sánchez, M.-J.; Jiménez-Moleón, J.-J.; Olmedo-Requena, R. Dietary Patterns and Prostate Cancer: CAPLIFE Study. Cancers 2022, 14, 3475. [Google Scholar] [CrossRef] [PubMed]

	



Fu, B.C.; Tabung, F.K.; Pernar, C.H.; Wang, W.; Gonzalez-Feliciano, A.G.; Chowdhury-Paulino, I.M.; Clinton, S.K.; Folefac, E.; Song, M.; Kibel, A.S.; et al. Insulinemic and Inflammatory Dietary Patterns and Risk of Prostate Cancer. Eur. Urol. 2021, 79, 405–412. [Google Scholar] [CrossRef] [PubMed]

	



Langlais, C.S.; Graff, R.E.; Van Blarigan, E.L.; Kenfield, S.A.; Neuhaus, J.; Tabung, F.K.; Cowan, J.E.; Broering, J.M.; Carroll, P.; Chan, J.M. Postdiagnostic Inflammatory, Hyperinsulinemic, and Insulin-Resistant Diets and Lifestyles and the Risk of Prostate Cancer Progression and Mortality. Cancer Epidemiol. Biomark. Prev. 2022, 31, 1760–1768. [Google Scholar] [CrossRef] [PubMed]

	



Matsushita, M.; Fujita, K.; Hatano, K.; De Velasco, M.A.; Uemura, H.; Nonomura, N. Connecting the Dots Between the Gut-IGF-1-Prostate Axis: A Role of IGF-1 in Prostate Carcinogenesis. Front. Endocrinol. 2022, 13, 852382. [Google Scholar] [CrossRef]

	



Liss, M.A.; White, J.R.; Goros, M.; Gelfond, J.; Leach, R.; Johnson-Pais, T.; Lai, Z.; Rourke, E.; Basler, J.; Ankerst, D.; et al. Metabolic Biosynthesis Pathways Identified from Fecal Microbiome Associated with Prostate Cancer. Eur. Urol. 2018, 74, 575–582. [Google Scholar] [CrossRef] [PubMed]

	



Gupta, S.; Gupta, R.; Sinha, D.N.; Mehrotra, R. Relationship between Type of Smokeless Tobacco & Risk of Cancer: A Systematic Review. Indian J. Med. Res. 2018, 148, 56–76. [Google Scholar] [CrossRef] [PubMed]

	



Al-Fayez, S.; El-Metwally, A. Cigarette Smoking and Prostate Cancer: A Systematic Review and Meta-Analysis of Prospective Cohort Studies. Tob. Induc. Dis. 2023, 21, 19. [Google Scholar] [CrossRef]

	



Darcey, E.; Boyle, T. Tobacco Smoking and Survival after a Prostate Cancer Diagnosis: A Systematic Review and Meta-Analysis. Cancer Treat. Rev. 2018, 70, 30–40. [Google Scholar] [CrossRef]

	



Viner, B.; Barberio, A.M.; Haig, T.R.; Friedenreich, C.M.; Brenner, D.R. The Individual and Combined Effects of Alcohol Consumption and Cigarette Smoking on Site-Specific Cancer Risk in a Prospective Cohort of 26,607 Adults: Results from Alberta’s Tomorrow Project. Cancer Causes Control 2019, 30, 1313–1326. [Google Scholar] [CrossRef]

	



Riviere, P.; Kumar, A.; Luterstein, E.; Vitzthum, L.K.; Nalawade, V.; Sarkar, R.R.; Bryant, A.K.; Einck, J.P.; Mundt, A.J.; Murphy, J.D.; et al. Tobacco Smoking and Death from Prostate Cancer in US Veterans. Prostate Cancer Prostatic Dis. 2020, 23, 252–259. [Google Scholar] [CrossRef] [PubMed]

	



Hong, S.; Khil, H.; Lee, D.H.; Keum, N.; Giovannucci, E.L. Alcohol Consumption and the Risk of Prostate Cancer: A Dose-Response Meta-Analysis. Nutrients 2020, 12, 2188. [Google Scholar] [CrossRef] [PubMed]

	



D’Ecclesiis, O.; Pastore, E.; Gandini, S.; Caini, S.; Marvaso, G.; Jereczek-Fossa, B.A.; Corrao, G.; Raimondi, S.; Bellerba, F.; Ciceri, S.; et al. Association between Alcohol Intake and Prostate Cancer Mortality and Survival. Nutrients 2023, 15, 925. [Google Scholar] [CrossRef]

	



Friedenreich, C.M.; Neilson, H.K.; Farris, M.S.; Courneya, K.S. Physical Activity and Cancer Outcomes: A Precision Medicine Approach. Clin. Cancer Res. 2016, 22, 4766–4775. [Google Scholar] [CrossRef] [PubMed]

	



Kenfield, S.A.; Chan, J.M. More Evidence That Physical Activity Is Beneficial for Prostate Cancer. Prostate Cancer Prostatic Dis. 2022, 25, 383–384. [Google Scholar] [CrossRef]

	



Bergengren, O.; Pekala, K.R.; Matsoukas, K.; Fainberg, J.; Mungovan, S.F.; Bratt, O.; Bray, F.; Brawley, O.; Luckenbaugh, A.N.; Mucci, L.; et al. 2022 Update on Prostate Cancer Epidemiology and Risk Factors-A Systematic Review. Eur. Urol. 2023, 84, 191–206. [Google Scholar] [CrossRef]

	



Liu, R.; Wu, S.; Zhang, B.; Guo, M.; Zhang, Y. The Association between Sleep Duration and Prostate Cancer: A Systematic Review and Meta-Analysis. Medicine 2020, 99, e21180. [Google Scholar] [CrossRef]

	



García-Perdomo, H.A.; Gómez-Ospina, J.C.; Chaves-Medina, M.J.; Sierra, J.M.; Gómez, A.M.A.; Rivas, J.G. Impact of Lifestyle in Prostate Cancer Patients. What Should We Do? Int. Braz. J. Urol. 2022, 48, 244–262. [Google Scholar] [CrossRef]

	



El-Atta, H.M.A.; El-Bakary, A.A.; Attia, A.M.; Lotfy, A.; Khater, S.S.; Elsamanoudy, A.Z.; Abdalla, H.A. DNA Fragmentation, Caspase 3 and Prostate-Specific Antigen Genes Expression Induced by Arsenic, Cadmium, and Chromium on Nontumorigenic Human Prostate Cells. Biol. Trace Elem. Res. 2014, 162, 95–105. [Google Scholar] [CrossRef]

	



Ngalame, N.N.O.; Tokar, E.J.; Person, R.J.; Waalkes, M.P. Silencing KRAS Overexpression in Arsenic-Transformed Prostate Epithelial and Stem Cells Partially Mitigates Malignant Phenotype. Toxicol. Sci. 2014, 142, 489–496. [Google Scholar] [CrossRef]

	



Xu, Y.; Tokar, E.J.; Sun, Y.; Waalkes, M.P. Arsenic-Transformed Malignant Prostate Epithelia Can Convert Noncontiguous Normal Stem Cells into an Oncogenic Phenotype. Environ. Health Perspect. 2012, 120, 865–871. [Google Scholar] [CrossRef]

	



Ngalame, N.N.O.; Makia, N.L.; Waalkes, M.P.; Tokar, E.J. Mitigation of Arsenic-Induced Acquired Cancer Phenotype in Prostate Cancer Stem Cells by miR-143 Restoration. Toxicol. Appl. Pharmacol. 2016, 312, 11–18. [Google Scholar] [CrossRef]

	



Benbrahim-Tallaa, L.; Waterland, R.A.; Dill, A.L.; Webber, M.M.; Waalkes, M.P. Tumor Suppressor Gene Inactivation during Cadmium-Induced Malignant Transformation of Human Prostate Cells Correlates with Overexpression of de Novo DNA Methyltransferase. Environ. Health Perspect. 2007, 115, 1454–1459. [Google Scholar] [CrossRef]

	



Wu, R.; Cui, Y.; Yuan, X.; Yuan, H.; Wang, Y.; He, J.; Zhao, J.; Peng, S. SUMO-Specific Protease 1 Modulates Cadmium-Augmented Transcriptional Activity of Androgen Receptor (AR) by Reversing AR SUMOylation. Toxicol. Lett. 2014, 229, 405–413. [Google Scholar] [CrossRef] [PubMed]

	



Buñay, J.; Kossai, M.; Damon-Soubeyrant, C.; De Haze, A.; Saru, J.-P.; Trousson, A.; de Joussineau, C.; Bouchareb, E.; Kocer, A.; Vialat, M.; et al. Persistent Organic Pollutants Promote Aggressiveness in Prostate Cancer. Oncogene 2023, 42, 2854–2867. [Google Scholar] [CrossRef]

	



Haque, M.; Francis, J.; Sehgal, I. Aryl Hydrocarbon Exposure Induces Expression of MMP-9 in Human Prostate Cancer Cell Lines. Cancer Lett. 2005, 225, 159–166. [Google Scholar] [CrossRef]

	



Lavender, N.; Hein, D.W.; Brock, G.; Kidd, L.C.R. Evaluation of Oxidative Stress Response Related Genetic Variants, Pro-Oxidants, Antioxidants and Prostate Cancer. AIMS Med. Sci. 2015, 2, 271–294. [Google Scholar] [CrossRef] [PubMed]

	



Drozdz-Afelt, J.M.; Koim-Puchowska, B.B.; Kaminski, P. Analysis of Oxidative Stress Indicators in Polish Patients with Prostate Cancer. Environ. Sci. Pollut. Res. Int. 2022, 29, 4632–4640. [Google Scholar] [CrossRef]

	



Bulka, C.M.; Jones, R.M.; Turyk, M.E.; Stayner, L.T.; Argos, M. Arsenic in Drinking Water and Prostate Cancer in Illinois Counties: An Ecologic Study. Environ. Res. 2016, 148, 450–456. [Google Scholar] [CrossRef] [PubMed]

	



Roh, T.; Lynch, C.F.; Weyer, P.; Wang, K.; Kelly, K.M.; Ludewig, G. Low-Level Arsenic Exposure from Drinking Water Is Associated with Prostate Cancer in Iowa. Environ. Res. 2017, 159, 338–343. [Google Scholar] [CrossRef]

	



Benbrahim-Tallaa, L.; Webber, M.M.; Waalkes, M.P. Mechanisms of Acquired Androgen Independence during Arsenic-Induced Malignant Transformation of Human Prostate Epithelial Cells. Environ. Health Perspect. 2007, 115, 243–247. [Google Scholar] [CrossRef]

	



Severson, P.L.; Tokar, E.J.; Vrba, L.; Waalkes, M.P.; Futscher, B.W. Agglomerates of Aberrant DNA Methylation Are Associated with Toxicant-Induced Malignant Transformation. Epigenetics 2012, 7, 1238–1248. [Google Scholar] [CrossRef] [PubMed]

	



Martin, M.B.; Voeller, H.J.; Gelmann, E.P.; Lu, J.; Stoica, E.-G.; Hebert, E.J.; Reiter, R.; Singh, B.; Danielsen, M.; Pentecost, E.; et al. Role of Cadmium in the Regulation of AR Gene Expression and Activity. Endocrinology 2002, 143, 263–275. [Google Scholar] [CrossRef] [PubMed]

	



Julin, B.; Wolk, A.; Johansson, J.-E.; Andersson, S.-O.; Andrén, O.; Akesson, A. Dietary Cadmium Exposure and Prostate Cancer Incidence: A Population-Based Prospective Cohort Study. Br. J. Cancer 2012, 107, 895–900. [Google Scholar] [CrossRef]

	



Murray, I.A.; Patterson, A.D.; Perdew, G.H. Aryl Hydrocarbon Receptor Ligands in Cancer: Friend and Foe. Nat. Rev. Cancer 2014, 14, 801–814. [Google Scholar] [CrossRef] [PubMed]

	



Moore, R.W.; Fritz, W.A.; Schneider, A.J.; Lin, T.-M.; Branam, A.M.; Safe, S.; Peterson, R.E. 2,3,7,8-Tetrachlorodibenzo-p-Dioxin Has Both pro-Carcinogenic and Anti-Carcinogenic Effects on Neuroendocrine Prostate Carcinoma Formation in TRAMP Mice. Toxicol. Appl. Pharmacol. 2016, 305, 242–249. [Google Scholar] [CrossRef]

	



Fan, J.; Lin, R.; Xia, S.; Chen, D.; Elf, S.E.; Liu, S.; Pan, Y.; Xu, H.; Qian, Z.; Wang, M.; et al. Tetrameric Acetyl-CoA Acetyltransferase 1 Is Important for Tumor Growth. Mol. Cell 2016, 64, 859–874. [Google Scholar] [CrossRef]

	



Alwadi, D.; Felty, Q.; Roy, D.; Yoo, C.; Deoraj, A. Environmental Phenol and Paraben Exposure Risks and Their Potential Influence on the Gene Expression Involved in the Prognosis of Prostate Cancer. Int. J. Mol. Sci. 2022, 23, 3679. [Google Scholar] [CrossRef]

	



Davies, A.; Conteduca, V.; Zoubeidi, A.; Beltran, H. Biological Evolution of Castration-Resistant Prostate Cancer. Eur. Urol. Focus. 2019, 5, 147–154. [Google Scholar] [CrossRef]

	



Rago, V.; Perri, A.; Di Agostino, S. New Therapeutic Perspectives in Prostate Cancer: Patient-Derived Organoids and Patient-Derived Xenograft Models in Precision Medicine. Biomedicines 2023, 11, 2743. [Google Scholar] [CrossRef]

	



Zhao, Y.; Shuen, T.W.H.; Toh, T.B.; Chan, X.Y.; Liu, M.; Tan, S.Y.; Fan, Y.; Yang, H.; Lyer, S.G.; Bonney, G.K.; et al. Development of a New Patient-Derived Xenograft Humanised Mouse Model to Study Human-Specific Tumour Microenvironment and Immunotherapy. Gut 2018, 67, 1845–1854. [Google Scholar] [CrossRef]

	



Béraud, C.; Bidan, N.; Lassalle, M.; Lang, H.; Lindner, V.; Krucker, C.; Masliah-Planchon, J.; Potiron, E.; Lluel, P.; Massfelder, T.; et al. A New Tumorgraft Panel to Accelerate Precision Medicine in Prostate Cancer. Front. Oncol. 2023, 13, 1130048. [Google Scholar] [CrossRef]

	



Pamarthy, S.; Sabaawy, H.E. Patient Derived Organoids in Prostate Cancer: Improving Therapeutic Efficacy in Precision Medicine. Mol. Cancer 2021, 20, 125. [Google Scholar] [CrossRef]

	



Liu, L.; Yu, L.; Li, Z.; Li, W.; Huang, W. Patient-Derived Organoid (PDO) Platforms to Facilitate Clinical Decision Making. J. Transl. Med. 2021, 19, 40. [Google Scholar] [CrossRef] [PubMed]

	



Zhou, L.; Zhang, C.; Zhang, Y.; Shi, C. Application of Organoid Models in Prostate Cancer Research. Front. Oncol. 2021, 11, 736431. [Google Scholar] [CrossRef] [PubMed]

	



Gulley, J.L.; Borre, M.; Vogelzang, N.J.; Ng, S.; Agarwal, N.; Parker, C.C.; Pook, D.W.; Rathenborg, P.; Flaig, T.W.; Carles, J.; et al. Phase III Trial of PROSTVAC in Asymptomatic or Minimally Symptomatic Metastatic Castration-Resistant Prostate Cancer. J. Clin. Oncol. 2019, 37, 1051–1061. [Google Scholar] [CrossRef]

	



Antonarakis, E.S.; Piulats, J.M.; Gross-Goupil, M.; Goh, J.; Ojamaa, K.; Hoimes, C.J.; Vaishampayan, U.; Berger, R.; Sezer, A.; Alanko, T.; et al. Pembrolizumab for Treatment-Refractory Metastatic Castration-Resistant Prostate Cancer: Multicohort, Open-Label Phase II KEYNOTE-199 Study. J. Clin. Oncol. 2020, 38, 395–405. [Google Scholar] [CrossRef] [PubMed]

	



Dorff, T.B.; Blanchard, M.S.; Adkins, L.N.; Luebbert, L.; Leggett, N.; Shishido, S.N.; Macias, A.; Del Real, M.M.; Dhapola, G.; Egelston, C.; et al. PSCA-CAR T Cell Therapy in Metastatic Castration-Resistant Prostate Cancer: A Phase 1 Trial. Nat. Med. 2024, 30, 1636–1644. [Google Scholar] [CrossRef] [PubMed]

	



Fang, B.; Lu, Y.; Li, X.; Wei, Y.; Ye, D.; Wei, G.; Zhu, Y. Targeting the Tumor Microenvironment, a New Therapeutic Approach for Prostate Cancer. Prostate Cancer Prostatic Dis. 2024. [Google Scholar] [CrossRef]

	



Lang, J.; Zhao, X.; Qi, Y.; Zhang, Y.; Han, X.; Ding, Y.; Guan, J.; Ji, T.; Zhao, Y.; Nie, G. Reshaping Prostate Tumor Microenvironment To Suppress Metastasis via Cancer-Associated Fibroblast Inactivation with Peptide-Assembly-Based Nanosystem. ACS Nano 2019, 13, 12357–12371. [Google Scholar] [CrossRef]

	



Wu, T.; Wang, W.; Shi, G.; Hao, M.; Wang, Y.; Yao, M.; Huang, Y.; Du, L.; Zhang, X.; Ye, D.; et al. Targeting HIC1/TGF-β Axis-Shaped Prostate Cancer Microenvironment Restrains Its Progression. Cell Death Dis. 2022, 13, 624. [Google Scholar] [CrossRef] [PubMed]

	



Eigentler, A.; H