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Abstract


Metastatic hormone-sensitive prostate cancer (mHSPCa) presents de novo or represents significant disease progression and requires systemic treatment. However, progression to castration resistance is inevitable. The treatment landscape has evolved with the introduction of intensified systemic therapy, including androgen deprivation therapy (ADT) combined with either androgen receptor signaling inhibitors (ARSIs) or cytotoxic chemotherapy (doublet therapy) or combined therapy with both agents (triplet therapy). Landmark trials such as CHAARTED, STAMPEDE, LATITUDE, ENZAMET, and TITAN have established combination therapies as the standard of care, demonstrating significant overall survival benefits. More recently, triplet therapy—integrating ADT, docetaxel, and an ARSI—has emerged as an effective approach, particularly in high-volume metastatic disease, as supported by ARASENS and PEACE-1. Advances in imaging, such as PSMA PET-CT, have improved disease detection, allowing earlier detection of metastasis and appropriate therapy. Similarly, genomic profiling has enabled biomarker-driven, personalized treatment strategies. The role of treatment of the primary tumor, by either radiation therapy or cytoreductive prostatectomy, in low-volume disease continues to be explored. As novel therapies, targeted agents, and immunotherapies undergo investigation, optimizing treatment selection based on disease burden, molecular characteristics, and patient factors will be essential. The future of mHSPCa management lies in multidisciplinary, precision-based approaches to improve patient outcomes while balancing treatment efficacy and tolerability.
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1. Introduction


Prostate cancer (PCa) is a major global and national health concern. The American Cancer Society projects that in 2025, there will be approximately 314,000 new cases and 35,000 deaths due to PCa, making it the most commonly diagnosed, non-skin cancer in American men and the second leading cause of cancer-related mortality [1,2]. In recent years, the incidence of both localized and metastatic prostate cancer (PCa) has increased [2,3,4,5]. Notably, the annual rise in metastatic PCa has accelerated from 0.58% (2008–2012) to 2.74% (2012–2014), reaching 4–6% between 2015 and 2019 [6,7]. While the exact drivers of this trend remain uncertain, it may, in part, reflect the residual impact of the 2008 and 2012 U.S. Preventive Services Task Force (USPSTF) recommendations against routine PSA screening in asymptomatic men, resulting in more men presenting with advanced-stage disease [4,8,9].



While five-year disease-specific survival rates of localized PCa approach 99% [1,2,10], once PCa metastasizes, the prognosis worsens significantly, with a five-year disease-specific survival rate of just 37%, based on National Cancer Institute data from 2014–2020 [10]. Given ongoing advancements in metastatic prostate cancer treatment, a deeper understanding of the epidemiology, disease progression, and therapeutic strategies for metastatic prostate cancer and its various subtypes is crucial to improving patient outcomes.



Metastatic prostate cancer that no longer responds to conventional androgen deprivation therapy is classified as castration-resistant prostate cancer (CRPC). Rather than representing a formal stage progression, CRPC is best viewed as a recurrent disease characterized by disease progression despite castrate-level serum testosterone (traditionally <50 ng/dL) [11], often indicated by persistently elevated or rising PSA levels. CRPC carries a poorer prognosis than metastatic hormone sensitive prostate cancer (mHSPCa), with a median survival of 25.6 months after progression [12]. Currently, the preference would be to drive testosterone levels below 20 ng/dL, as recommended by the Bethesda Consensus group [13,14]. Consequently, preventing the development of castration-resistant disease and effectively treating those with mHSPCa is critical for improving overall outcomes.



Established non-modifiable risk factors for the development and severity of PCa include advanced age, Black race, family history, and the presence of germline mutations [15,16,17,18]. Germline mutations such as BRCA1/2, ATM, PTEN, and HOXB13, along with the cumulative impact of various single nucleotide polymorphisms (SNPs), have been identified as significant contributors and may shape future therapies targeting vulnerabilities in mHSPCa. As survival duration for metastatic PCa continues to improve, there is a growing focus on developing predictive models to identify patients at increased risk of rapid disease progression [19,20]. This aligns with the 2024 update to the National Comprehensive Cancer Network (NCCN) guidelines for prostate cancer and the 2023 revision of the American Urological Association (AUA) guidelines for advanced prostate cancer, both of which emphasize the adoption of novel targeted therapies and the integration of advanced imaging modalities to enhance disease characterization and guide individualized treatment selection [21,22]. This review aims to define mHSPCa and provide a comprehensive overview of landmark clinical trials to support clinicians in making evidence- based, patient-centered management decisions.




2. Classification and Diagnosis of mHSPCa


According to the AUA guidelines, mHSPCa is defined as PCa that has metastasized to distant sites but remains responsive to androgen deprivation therapy (ADT) [23]. Similarly, the National Comprehensive Cancer Network (NCCN) guidelines characterize mHSPCa as metastatic disease identified through imaging and clinical evaluation, typically managed using systemic therapies such as ADT in combination with additional treatment modalities [24].



The diagnosis of mHSPCa heavily relies on advanced imaging technologies for the accurate detection of metastatic lesions. While conventional imaging modalities such as computed tomography (CT) and bone scans are widely utilized as initial diagnostic tools, the broad adoption of advanced imaging techniques—particularly prostate-specific membrane antigen positron emission tomography (PSMA PET) and whole-body MRI—has markedly improved the sensitivity and specificity of detecting metastatic disease [25]. The landmark proPSMA trial, which included 203 men with high-risk localized prostate cancer, randomized participants to undergo either conventional imaging or PSMA PET-CT. Results demonstrated that PSMA PET-CT had significantly higher diagnostic accuracy (92%) compared to conventional imaging (65%) in identifying pelvic nodal or distant metastases [26]. Additionally, PSMA PET-CT reduced equivocal findings, led to more frequent management changes (28% vs. 15%), and resulted in lower radiation exposure. Subsequent studies have affirmed PSMA PET-CT as the gold standard for detecting both low-volume and high-volume disease due to its exceptional ability to identify micrometastatic disease that may be missed by conventional imaging [27,28,29]. Several alternative radioligands to PSMA have been investigated, including C-11/F-18 choline, F-18 piflufolastat, F-18 fluciclovine, and F-18 sodium fluoride, though they are not widely used in clinical practice [30]. Among these, C-11/F-18 choline is the most extensively studied; however, its relatively low sensitivity and positive predictive value limit its clinical utility [31].



A critical aspect of mHSPCa management is its classification into low-volume and high-volume disease, as this stratification significantly influences prognosis and treatment planning. This classification system, originally established by the CHAARTED trial, defines high-volume disease as the presence of visceral metastases or ≥4 bone metastases with ≥1 outside the vertebral column or pelvis [32]. Conversely, low-volume disease lacks these features. Patients with low-volume disease generally have a more favorable prognosis and may benefit from treatment approaches such as systemic therapy combined with localized interventions like radiotherapy or prostate surgery [33,34]. Patients with high-volume disease often face a more aggressive disease course and are more likely to benefit from intensified systemic therapies such as triplet treatment (ADT, docetaxel, and an androgen receptor signaling inhibitor) [24]. For instance, the ARASENS trial, which evaluated these multimodal regimens, demonstrated the greatest survival benefit among patients with high-volume disease, while patients with low-volume disease did not derive the same degree of benefit [35]. Since the reporting of this trial, clinical guidelines have increasingly emphasized volume-based stratification to individualize therapeutic strategies [21,22]. As such, accurate disease volume assessment using sensitive imaging modalities like PSMA PET-CT is essential for identifying eligible candidates for intensified regimens.




3. Key Clinical Trials and Treatment Strategies


While surgical castration has been a key treatment for mHSPCa since the 1940s, by the 1990s, medical castration, also known as androgen deprivation therapy (ADT), had become the cornerstone of treatment for men with mHSPCa (Figure 1). In the last decade, several clinical trials evaluating combination therapies based on novel hormonal agents and chemotherapy have demonstrated significant improvements in overall survival (OS) and progression, revolutionizing the therapeutic landscape. A comparison of major clinical trials of therapeutic options for mHSPCa can be seen in Table 1.



3.1. Doublet Therapy


Docetaxel was the first agent to show significant survival benefits when combined with ADT in metastatic CRPC [36]. In September 2015, the CHAARTED trial established that adding docetaxel to ADT improved OS by 17 months compared to ADT alone, with a more pronounced effect in patients with high-volume disease (HR 0.63, 95% CI 0.50–0.79) [32]. However, patients with low-volume disease failed to demonstrate a survival benefit (HR 1.04, 95% CI 0.70–1.55). These findings have suggested the need for tailored treatment strategies, likely due to the heterogeneity in tumor biology and pathophysiology that underlies high-volume and low-volume disease.



The STAMPEDE trial further expanded on these findings, demonstrating that docetaxel, when combined with ADT, consistently reduced the risk of death across all metastasis-burden subgroups (OS) HR 0.81, 95% CI 0.69–0.95, p = 0.009) [37]. The trial’s innovative multi-arm, multi-stage design allowed for the evaluation of multiple treatment strategies simultaneously. In contrast, the GETUG-15 trial, which also evaluated docetaxel with ADT and was published in 2016, did not achieve a statistically significant OS benefit, likely due to its smaller sample size and lower statistical power [38]. Nevertheless, the results of GETUG-15 suggested a trend favoring docetaxel, particularly in high-volume disease, prompting the authors to recommend discussing chemotherapy as a treatment option for these patients. Finally, a meta-analysis of CHAARTED and GETUG-15 further clarified the role of docetaxel, demonstrating significant survival benefits for patients with high-volume metastatic disease (HR 0.68, 95% CI 0.56–0.82, p < 0.001) [39]. Collectively, these trials established docetaxel as a standard addition to ADT in the treatment of high-volume mHSPCa and as an important consideration for selected patients with low-volume disease. Reflecting this evidence, the STAMPEDE trial adjusted its design after 2015, incorporating docetaxel into the standard-of-care control arm [40].




3.2. Abiraterone


Abiraterone acetate is a potent inhibitor of 17α-hydroxylase/C17,20-lyase, enzymes required for androgen biosynthesis [41]. Since its introduction, abiraterone has emerged as an important drug in the management of mHSPCa, particularly among patients exhibiting two or more high-risk features: visceral disease, a Gleason score of ≥8, or the presence of ≥3 lesions on a bone scan. Abiraterone is co-administered with prednisone to ameliorate potential adverse side effects of the medication. Trial results published in July of 2017 in the LATITUDE study were pivotal in establishing the efficacy of abiraterone. The addition of abiraterone and prednisone to ADT significantly improved OS (48.2 months vs. 36.5 months) and radiographic progression-free (rPFS) survival. This combination led to a 38% reduction in mortality compared to ADT alone [42,43]. Two years later, Arm G of the STAMPEDE trial provided additional evidence in support of using abiraterone in a broader population, including patients with both high- and low-risk mHSPCa. At a median follow-up of 40 months, the STAMPEDE trial demonstrated that abiraterone in combination with ADT demonstrated an OS benefit in a group of 1917 men. A 37% relative improvement in survival was noted with an HR of 0.63 (95% CI, 0.52–0.76, p < 0.0001) [44]. Beyond its survival benefits, abiraterone delayed the time to skeletal-related events and significantly improved quality of life [45]. These results make abiraterone an appealing option for patients who are unable to tolerate chemotherapy.




3.3. Enzalutamide


Building on the success of abiraterone as an androgen synthesis inhibitor, focus shifted to alternative strategies targeting the androgen signaling pathway. In this context, enzalutamide emerged as a second-generation androgen receptor signaling inhibitor (ARSI). Also published in early 2019, the ENZAMET trial randomized 1125 mHSPCa patients to receive ADT plus standard non-steroidal anti-androgen or ADT plus enzalutamide [46]. At three years, OS was 8% higher in the enzalutamide group when compared to the standard non-steroidal antiandrogen group, corresponding to an HR for death of 0.67 (95% CI 0.52–0.86, p = 0.002). Importantly, patients who did not receive concurrent docetaxel experienced the most pronounced OS benefit (HR 0.53, 95%CI 0.37–0.75), underscoring enzalutamide’s potential as an alternative to chemotherapy, especially among those who cannot tolerate the side effects of the taxane class of medications. By late 2019, the ARCHES trial confirmed the efficacy of enzalutamide, demonstrating a reduction in the risk of radiographic progression and death in the enzalutamide group among a cohort of 1150 men already receiving lifetime ADT [47].




3.4. Apalutamide


Apalutamide, another ARSI, has demonstrated its efficacy in the management of mHSPCa. The TITAN trial, published in July 2019, evaluated the addition of apalutamide to ADT and showed significant improvements in both OS and progression-free survival (PFS) compared to ADT alone [48]. At 24 months, the OS rate was 82.4% in the apalutamide group versus 73.5% with ADT alone, corresponding to an HR for death of 0.67 (95% CI, 0.51–0.89; p = 0.005). Importantly, the benefits of apalutamide were observed across all subgroups, suggesting its high capability regardless of disease volume at treatment initiation. In addition to clear survival improvement, patients who received apalutamide maintained their baseline health-related quality of life. Apalutamide has demonstrated a favorable side-effect profile, making it an appealing option for individuals who may be more vulnerable to the toxicities of chemotherapy. Common adverse effects observed more often in the apalutamide arm were rash and hypothyroidism.




3.5. Triplet Therapy


Building on the success of doublet therapy and the emergence of novel antiandrogen agents, recent research has focused on exploring combination strategies to further enhance treatment outcomes. Triplet therapy, combining ADT, docetaxel, and ARSI, has emerged as a promising approach in the treatment of mHSPCa. The results of the ARASENS (published in May 2022) and PEACE-1 (published in December 2021) trials have cemented the viability of this treatment strategy. The ARASENS study was conducted as a phase 3 trial of 1306 men with mHSPCa which evaluated the addition of darolutamide, another ARSI, to traditional doublet therapy, and demonstrated a marked improvement in OS at four years (62.7% vs. 50.4%) compared to docetaxel plus ADT alone [49]. Adverse events were similar in the two groups, with incidences of most common adverse events occurring during the overlapping docetaxel treatment period in both groups. Notably, results from the ARANOTE trial, published in 2024, suggested that darolutamide may be efficacious within the context of triplet therapy. While this phase 3 study failed to identify a statistically significant reduction in the risk of death with darolutamide plus ADT compared to ADT alone (HR 0.81, 95% CI 0.59–1.12), it did observe a significantly lower risk of rPFS (HR 0.54, 95% CI 0.41–0.71, p < 0.001) [50]. Similar to ARASENS, PEACE-1 investigated the addition of abiraterone to ADT and docetaxel, showing significant benefits for OS (HR 0.82, 95.1% CI 0.69–0.98, p < 0.001) and rPFS (HR 0.54, 99.9% CI 0.41–0.71, p < 0.001), particularly in patients with high-volume disease [51]. These results underline the importance of intensifying initial treatment for select patients to maximize long-term survival benefits.




3.6. Radiation Therapy


Radiation therapy to the primary tumor, combined with ADT, has been investigated as a treatment option for mHSPCa in several key trials. The STAMPEDE trial (arm H) and the HORRAD trial specifically evaluated the addition of external beam radiotherapy (EBRT) to ADT versus ADT alone in men with metastatic prostate cancer. Within the STAMPEDE trial, which included 2061 men with newly diagnosed metastatic disease, a 2020 secondary subgroup analysis revealed that men with low-volume metastatic disease experienced a significant improvement in three-year survival with the addition of radiotherapy (81% vs. 73%, HR 0.68, 95% CI 0.52–0.90, p = 0.007) [40]. Radiotherapy was also associated with improved failure-free survival across all patients, including those with both low-volume and high-volume disease (HR 0.76, 95% CI 0.68–0.84, p < 0.001). However, no OS benefit was observed across all patients regardless of disease burden, suggesting a targeted benefit for low-volume disease.



The HORRAD trial, reported in 2018, which randomized 432 men with PSA > 20 ng/mL and primary bone metastases to receive ADT with or without EBRT, similarly observed mixed results with the addition of radiotherapy [52]. While there was no statistically significant difference in OS between the EBRT plus ADT group (45 months) and the ADT-alone group (43 months, p = 0.4), a reduction in PSA progression was noted in the radiotherapy group (HR 0.78; 95% CI 0.63–0.97, p = 0.02). Consequently, it is thought that the addition of radiotherapy could provide benefits in certain patient populations, but the selection criteria remain unclear.



In addition to its contributions to advancing triplet therapy, the PEACE-1 trial offered further insights into the role of radiotherapy in combination with systemic treatments [51]. PEACE-1 implemented a 2 × 2 factorial design randomly assigning 1172 men to receive standard of care, standard of care plus radiotherapy, standard of care plus abiraterone, and standard of care plus abiraterone and radiotherapy. At a median follow-up of 6.9 years, the trial concluded that the addition of local radiotherapy to any treatment regimen did not result in an improvement in OS (HR 0.98, 95% CI 0.74–1.28, p = 0.86).



In 2021, the STOPCAP systematic review and meta-analysis, incorporating data from the STAMPEDE, HORRAD, and PEACE-1 trials, concluded that radiotherapy does not universally improve OS when added to ADT in mHSPCa [53]. However, the analysis highlighted significant benefits in biochemical PFS and FFS, particularly among men with low metastatic burden. Taken together, the available clinical evidence suggests that radiotherapy to the primary tumor should not be considered an effective option in men with metastatic PCa (Figure 1).





 





Table 1. Comparison of clinical trials for therapeutic options in the management of mHSPCa.
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	Therapy
	Trial
	Mechanism of Action
	N
	Inclusion Criteria
	HR for Death
	Progression-Free Survival

HR
	Adverse Events





	Docetaxel + ADT vs. ADT alone [32]
	CHAARTED
	Chemohormonal therapy
	790
	Radiologic evidence of metastatic disease
	Overall cohort:

0.72 (0.59–0.89)
	*C: 0.62 (0.51–0.75)
	Neutropenia, febrile neutropenia



	Docetaxel + ADT vs. ADT alone [37]
	STAMPEDE ARM C
	Chemohormonal therapy
	2962
	mPCa patients initiating hormone therapy
	Overall cohort:

0.78 (0.66–0.93)
	*C: 0.61 (0.53–0.71)
	Neutropenia, febrile neutropenia



	Docetaxel + ADT vs. ADT alone [38]
	GETUG-15
	Chemohormonal therapy
	385
	Patients with metastatic disease
	Overall cohort:

** 1.01 (0.75–1.36)
	*R: 0.75 (0.58–0.97)
	Neutropenia



	Abiraterone + prednisone + ADT vs. ADT alone [42,54]
	LATITUDE
	Androgen biosynthesis inhibitor
	1199
	High-risk mHSPCa
	Overall cohort:



0.66 (0.56–0.78)
	*R: 0.45 (0.40–0.51)
	Hypertension, hypokalemia



	Abiraterone + ADT vs. ADT alone [44]
	STAMPEDE ARM G
	Androgen biosynthesis inhibitor
	1917
	mPCa patients initiating hormone therapy
	Overall cohort:

0.63 (0.52–0.76)
	*C: 0.29 (0.25–0.34)
	Hypertension, respiratory disorders



	Enzalutamide + ADT vs. NSAA SOC [46]
	ENZAMET
	Androgen receptor signaling inhibitor
	1125
	Patients with metastatic disease
	Overall cohort:

0.70 (0.58–0.84)
	*B: 0.39 (0.33–0.47)
	Fatigue, seizures



	Enzalutamide + ADT vs. ADT alone [47]
	ARCHES
	Androgen receptor signaling inhibitor
	1150
	Patients with metastatic disease
	Overall cohort:

0.66 (0.53–0.81)
	*R: 0.39 (0.30–0.50)
	Fatigue, hypertension



	Apalutamide + ADT vs. ADT alone [48]
	TITAN
	Androgen receptor signaling inhibitor
	1052
	Patients with metastatic disease
	Overall cohort:

0.52 (0.42–0.64)
	*R: 0.48 (0.39–0.60)
	Rash, hypothyroidism



	Darolutamide + Docetaxel + ADT vs. docetaxel + ADT [35,49]
	ARASENS
	Multimodal
	1306
	Candidates for doublet therapy
	High-volume cohort:

0.69 (0.57–0.82)
	*C: 0.36 (0.30–0.42)
	Neutropenia



	Darolutamide + ADT vs. ADT [50]
	ARANOTE
	Androgen receptor signaling inhibitor
	669
	Patients with metastatic disease
	Overall cohort:

** 0.81 (0.59–1.12)
	*R: 0.54 (0.41–0.71)
	Fatigue



	Abiraterone + docetaxel + ADT vs. docetaxel + ADT [51]
	PEACE-1
	Multimodal
	1173
	De novo mHSPCa with high metastatic burden
	Overall cohort:

0.82 (0.69–0.98)
	*R: 0.54 (0.41–0.71)
	Neutropenia, hypertension



	EBRT + ADT + docetaxel vs. ADT + docetaxel [40]
	STAMPEDE ARM H
	Radiation therapy
	2061
	mPCa patients initiating hormone therapy
	Overall cohort:

** 0.92 (0.80–1.06)
	** 0.96 (0.85–1.08)
	Urinary incontinence



	EBRT + ADT vs. ADT alone
	HORRAD
	Radiation therapy
	432
	Newly diagnosed mHSPCa with PSA > 20
	Overall cohort:

** 0.9 (0.70–1.14)
	B: 0.78 (0.63–0.97)
	Bowel and urinary symptoms



	EBRT + ADT
	STOPCAP
	Radiation therapy
	N/A
	N/A
	Overall cohort:

** 0.92 (0.81–1.04)
	B: 0.74 (0.67–0.82)
	N/A







*R—radiographic progression-free survival; *B—biochemical progression-free survival; *C—clinical progression-free survival. **—no statistically significant difference.
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Figure 1. Timeline of key clinical trials and FDA drug approvals in mHSPCa. 
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4. Personalized Treatment Considerations and Patient Selection


Despite the high utility of recently discovered and approved therapies for mHSPCa, there is limited head-to-head data comparing efficacy and adverse event profiles among therapeutic options, restricting the development of definitive treatment algorithms [21]. Understanding the therapeutic benefits as well as the distinct side-effect profiles and contraindications of available therapies is essential for optimizing patient care.



Docetaxel exhibits a similar adverse effect profile to medications within the taxane class, including peripheral neuropathy and myalgias [55]. In the CHAARTED trial, docetaxel was associated with a 2% increase in grade 3–4 hypersensitivity reactions and infections with neutropenia, a 4% increase in grade 3 fatigue, and a 1% or lower incidence in stomatitis, grade 3 diarrhea, and neuropathies compared to placebo [55]. The most clinically significant adverse event was febrile neutropenia, with incidence rates of 6% in CHAARTED and 8% and 12% in the GETUG-AFU15 and STAMPEDE trials, respectively [56]. Consequently, docetaxel should not be prescribed in patients with concurrent neutropenia, significant neuropathies or a history of severe hypersensitivity reactions.



Abiraterone has been linked to hepatotoxicity, as well as increased rates of hypokalemia (9%) and hypertension (10%) in the LATITUDE trial [42,57]. As such, patients with Child-Pugh Class C hepatic impairment should be carefully monitored if abiraterone is used. The likely mechanism by which abiraterone causes hypertension is through the accumulation of excess mineralocorticoids. Thus, concurrent hypokalemia or uncontrolled hypertension are relative contraindications and should be optimized prior to abiraterone therapy.



ARSIs—including apalutamide, enzalutamide, and darolutamide—share common adverse effects associated with ADT such as hot flashes, fatigue, anemia, osteoporosis, and weight gain [58,59]. Enzalutamide, evaluated in the PREVAIL trial, demonstrated particularly high rates of hot flash episodes (17%), hypertension (57%), and falls (22%), with 7% of patients experiencing grade 3+ hypertensive events [59]. Notably, seizure risks observed in the AFFIRM, PREVAIL, and TITAN trials have led to the addition of warning labels by the FDA for both enzalutamide and apalutamide [60]. Within this class, enzalutamide is considered the least safe due to its pronounced seizure and hypertensive risk profile. The TITAN trial identified increased rates of rash (18.6%), hypothyroidism (5.4%), and ischemic heart disease (2.9%) with apalutamide treatment [48]. In contrast, darolutamide demonstrated a more favorable safety profile in the ARASENS trial, with only modest increases in hypertension (4.5%) and rash (3%) [49]. This improved tolerability is likely due to darolutamide’s limited capacity to cross the blood–brain barrier, but findings from the ARANOTE trial suggest this may come at the cost of reduced efficacy, as the addition of darolutamide did not improve OS [50,58]. Meanwhile, radiotherapy, as evaluated in the STAMPEDE trial with a median follow-up of 37 months (IQR 24–48 months), exhibited a comparatively mild side-effect profile, with less than a 1% increase in proctitis, cystitis, hematuria, and urethral stricture [40]. However, recent evidence suggests that prostate radiotherapy may increase the long-term risk of secondary rectal and bladder cancers, which are associated with worse survival outcomes compared to their primary counterparts [61,62].



Given the current uncertainty regarding the comparative efficacy of different mHSPCa treatment combinations, treatment decisions should be individualized, based on patient goals of care, drug tolerances, comorbidities, economic considerations, and clinician expertise. Recent studies have examined factors associated with the choice of mHPSCa management recommendations. Among these, physician comfort, familiarity with new therapeutics, and specialty are associated with prescription patterns. For example, a retrospective analysis of Medicare payor data demonstrated that urologists more frequently opted to prescribe enzalutamide over abiraterone/prednisone, which was more frequently used by medical oncologists [63]. Understanding variation between the uptake and utilization of novel therapeutics will be crucial to more effective implementation, particularly within communities that experience disparate access to care [64,65]. Regardless, once a personalized treatment plan is established, both physicians and patients must remain flexible and be prepared to pivot swiftly if necessary, recognizing the urgency of effectively managing mHSPCa.




5. Emerging Therapies and Future Research in mHSPCa


The treatment landscape for mHSPCa is evolving rapidly, with numerous promising ongoing clinical trials investigating novel therapeutic combinations. One area of focus is the combination of targeted therapies with traditional treatments to improve patient outcomes for those with alterations in protein signaling pathways. In particular, the PI3K-Akt-mTOR pathway has been identified as critical to the development and progression of PCa [66]. In fact, evidence suggests that patients with more advanced stage or castration-resistant disease are more likely to present with alterations, causing the pathway to be constitutively active [67,68]. One ongoing trial is exploring the combination of standard doublet therapy with the addition of small molecule protein kinase B (Akt) inhibitors, such as capivasertib in men with PTEN-deficient mHSPCa tumors [69]. Currently, there are no approved AKT inhibitors for mHSPCa.



The use of poly (ADP-ribose) polymerase inhibitors (PARPi) is another burgeoning area of research in the treatment of PCa. Olaparib, rucaparib, and talzoparib were first studied for clinical use among patients with CRPC in the PROfound, TRITON, and TALAPRO trials, respectively. These drugs were shown to improve OS for men with homologous recombination repair deficiencies and thus achieved FDA approval by 2023. EvoPAR-Prostate01 is a Phase III, randomized, controlled trial assessing the utility of saruparib, another PARPi, among mHSPCa patients with and without homologous recombination repair (HRR) mutations [70]. Similarly, niraparib, another PARPi, is being evaluated in the AMPLITUDE trial in conjunction with prednisone and abiraterone for patients with mHSPCa who have germline or somatic HRR mutations [71]. The results of the AMPLITUDE trail are expected to be reported in 2025.



Furthermore, due to the success of triplet therapy demonstrated in ARASENS and PEACE-1, rezvilutamide, a new ARSI, was evaluated in the CHART phase 3 trial. At second interim analysis, rezvilutamide and ADT significantly improved OS when compared to bicalutamide and ADT (HR 0.58, 95%CI 0.33–0.58, p < 0.001) [72]. The optimal duration of treatment is being evaluated in a randomized, factorial assignment clinical trial which began recruitment in June 2023 [73]. This study also aims to assess differences in rPFS at 6-, 12-, 18-, and 24-month treatment intervals.



Cytoreductive radical prostatectomy (cRP) alongside systemic therapy is also an area of active investigation. In other genitourinary malignancies, especially renal cell carcinoma, the addition of cytoreductive surgery has demonstrated benefits for progression and survival [74]. The rationale for local treatment of the primary tumor is that by eliminating the primary tumor, patients can effectively achieve local symptom control and reduce metastasis spread, thus enhancing the efficacy of systemic treatment [33]. The TRoMbone clinical trial first established that the randomization of cRP with systemic therapy could be feasible with no substantial impact on quality of life [34]. Evidence regarding optimal patient selection for cytoreductive radical prostatectomy is mixed. Retrospective analyses have generally identified patients with low-volume metastatic disease as the most likely to benefit from cRP [75,76]. In contrast, population-based studies have reported survival advantages associated with cRP irrespective of metastatic burden [77,78].



Two trials aiming to evaluate combining cRP with standard-of-care therapy are underway [79,80]. SIMCAP, conducted within the United States and Asia Pacific, is a randomized phase 2.5 trial which began in 2018 and is expected to report on differences in failure-free survival in 2027. The SWOG 1802 clinical trial, which also began international recruitment in 2018, is expected to be the first study to provide phase 3 evidence evaluating the efficacy of cRP, particularly in terms of OS. Simultaneously, another phase III clinical trial, conducted in China, began patient recruitment in 2016 and is expected to report on rPFS and the safety of the intervention arm by 2028.



Immune checkpoint inhibitors, including those that target programmed cell death protein 1 (PD-1) have become a key management option for patients with advanced bladder and kidney cancer. The efficacy of these immunotherapeutics for high-volume mHSPCa are actively evaluated in the PROSTRATEGY trial, which aims to combine immune checkpoint inhibitors, including nivolumab and ipilimumab, with traditional doublet therapy in patients with high-volume mHSPCa [81]. Given the success of immunotherapy in other genitourinary malignancies, their inclusion in clinical trials for PCa is promising and may present possibilities for new treatment combinations in mHSPCa.



The management of mHSPCa is increasingly incorporating biomarker-driven therapies to enhance treatment precision. Liquid biopsies, which identify blood-based abnormalities like circulating tumor DNA (ctDNA) and circulating tumor cells (CTCs), are a promising option to dynamically assess tumor characteristics. Detection of AR-V7 variants in CTCs, for instance, has been associated with tumor resistance to ARSIs [82]. Additionally, targeted sequencing of ctDNA can better identify candidates for PARPi therapy [83]. The ProBio trial is a biomarker-driven platform trial aimed at personalizing treatment for PCa [84]. In this study, patients are randomized to either a control arm (standard care) or an experimental arm based on biomarker signatures from tissue or liquid biopsies. Using an adaptive Bayesian framework and a sequential multiple assignment trial (SMART) approach, the trial continuously adjusts randomization to identify the most effective therapies, offering a personalized strategy to improve outcomes in prostate cancer treatment.




6. Conclusions


The treatment landscape for mHSPCa has evolved significantly, with combination therapies, including ADT plus ARSIs or chemotherapy, now being the standard of care. Recent advancements, such as triplet therapy, biomarker driven treatments, and emerging targeted agents, offer promising strategies to further improve outcomes. Precision medicine, guided by genomic profiling and advanced imaging, is shaping a more personalized approach to treatment. As ongoing clinical trials continue to refine therapeutic strategies, optimizing treatment selection based on disease burden, molecular characteristics, and patient factors remains critical in delaying disease progression and improving survival.
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The following abbreviations are used in this manuscript:



	mHSPCa
	Metastatic Hormone-Sensitive Prostate Cancer



	CRPC
	Castration-Resistant Prostate Cancer



	PCa
	Prostate Cancer



	ADT
	Androgen Deprivation Therapy



	ARSI
	Androgen Receptor Signaling Inhibitor



	OS
	Overall Survival



	rPFS
	Radiographic Progression-Free Survival



	PFS
	Progression-Free Survival



	PSA
	Prostate-Specific Antigen



	USPSTF
	United States Preventive Services Task Force



	AUA
	American Urological Association



	NCCN
	National Comprehensive Cancer Network



	CT
	Computer Tomography



	MRI
	Magnetic Resonance Imaging



	PSMA PET-CT
	Prostate-Specific Membrane Antigen Positron Emission Tomography-Compute Tomography



	EBRT
	External Beam Radiotherapy



	SNP
	Single Nucleotide Polymorphism



	HR
	Hazard Ratio



	FDA
	Food and Drug Administration



	PD-1
	Programmed Cell Death Protein 1



	PARPi
	Poly (ADP-ribose) Polymerase Inhibitor



	HRR
	Homologous Recombination Repair



	SMART
	Sequential Multiple Assignment Randomized Trial



	cRP
	Cytoreductive radical prostatectomy
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