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Abstract
The number of treatment options for metastatic hormone-sensitive prostate cancer has increased substantially in recent years. The classic treatment approach for these patients—androgen-deprivation therapy alone—is now considered suboptimal. Several randomized phase III clinical trials have demonstrated significant clinical benefits—including significantly better overall survival and quality of life—for treatments that combine androgen-deprivation therapy with docetaxel, abiraterone acetate, enzalutamide, apalutamide, and/or radiotherapy to the primary tumour. As a result, these approaches are now included in treatment guidelines and considered standard of care. However, the different treatment strategies have not been directly compared, and thus treatment selection remains at the discretion of the individual physician or, ideally, a multidisciplinary team. Given the range of available treatment approaches with varying toxicity profiles, treatment selection should be individualized based on the patient’s clinical characteristics and preferences, which implies active patient participation in the decision-making process. In the present document, we discuss the changing landscape of the management of patients with metastatic hormone-sensitive prostate cancer in the context of several recently-published landmark randomized trials. In addition, we discuss several unresolved issues, including the optimal sequencing of systemic treatments and the incorporation of local treatment of the primary tumour and metastases.
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Core Tip: Due to advances in the treatment of metastatic hormone-sensitive prostate cancer in recent years, multiple options are now available. The emergence of androgen receptor inhibitors provides patients with an alternative to chemotherapy. Given the increasingly important role of these novel treatments, a comprehensive review of the available data is needed. In addition, there are several unresolved questions and controversies surrounding these treatments, which can only be resolved by in-depth analysis and consensus among the specialists who treat these patients.

INTRODUCTION
In 1941, the researchers Huggins and Hodges demonstrated, for the first time, that it was possible to reduce tumour volumes in prostate cancer (PCa) and improve disease-related symptoms through orchiectomy or estrogen therapy. This important finding was later recognized with the Nobel Prize in Physiology. Since then, androgen-deprivation therapy (ADT) has been the standard therapy for patients with newly-diagnosed metastatic PCa. In most cases, ADT is achieved with luteinizing hormone-releasing hormone (LHRH) analogues (leuprorelin, goserelin, and/or triptorelin)[1]. While the use of LHRH antagonists is less common, it may increase in the near future due to the recent development of oral LHRH antagonists (e.g., relugolix)[2].
The estimated initial response rate of the primary tumour and metastases to ADT ranges from 60% to 80%[3,4]. However, the prognosis of patients with metastatic disease is poor. For this reason, various clinical trials have been conducted in recent years to evaluate the benefit of treatment intensification in these patients[5,6].
Randomized trials performed in the year 2013 were mainly focused on determining the relative value of intermittent vs continuous ADT in selected patients[7]. However, just a few years later, the positive results of two phase III trials, the CHAARTED trial and the multi-arm STAMPEDE trial (arm C), both of which confirmed the superiority of docetaxel plus ADT, led to a paradigm shift. Consequently, this combined treatment approach became the new standard of care in selected patients[8,9]. In the CHAARTED trial, patients were stratified according to disease volume (high vs low). High-volume metastatic disease was defined as the presence of visceral metastases and/or ≥ 4 bone lesions (with at least one located outside of the vertebral column or pelvis). Patients who did not meet at least one of these two criteria were considered to have low-volume disease[8]. This definition is important given the benefits observed in overall survival (OS) in patients with high-volume disease (CHAARTED criteria) treated with docetaxel. In fact, the main European guidelines[10] now recommend docetaxel in these patients. However, conclusive data regarding the magnitude of effect of this treatment in patients with low-volume disease are not available[11,12]. Despite the limitations of the CHAARTED definition, it has been subsequently used in the design of clinical studies in the same clinical setting[13-15].
Since then, we have witnessed the successive publication of five randomized clinical trials in which classic ADT (LHRH analogues) combined with androgen receptor signaling inhibitors (ARSi) were compared to ADT alone or, in some trials, to first-generation anti-androgens[13-17]. The positive results of those trials supporting treatment intensification (i.e. combination therapy) raises new questions regarding the superiority of ARSi vs docetaxel and how to select the most appropriate ARSi for each patient.
Abiraterone acetate was the first ARSi to demonstrate efficacy in metastatic PCa. The findings of the LATITUDE[16] and STAMPEDE trials (arm G)[17] demonstrated that abiraterone acetate combined with ADT significantly reduced mortality risk while prolonging radiographic progression-free survival (rPFS). The long-term outcomes (median follow-up, 51.8 mo) of the LATITUDE trial were recently reported, confirming the initial findings of the trial and showing that 66% of patients treated with combination therapy survived at 5 years[18]. Subsequent quality of life (QoL) and cost-effectiveness studies further supported these findings; as a result, abiraterone acetate became the first ARSi approved for the treatment of metastatic hormone-sensitive PCa (mHSPC). Although there were differences between the two trials in terms of the type of metastatic patients (high risk de novo PCa in LATITUDE and any metastatic or non-metastatic patient in the STAMPEDE trial), the results of both trails showed that combination therapy provided a clinical benefit in all patient profiles[19]. However, the Food and Drug Administration (FDA) and the European Medicines Agency only approved this treatment for de novo high-risk patients, defined in the LATITUDE trial[18] as patients presenting at least two of the following three characteristics: ≥ 3 bone lesions; measurable visceral disease; and Gleason score ≥ 8. In these patients, median survival (53.3 mo) was virtually identical to that obtained with docetaxel (51.2 mo) in the CHARTEED trial[8] in patients with high-volume disease, even though the patient profiles in those two trials differed substantially, making it difficult to directly compare the results from these two trials.
The phase III ENZAMET[13] and ARCHES[14] trials, both published in 2019, confirmed the value of enzalutamide in patients with mHSPC, thus supporting the use of enzalutamide plus ADT in these patients. Although the clinical profile of the patients in the two studies was similar, there were clear differences in study design (Table 1). For example, in the ENZAMET study[13] patients were allocated to receive either enzalutamide plus ADT or first-generation antiandrogens plus ADT; by contrast, the ARCHES[14] trial compared enzalutamide plus ADT to ADT plus placebo. Similarly, there were also differences in the primary endpoints: OS in the ENZAMET trial and rPFS in the ARCHES trial. 
At a median follow-up of < 36 mo, the results of the ENZAMET trial confirmed a benefit for the study drug (improved rPFS) in all subgroups, with a 3-year OS of 80% in the enzalutamide plus ADT arm vs 72% in the comparison arm (ADT plus first-generation antiandrogens [bicalutamide, flutamide, or nilutamide]). Based on these results, the FDA approved enzalutamide for the treatment of mHSPC in December 2019. However, the European Medicines Agency considered that the survival data are immature and has not, therefore, added this indication to the drug label.
The TITAN[15] study, a randomized clinical trial involving 1052 patients, confirmed the clinical utility of apalutamide, which now forms part of the therapeutic arsenal for the treatment of mHSPC. At a median follow-up of 22.7 mo, both OS and rPFS were comparable to outcomes obtained with abiraterone acetate and enzalutamide in patients with a similar clinical profile (Table 2). At 2 years of follow-up, there was a significant reduction in both mortality risk (33%) and radiographic progression (52%). Based on these data, the FDA approved treatment in June 2019, with the following indication on the drug label “in adult men for the treatment of mHSPC in combination with androgen deprivation therapy”. However, the risk groups were not specified on the drug label, in contrast to abiraterone acetate, due to the broader inclusion criteria of the TITAN trial. 
With regard to ARSi in patients with low-volume disease, patients in the ARCHES and ENZAMET trials[13,14] were stratified by disease burden (high vs low-volume disease, CHAARTED criteria). The findings of those trials provided further support for the potential utility of ARSi in patients with low-volume disease beyond the usual treatment indication in high-volume, high risk patients.
The optimal treatment for mHSPC remains controversial, mainly because abiraterone acetate and docetaxel yield comparable results. However, the expected regulatory approval of apalutamide and enzalutamide (pending regulatory processes in multiple regions) is likely to end this debate. Most patients diagnosed with mHSPC are asymptomatic at diagnosis, which is why it is important to maintain QoL in these patients. A recent comparison of QoL in patients in arms C (docetaxel + ADT) and G (abiraterone acetate + ADT) in the STAMPEDE trial showed better results for abiraterone acetate, especially in the first year treatment[20]. Patients must be informed of these relevant results, which should be taken into account in the treatment selection process. 
There is also some controversy surrounding the treatment indication in patients with significant comorbidities given that their systematic exclusion from most phase III trials. As a result, treatment selection in these cases largely depends on studies with lower levels of evidence and on the treating specialist’s experience with these drugs in other clinical settings for which they are approved. In any case, an individualized assessment of each patient should be performed to determine the most appropriate treatment, which should also take into account differences in the side-effect profiles of second-generation antihormonal therapies. Similarly, cost-effectiveness and the optimal sequencing of these drugs with docetaxel are also key factors to consider[21,22]. Unfortunately, the optimal sequence is not known due to the lack of data from randomized clinical trials. The mechanism of action of docetaxel differs from that of second-generation antiandrogens. Therefore, administration of docetaxel in patients with progressive disease after treatment with these second-generation antiandrogens would conceivably eliminate treatment-resistant cell clones (regardless of the specific androgen receptor pathway), thereby permitting the use of another ARSi in patients who develop progression.
Treatment of the primary tumour with surgery or radiotherapy plays an important role in treatment outcomes. The role of radiotherapy to the primary was evaluated in both the HORRAD[23] and STAMPEDE trials (arm H)[24], adding another dimension to the discussion about the indication for radiotherapy in metastatic disease. The available evidence for surgical treatment of the primary tumour in this clinical setting is contradictory, and the evidence to support its use is weak[25,26]. However, the role of surgery is currently being evaluated in large trials, which will help to determine the value of this approach in this clinical setting. By contrast, the results of the STAMPEDE trial (arm H) confirmed a statistically significant benefit for radiotherapy to the primary in terms of improved 3-yr OS (increase of 8%) in patients with low-volume disease (CHAARTED criteria). Even though the study design did not stratify patients into low- and high-volume disease, an in-depth analysis of the trial results confirmed the validity of stratification according to metastatic burden, leading the authors to conclude that radiotherapy to the primary should be considered the new standard of care in low-volume mHSPC given that it does not worsen local symptomatic events[27]. However, there is some uncertainty regarding the magnitude of benefit of radiotherapy in patients who receive systemic treatment with docetaxel, abiraterone acetate, enzalutamide, or apalutamide given that only 18% of patients in the H arm of the STAMPEDE trial received chemotherapy, and none received second-generation antihormonal therapy. In this regard, the results of the PEACE-1 trial (NCT01957436) are expected to resolve this question when they are published.
Another important unresolved question—despite a growing body of favourable data—is the role of stereotactic body radiotherapy to the bone and/or lymph node metastases in oligometastatic patients. Conceivably, stereotactic body radiotherapy should complement the positive effects of radiotherapy to the primary combined with systemic therapy, although the magnitude of the benefit of administering all three treatments remains unknown.

CONCLUSION
Androgen receptor inhibitors, whose clinical utility was first demonstrated in advanced PCa, now are part of the therapeutic arsenal for mHSPC. Given the demonstrated superiority ARSi plus ADT vs ADT alone, the indication for ADT monotherapy is now limited to patients with significant comorbidity and a short life expectancy, or to patients who refuse combination therapy, despite the clear benefits. 
Chemotherapy has shown a clear benefit as initial treatment in patients with high-volume disease. However, selection of the “optimal” treatment must take into account the toxicity profile of the treatment as well as its impact on QoL, especially given the wide array of alternative treatments—including abiraterone acetate, enzalutamide, and apalutamide—all of which have shown excellent clinical results with substantially less toxicity than chemotherapy and thus less of a negative impact on QoL.
Currently, radiotherapy to the primary tumour is considered the new standard of care in patients with low-volume disease, at least until results are published to clarify the impact of treatment intensification, including both the treatment of metastatic lesions and the combination of local treatments with novel systemic therapies.
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Table 1 Characteristics of the randomized phase 3 trials of second-generation antihormonal treatments in metastatic hormone-sensitive prostate cancer
	Trial
	Treatment
	n
	 Inclusion criteria
	Stratification
	Main objective
	Secondary objectives

	LATITUDE (Fizazi K et al[16]) 2017
	ABIRATERONE 1000 mg + PREDNISONE 5 mg + ADT; PLACEBO + ADT
	597; 602
	High risk con ≥ 2 factors: (1) Gleason 8-10; (2) ≥ 3 bone METS; (3) Evaluable visceral METS; and (4) ECOG PS ≤ 2
	Visceral METS (yes/no); ECOG PS (0, 1/2)
	OS

rPFS
	Time to pain progression; Time to PSA progression; Development of skeletal events; Time to chemotherapy; Time to new treatment; QoL

	STAMPEDE (James et al[17])1 2017
	ABIRATERONE 1000 mg + PREDNISONE 5 mg + ADT; ADT
	502; 500
	Presence of METS
	ECOG PS (0/1, 2); AGE (< 70/≥ 70); Use of steroids (yes/no); Research centre; Indication for RT (yes/no); Type of ADT
	OS
	PFS; Failure-free survival; Cancer-specific survival; Time to skeletal events; Toxicity; QoL

	ENZAMET (Davis et al[13]) 2019
	ENZALUTAMIDE 160 mg + ADT; ANTIANDROGENS (bicalutamide, flutamide or nilutamide) + ADT
	563; 562
	Low and high volume defined: (1) Visceral METS; and (2) ≥ 4 bone METS, at least 1 outside vertebral column or pelvis. ECOG PS ≤ 2
	Volume (high/low); Docetaxel (yes/no); Comorbidities (0-1/2-3); Antiresorptive treatment (yes/no); Research centre
	OS
	PFS; PSA response; Adverse effects; QoL; Cost-effectiveness

	TITAN (Chi et al[15]) 2019
	Apalutamide 240 mg + ADT; PLACEBO + ADT
	525; 527
	LOW AND HIGH VOLUME DEFINED:
(1) Visceral METS + ≥ 1 bone METS; and (2) ≥ 4 bone METS, at least 1 outside vertebral column or pelvis. ECOG PS 0-1; ≥ 1 bone METS on bone scan
	Gleason (≤ 7/≥ 8); Docetaxel (yes/no); Geographic region
	OS; rPFS
	Time to pain progression; Time to opioids; Time to skeletal events; Time to chemotherapy; Time to PSA progression; Survival to 2nd progression; Time to symptomatic local progression; QoL

	ARCHES (Armstrong et al[14]) 2019
	ENZALUTAMIDE 160 mg + ADT; PLACEBO + ADT
	574; 576
	ECOG PS 0-1; low and high volume defined:
(1) Visceral METS; and (2) ≥ 4 bone METS, at least 1 outside vertebral column or pelvis
	Volume (high/low); Docetaxel (no/0-5 cycles/≥ 6)
	rPFS; Evaluated at 24 wk
	Time to PSA progression; Time to skeletal events; Time to new treatment; Undetectable PSA; Objective response rate; OS; Time to worsening of urinary symptoms; Time to pain progression; Time to castration-resistance; Time to QoL worsening; PROS


1Only patients with metastases. ADT: Androgen deprivation therapy; METS: Metastases; OS: Overall survival; PROs: Patient-reported outcomes; PS: Performance status; PSA: Prostate-specific antigen; QoL: Quality of life; rPFS: Radiographic progression-free survival; RT: Radiotherapy.

Table 2 Survival and toxicity results of the phase 3 randomized clinical trials of second-generation antihormonal treatments in metastatic hormone-sensitive prostate cancer
	Trial
	Follow-up in mo
	Main results
	Quality of life
	Toxicity

	LATITUDE
	51.8
	Reduced mortality risk by 34% with abiraterone (P < 0.001); OS at 3 yr (66% vs 49%); median OS (53.3 mo vs 36.5 mo). Reduction in risk of radiographic progression by 53% with abiraterone (P < 0.001) (33 mo vs 14.8 mo)
	Abiraterone improved all QoL-related parameters
	Toxicity grade 3-4: (1) Abiraterone: 63%; (2) Placebo: 48%. Treatment-related deaths: (1) Abiraterone: 5%;(2) Placebo: 4%

	STAMPEDE
	40
	Reduction in mortality risk of 39% with abiraterone (P < 0.001). Reduction in risk of progression of 69% with abiraterone (P < 0.001). Treatment benefit in all patients according to risk group and disease volume
	-
	Toxicity grade ≥ 3: (1) Abiraterone: 47%; and (2) ADT: 33%

	ENZAMET
	33
	Reduction in mortality risk by 67% with enzalutamide (P = 0.002). 3-yr OS (82% vs 72%)
	No SD
	Toxicity grade ≥ 3: (1) Enzalutamide: 58%; and (2) AA: 43%

	TITAN
	22.7
	Reduction in risk of radiographic progression or death by 52% with apalutamide (P < 0.001). 2-yr rPFS (68.2% vs 47.5%). Reduction in mortality risk of 33% with apalutamide (P = 0.005). 2-yr OS (82.4% vs 73.5%). Treatment benefit in all patients according to disease volume, significant in rPFS and OS in high-volume disease
	No SD
	Toxicity grade 3-4: (1) Apalutamide: 42.2%; and (2) Placebo: 40.8%. Treatment-related deaths: (1) Apalutamide: 1.9%; (2) Placebo: 3%

	ARCHES
	14.4
	Reduction in risk of radiographic progression or death of 61% with enzalutamide (P < 0.001) (NR vs 19 mo). OS (P = 0.336). Benefit in rPFS in both high and low volume disease
	No SD
	No SD. Treatment-related deaths: (1) Enzalutamide: 2.4%; (2) Placebo: 1.7%


AA: First-generation antiandrogens; ADT: Androgen deprivation therapy; NR: Not reached; OS: Overall survival; QoL: Quality of life; rPFS: Radiographic progression-free survival; SD: Statistical differences.
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