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Abstract
Nonmetastatic castration-resistant prostate cancer (nmCRPC) - defined as prostate-specific antigen (PSA) > 2 ng/mL, testosterone castration levels < 1.7 nm/L, and the absence of metastatic lesions on conventional imaging (computed tomography or bone scan) - has been defined as a lethal disease by the Prostate Cancer Work Group. One-third of patients with prostate cancer who receive androgen deprivation therapy for biochemical recurrence after local treatment will develop CRPC, with death occurring an average of 2.5 years after diagnosis of castration resistance. Most patients diagnosed with nmCRPC are asymptomatic or minimally symptomatic at diagnosis due to local treatment. In patients with short PSA doubling times (< 10 mo) and high baseline PSA levels, there is a high risk of bone metastases followed by prostate cancer-related mortality. These patients also present significant morbidity that negatively impacts quality of life (QoL). Recently, the results of three randomized trials (PROSPER, SPARTAN, and ARAMIS) were published. Those trials evaluated the efficacy of three different androgen receptor inhibitors - enzalutamide, apalutamide, and darolutamide - in patients with nmCRPC. In all three trials, the study drugs improved both metastasis-free survival and overall survival compared to placebo, plus on-going androgen deprivation therapy without a negative impact on QoL. In patients with nmCRPC, the most important clinical objective is early detection and treatment to maintain a low tumor burden and to prolong the symptom-free interval. For patients with nmCRPC, these novel drugs offer new hope for better QoL and survival outcomes.
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Core Tip: The main focus of this editorial is to review novel treatments for nonmetastatic castration-resistant prostate cancer (nmCRPC). The three-practice changing pivotal randomized controlled trials - PROSPER, SPARTAN, and ARAMIS - are reviewed. We discuss the findings of these trials, emphasizing the strengths of the studies and critically examining controversies related to the diagnosis of nmCRPC and the role of advanced imaging techniques and molecular determinants.

INTRODUCTION
Nonmetastatic castration-resistant prostate cancer (nmCRPC) - defined by the Prostate Cancer Working Group[1] as a prostate-specific antigen (PSA) level > 2 ng/mL and testosterone castration level < 1.7 nm/L, without evidence of metastasis on conventional radiographic imaging techniques [computed tomography (CT) or bone scans] - is considered lethal in the absence of effective treatments to extend overall survival (OS). It is estimated that 30% of patients who receive androgen deprivation therapy (ADT) for biochemical recurrence after local treatment will develop CRPC, and most of these patients will die from the disease, on average, 2.5 years from diagnosis of castration resistance.
Due to local treatment of the primary tumor, most cases of nmCRPC are asymptomatic or minimally symptomatic at diagnosis, even though most of these patients are considered “high risk” due to rapid (< 10 mo) PSA doubling time (PSADT) and high baseline PSA values. Consequently, the risk of developing bone metastases (M1) and/or prostate cancer-related mortality is high. For this reason, early identification of patients with castration resistance should be prioritized to offer effective treatments. In this regard, it is crucial to keep in mind that patients with M1 bone involvement will present substantial morbidity with a significant loss of quality of life (QoL)[2,3].
Recently, the results of three randomized trials (SPARTAN, PROSPER, and ARAMIS)[4-6] were published in high-impact scientific journals. These trials were performed to evaluate second-generation antiandrogens (enzalutamide, apalutamide, and darolutamide), known as androgen receptor inhibitors (ARIs). These agents significantly increased both metastasis-free survival (MFS) - the primary objective - and OS - the secondary objective - vs placebo, plus on-going ADT in patients with nmCRPC. In all three trials, adverse effects (AEs) were minimal, and QoL was excellent. These results were achieved mainly through early diagnosis and treatment, which helped to maintain a low tumor burden and to minimize symptoms in these patients for a prolonged period of time.
The emergence of these new novel agents offers new expectative to patients with nmCRPC, providing them with a remarkable opportunity for better survival outcomes (MFS and OS) while maintaining excellent QoL. In the present editorial, we review and discuss the most relevant clinical, biological, and radiographic aspects related to the diagnosis and treatment of nmCRPC.

WHY SHOULD WE TREAT NMCRPC?
Clinical evidence
The results of the aforementioned pivotal clinical trials SPARTAN, PROSPER, and ARAMIS were published between February 2018 and February 2019. The study design of these trials was quite similar, involving patients diagnosed with high-risk nmCRPC, with a rapid PSADT (≤ 10 mo) and an Eastern Cooperative Oncology Group performance status of 0-1. The patients were randomized (2:1 ratio) to receive the study drug (apalutamide, enzalutamide, or darolutamide) or placebo, plus on-going ADT. These potent ARIs prevent androgen-receptor translocation, DNA binding, and receptor-mediated transcription. Structurally, the drugs are quite similar, although with several differentiating characteristics. For example, darolutamide has less capacity to penetrate the central nervous system (blood-brain barrier) and low affinity for the γ-aminobutyric acid type A receptor, which theoretically confers a lower risk of AEs in the brain compared to enzalutamide and apalutamide[6].
The primary endpoint in all three trials was MFS. Secondary endpoints included OS, time to bone-related events, time to initiation of chemotherapy, progression-free survival (PFS), time to PSA progression, and time to pain progression, among others. The enrolment in each study ranged from 1200 to 1500 patients. Today, is it clear that MFS is an “intermediate event” (surrogate) that can predict OS. In this regard, the Food and Drug Administration has recognized that a substantial delay in the onset of metastasis is a clinically-relevant endpoint[7,8].
Although the trials are not directly comparable, they do share many characteristics: More than 70% of patients had Eastern Cooperative Oncology Group status 0, more than 70% had a PSADT < 6 mo, and only 3%-11% received bone-targeted therapies from the beginning diagnosis of nmCRPC. In addition, both the SPARTAN and ARAMIS trials - but not PROSPER - included patients with N1 disease. Only the SPARTAN study assessed PFS2 as a secondary endpoint. Treatment-related toxicity was assessed every 4 wk in the SPARTAN trial vs every 16 wk in the ARAMIS and PROSPER studies.
All three trials achieved the main endpoint (MFS): SPARTAN [hazard ratio (HR) 0.28; 95% confidence interval (CI): 0.23-0.35; P < 0.0001), PROSPER (HR 0.29; 95%CI: 0.24-0.35; P < 0.0001), and ARAMIS (HR 0.41; 95%CI: 0.34-0.50, P < 0.001). The low HR in these trials is noteworthy, as it is unusual in the field of oncology to observe such low values in three consecutive trials. These findings show that distant metastases or death decreased by 59%-72% in patients treated with the study drugs vs placebo. Moreover, administration of these novel agents in patients with nmCRPC extended MFS by approximately 2 years (Table 1).
The OS rates for these trials - a highly anticipated secondary objective - were recently published, showing a significant reduction in mortality risk in the treatment arms, as follows: SPARTAN, 22%; PROSPER, 27%; and ARAMIS, 31%. Median OS in patients treated with apalutamide was 73.9 mo vs 59.9 mo in the placebo group. The corresponding OS values for enzalutamide were 67 mo vs 56.3 mo. OS values have not reached for darolutamide. These findings indicate that treatment with ARIs extended OS by approximately 1 year.

Should we assess molecular determinants in nmCRPC?
In a post hoc analysis of the SPARTAN study, Saad et al[9] used the DECIPHER® platform (Decipher Biosciences Inc., San Diego, CA, United States) to evaluate the molecular subtypes associated with a decrease in PSA values and with survival outcomes. Those authors stratified patients into risk groups according to their genomic classifier (GC) scores - GC > 0.6 (high risk) vs GC ≤ 0.6 (low-to-average risk) and also stratified patients according to the molecular subtype (basal or luminal A/B). The biomarker characteristics of these patients revealed the presence of aggressive disease. A total of 116 patients (50%) had a GC > 0.6 (high risk), 151 patients (65%) had a basal subtype vs 8 patients with the luminal A subtype. Importantly, apalutamide improved survival outcomes in all patients, regardless of the specific molecular subtype. Patients treated with apalutamide plus ADT presented a rapid and constant decrease in PSA levels, regardless of the specific molecular characteristics (high or low-average GC, basal/luminal subtype). The patients who presented the largest decrease in PSA levels were those with a low-risk GC profile and those with the luminal subtype. Treatment with apalutamide plus ADT improved both MFS and OS compared to placebo in all molecular subtypes, although the greatest benefits were observed in those with high-risk GC and the luminal subtype.
Although there is not strong evidence to support that earlier initiation of ARIs in patients with nmCRPC may result in a more aggressive molecular subtype or clinical stage, it is a controversial issue.
Smith et al[10] evaluated the frequency of AR anomalies, including AR-V7 expression, AR mutations, and AR amplification, before and after treatment with apalutamide plus ADT. In addition, they examined the impact on the exploratory endpoint PFS2 and time on subsequent therapy in patients with nmCRPC who were enrolled in the phase 3 SPARTAN study. Frequency of total AR anomalies was higher in patients at end of treatment than at baseline for both the apalutamide and placebo groups (apalutamide vs placebo at baseline: 16% vs 13% and at end of treatment: 20% vs 30%). Most patients with AR anomalies in the apalutamide group achieved a PSA response at 12 wk. Following the end of apalutamide or placebo treatment, individual AR anomalies did not have a substantial effect on PFS2.
There is a clear need to determine molecular subtypes in prostate cancer to identify better the clinical subgroups likely to benefit from specific therapies[11].

Do apalutamide, enzalutamide, and darolutamide have different toxicity profiles?
To date, no head-to-head randomized studies have been performed to compare these three agents, although the available evidence clearly shows that all three have a relatively safe toxicity profile. The overall rate of grade 3/4 AEs in the three trials was approximately 24%, with the most common AEs being hypertension, fatigue, erythema, falls, fractures, and cognitive alterations. The rates of AEs reported seem to be lower in the darolutamide study. Apalutamide has a unique rash reported in 23.8% of patients (grade 3-4 4.2%). Most of them were solved, allowing to continue treatment. The discontinuation rate due to treatment-emergent AEs was quite low, ranging from 8.9% to 15% (apalutamide 15%, enzalutamide 9.8%, darolutamide 8.9%), and few treatment-related deaths have been reported.
Selection of the most appropriate first-line drug will depend on the clinical, biological, and logistical factors at the individual treatment center as well as on availability and cost of the agent, among other factors. In other words, selection will be personalized according to the specific needs of each patient.

Have any meta-analyses been performed for nmCRPC?
Two study level meta-analyses of the three randomized trials have been performed to date[12,13], the most recent being the meta-analysis conducted by the Toronto group, presented at the American Society of Clinical Oncology 2020 meeting[12]. In that meta-analysis, the authors evaluated survival outcomes and treatment-related toxicity in the three trials, finding a clear benefit for all three agents vs placebo for MFS (HR 0.32; 95%CI: 0.25-0.41), PFS (HR 0.08; 95%CI: 0.05-0.13), and OS (HR 0.74; 95%CI: 0.61-0.90). In terms of grade 3-4 toxicity, treatment with these agents was associated with significantly more AEs than placebo (HR 1.47; 95%CI: 1.27-1.71).

Does local treatment provide any benefit in nmCRPC?
There is no solid evidence that treatment (radiotherapy or surgery) of the primary tumor has any benefit in patients with PCa who subsequently develop nonmetastatic castration-resistance, although the findings of the STAMPEDE trial[14] demonstrated that hormone-sensitive metastatic patients with a low tumor burden who received radiotherapy presented better OS outcomes than untreated patients.
A post hoc analysis of the SPARTAN trial[15] assessed the impact of initial radical local treatment on OS. In patients who received local treatment, the hazard ratio for OS was better in the apalutamide group (HR 0.67; 95%CI: 0.45-0.98), with a clear and consistent separation between the apalutamide and placebo groups on the Kaplan-Meier OS curves after 15 mo. In the subset of patients who did not receive radical local treatment, although the HR was still favorable for the apalutamide group (HR, 0.82), it was not statistically significant.
The mechanism by which local treatment impacts survival in patients with metastatic PCa is unknown. A plausible mechanism is that eradication (or debulking) of the local tumor may prevent future metastases from the primary tumor. Although this hypothesis should be interpreted cautiously, there is enormous interest in determining the value of definitive local treatment in patients with nmCRPC, an approach that warrants investigation in prospective studies.

What role do new imaging techniques play in patients with nmCRPC?
Conventional imaging tests - CT, bone scans, and pelvic magnetic resonance imaging - were performed in all three trials, and the overall evidence suggests that conventional imaging techniques are adequate. However, newer imaging modalities such as choline 68Ga-prostate-specific membrane antigen positron emission tomography (PSMA-PET)/CT have greater sensitivity and specificity than conventional imaging tests[16,17] and are capable of detecting metastatic lesions that are not visible on conventional imaging. These more advanced imaging techniques could potentially provide important data to improve decision-making. In fact, the RADAR III group[18] recently concluded that next-generation imaging techniques should be used in patients with nmCRPC who present a rapid (< 6 mo) PSADT, provided that there is an appropriate treatment available to treat the metastases and alter the course of disease.
The most relevant data published to date were reported by Fendler et al[19], who retrospectively evaluated 200 patients with high-risk nmCRPC. In that study, the authors centrally reviewed data obtained by PSMA-PET imaging to determine the detection rate for pelvic disease and distant metastases, which was positive in 196 of the 200 patients evaluated. Overall, despite negative conventional imaging studies, PSMA-PET imaging revealed pelvic involvement in 44% of the sample (24% with local prostate bed recurrence) and M1 disease in 55%.

QoL in nmCRPC
All three trials evaluated treatment-related QoL. Overall, the findings from these three trials indicate that, in asymptomatic patients with high-risk nmCRPC, treatment with ARIs does not appear to impact negatively health-related QoL[20]. In recent years, the association between second-generation antiandrogens and health-related QoL has been assessed not only in nmCRPC but also in hormone-sensitive metastatic prostate cancer. The available data strongly support the use of these drugs, which have proven efficacious with acceptable treatment-related toxicity that does not negatively impact QoL. In short, the introduction of these new agents has generated a revolutionary impact in the treatment of patients with nmCRPC.

CONCLUSION
To conclude, nonmetastatic CRPC is a heterogeneous, aggressive, and lethal clinical disease. If left untreated, most high-risk nmCRPC patients develop significant symptoms with a substantial deterioration in QoL, leading to a rapid death. However, the published data from clinical trials have shown that treatment with these novel ARIs (enzalutamide, apalutamide, and darolutamide) significantly improves MFS, OS, and QoL. Moreover, all of these agents have a low toxicity profile and can therefore be used safely.
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Table 1 Metastasis-free survival in patients with nonmetastatic castration-resistant prostate cancer in the SPARTAN, PROSPER, and ARAMIS randomized controlled trials
	Objective: MFS
	n
	HR for MFS
	95%CI; P value

	Apalutamide vs placebo (SPARTAN)
	1207
	0.28
	0.23-0.35; < 0.0001

	Enzalutamide vs placebo (PROSPER)
	1401
	0.29
	0.24-0.35; < 0.0001

	Darolutamide vs placebo (ARAMIS)
	1509
	0.41
	0.34-0.50; < 0.001


CI: Confidence interval; HR: Hazard ratio; MFS: Metastasis-free survival.
