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Abstract
Prostate carcinoma is a highly prevalent biologically and clinically diverse disease, generally associated with a consistent 
elevation of prostate-specific antigen levels. Castration-resistant prostate cancer represents a heterogeneous clinical setting 
that ranges from patients with an asymptomatic prostate-specific antigen elevation after hormone blockade failure and good 
performance status to patients with significant debilitating symptoms and rapidly progressive disease, leading to death. 
Nonmetastatic castration-resistant prostate cancer is a transient disease stage defined over specific criteria established within 
a sensitive time period. The majority of the patients with nonmetastatic castration-resistant prostate cancer will eventually 
develop metastatic lesions, associated with prostate cancer-specific morbidity and mortality. However, progression to meta-
static disease is a heterogeneous process still not fully understood, with studies suggesting that younger age, high Gleason 
score (> 7), high prostate-specific antigen levels, reduced prostate-specific antigen doubling time (< 6 months), and a rapid 
alkaline phosphatase rise as potentially associated factors. Although the nonmetastatic castration-resistant prostate cancer 
treatment landscape has substantially evolved in recent years, the disease heterogeneity makes treatment decisions for this 
population challenging in the effort to achieve a balance between the risk of disease progression and the toxicity of new 
treatments in patients who often have associated comorbidities, yet are generally asymptomatic. The present article addresses 
the current main challenges in nonmetastatic castration-resistant prostate cancer management, including in diagnosis, owing 
to the development of new imaging modalities with a direct impact in disease detection, prognostic classification, as a result 
of the traditionally oversimplified definition of disease aggressiveness (mainly based on prostate-specific antigen doubling 
time), and patient selection for the most adequate treatment.
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1 Introduction

Prostate carcinoma is a biologically and clinically heteroge-
neous disease with a high prevalence, generally associated 
with a consistent elevation of prostate-specific antigen (PSA) 

levels [1]. It accounts for 7.3% of all cancer globally and 
approximately 7% of patients have metastatic disease at the 
time of initial presentation [2].

According to the Global Cancer Observatory, prostate 
cancer was the second most commonly diagnosed cancer and 
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Key Points 

Nonmetastatic castration-resistant prostate cancer (M0 
CRPC) is a transient disease stage defined over specific 
criteria established within a sensitive time period and the 
majority of the M0 CRPC patients will develop meta-
static lesions, associated with prostate cancer-specific 
morbidity and mortality.

The emergence of highly sensitive imaging modalities 
will challenge the conceptual setting of M0 CRPC, as a 
growing number of patients will be diagnosed with early 
metastatic instead of M0 disease, with direct impact in 
their treatment plan. Nevertheless, considering the lack 
of clinical trials assessing the prognosis of patients with 
metastases detected only by PSMA warrants further 
investigation as to whether PSMA PET/CT should be 
extensively used in high-risk patients.

Recent studies have shown that PSA levels and PSADT 
are important tools in prognostic risk assessment in pros-
tate cancer. However, patient risk stratification should 
be based not only on PSADT, but also in other factors, 
such as time since endocrine therapy, total PSA, Gleason 
score, N1 disease, and tumor histopathology.

The management of the long-time recognized pre-
metastatic CRPC has been recently transformed with the 
approval of new-generation ARi darolutamide, apaluta-
mide, and enzalutamide, which have shown a relevant 
capacity to delay metastatic disease, with a very favora-
ble trade-off regarding adverse events.

PSA rise or biochemical recurrence, and castration-sensitive 
prostate cancer gives rise to castration-resistant prostate can-
cer (CRPC) [9]. The development of resistance has been 
attributed to several mechanisms, spanning from those asso-
ciated with androgen receptor signaling to novel pathways 
acting independently of the androgen axis, such as those 
involving RAS/MAP kinase, transforming growth factor-
beta/SMAD pathway, fibroblast growth factor signaling, 
JAK/STAT pathway, Wnt-Beta catenin, and hedgehog sign-
aling [10–12].

Although the understanding of CRPC has improved over 
the years, it remains a very heterogeneous clinical setting 
that ranges from patients with an asymptomatic PSA eleva-
tion after hormone blockade failure and good performance 
status to those with rapidly progressive disease, significant 
debilitating symptoms, and poor prognosis. Nonmetastatic 
castration-resistant prostate cancer (M0 CRPC) is a transient 
disease stage characterized by castration (testosterone lev-
els < 50 ng/mL) resistance following ADT and the absence 
of detectable metastases in conventional imaging exams, 
together with a progressively rising PSA at an increase 
of 25% from nadir (starting PSA level ≥ 1.0 ng/mL), at a 
minimum rise of 2 ng/mL and confirmed by a second value 
[13–15]. The disease is hence defined by this very specific 
diagnosis established within a sensitive time period.

The real prevalence of M0 CRPC is currently unknown. A 
prevalence model using country-level data estimated that M0 
CRPC accounted for a relatively small proportion (2−8%) 
of the total prostate cancer cases in 2013, anticipating an 
increase in the disease prevalence in upcoming years, owing 
to widespread screening and demographic changes [13].

A relevant proportion of those patients develop metastatic 
lesions, as documented in the study by Moreira et al. show-
ing that around 60% of patients with M0 CRPC progress to 
metastatic disease within 5 years, most of whom within the 
first 3 years [16]. Additionally, Smith et al. reported that 46% 
of men with M0 CRPC develop metastases within 2 years 
[17, 18]. Progression to metastatic disease is a heterogene-
ous process still not fully understood. Evidence in the lit-
erature suggests that younger age, high Gleason score (> 7), 
high PSA levels, reduced PSA doubling time (PSADT; < 6 
months), and a rapid alkaline phosphatase rise are associated 
with progression to metastatic disease [16–19].

The development of metastases is associated with pros-
tate cancer-specific morbidity and mortality [18, 20–22]. 
Metastatic disease to bone, in particular, is linked to skel-
etal-related events, including severe pain, nerve and spinal 
cord compression, pathological fractures, skull base involve-
ment, and the need for radiation and/or surgery, which 
significantly impair patients’ health-related quality of life 
(HRQoL) [23–25].

In Portugal, data regarding M0 CRPC are scarce and not 
systematized. The National Oncological Registry collects 

the fifth leading cause of cancer death among men in 2020 
[3]. Almost 1.4 million new cases and 375,000 deaths have 
been reported worldwide in that year alone, representing a 
substantial health burden. In industrialized countries, pros-
tate cancer is the second most frequent non-dermatological 
cancer in male individuals, and the fourth most common 
cancer in the general population, after lung, breast, and colo-
rectal cancer [3]. The disease represented the fifth leading 
cause of cancer death among men in 2020 [3]. In Portugal, 
the National Oncological Registry reported 5741 new cases 
and 1833 deaths due to prostate cancer in 2018, correspond-
ing to an incidence rate of 78.3/105 [4], and GLOBOCAN 
2020 reported 6759 new cases (20% of all cancers in men) 
and 1917 deaths from prostate cancer [3].

Androgen deprivation therapy (ADT), achieved through 
surgical or chemical castration, is the mainstay of treatment 
for advanced prostate cancer [5–7] and usually induces dis-
ease regression evidenced by radiographic response, PSA 
decline, and clinical improvement [8]. However, despite ini-
tial response, most patients eventually develop a progressive 
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data on prostate cancer, with the last register being from 
2018, but data specifically on M0 CRPC are not contem-
plated. This is an unmet need in the country that should be 
tackled in the near future, retrieving disease-specific data in 
a systematic and structured manner in health institutions, 
similarly to what is done in other European countries, such 
as the Netherlands [26].

Although the M0 CRPC treatment landscape has substan-
tially evolved over recent years, the disease heterogeneity 
makes treatment decisions for these patients a challenge. 
The therapeutic decision for these patients is often diffi-
cult, as the balance between the risk of disease progression 
and toxicity of new treatments in patients who are gener-
ally asymptomatic and often have associated comorbidities 
is precarious. The current main challenges in the disease 
management include diagnosis, with the development of 
newer imaging modalities with a direct impact in disease 
detection—prognostic classification—as a result of the tradi-
tionally oversimplified definition of disease aggressiveness, 
mainly based on PSADT, and patient selection for the most 
adequate treatment, which will be addressed next.

2  Diagnostic Challenges: What is the Impact 
of New Imaging Modalities in M0 CRPC 
Detection?

Prostate cancer staging has been traditionally performed 
through conventional imaging techniques, such as a tech-
netium-99m bone scan and chest, abdomen, and pelvic 
computed tomography (CT). However, these methods have 
limited accuracy to detect prostate cancer metastases. The 
CT scan has a sensitivity of 42% in the detection of meta-
static lymph nodes [27] and a bone scan has a sensitivity 
of 59–79% and a specificity of 75–82% in the detection of 
bone metastases, as shown in the meta-analysis by Shen 
et al. [28].

Novel and more sensitive next-generation imaging modal-
ities have recently emerged as powerful adjuncts or even 
alternatives to conventional imaging methods, increasing 
the diagnostic accuracy in detecting metastatic disease in 
patients with prostate cancer. Among these are the 68Ga-
labeled prostate-specific membrane antigen (PSMA) posi-
tron emission tomography (PET)/CT scan, sodium fluoride 
PET scan, 11C-choline PET/CT scan, and whole-body 
magnetic resonance imaging [29–32]. Eiber et al. showed 
a detection efficacy of 68Ga-PSMA ligand PET/CT from 
96.8 to 57.9%, decreasing from high to low PSA levels 
[29]. In another study, 68Ga-PSMA detected 54% of the 
positive cases [30]. Mosavi and colleagues compared the 
whole-body magnetic resonance imaging with 18F-sodium 
fluoride PET/CT for the detection of bone metastases in 
patients with high-risk prostate carcinoma and found that 

18F-sodium fluoride PET/CT showed a higher number of 
true-positive compared with diffusion weighted imaging 
(higher sensitivity) and a higher number of false-positive 
findings (lower specificity) [31]. In a meta-analysis of the 
available evidence of PET and PET/CT using 11C-choline 
and 18F-fluorocholine as tracers in imaging patients with 
prostate cancer in staging and restaging settings, in stag-
ing patients with proven but untreated prostate cancer, the 
results on a per-patient basis showed a pooled sensitivity of 
84% and a specificity of 79%. On a per-lesion basis, these 
values were 66% and 92%. In restaging patients with bio-
chemical failure after local treatment with curative intent, 
the meta-analysis results on a per-patient basis showed a 
pooled sensitivity of 85% and a specificity of 88% [32].

These tools have improved sensitivity in prostate cancer 
staging and are able to detect metastases earlier than con-
ventional techniques [33, 34], leading to a restaging of the 
disease in patients thought to be in the M0 CRPC stage. 
Prostate-specific membrane antigen is a transmembrane 
glycoprotein that is overexpressed in prostate tumor cells. 
Prostate-specific membrane antigen PET is being progres-
sively adopted as an alternative testing modality in specific 
settings, as it has the potential to more accurately identify 
nodal and distant/bone metastases and differentiate between 
patients with low-volume metastatic disease and M0 dis-
ease. The degree of PSMA expression has been correlated 
with disease aggressiveness [35, 36] and research results of 
restaging in patients with M0 CRPC using PSMA PET have 
been reported [37–39]. A retrospective analysis included 200 
patients with M0 CRPC with no metastases as per conven-
tional imaging and similar characteristics to those included 
in the pivotal trials of new-generation androgen receptor 
inhibitors (ARi), and assessed the presence of metastases 
with PSMA PET [40]. The analysis showed that 55% of 
patients had distant metastatic disease, being in fact incor-
rectly staged as M0. Moreover, pelvic disease was detected 
in 44% of patients. Another study included 30 patients 
with M0 CRPC and identified at least one malignant focus 
through PSMA PET in 90% of them [41]. Prostate-specific 
membrane antigen PET-positive findings were observed in 
100% (n = 20) of patients with PSA levels > 2 ng/mL and in 
70% (n = 10) of those with PSA levels < 2 ng/mL.

Given this body of evidence, the RADAR III group rec-
ommended that if traditional imaging fails to detect meta-
static disease, next-generation imaging can be performed 
only if approved therapies in the low-volume metastatic 
space are being considered [42]. In Portugal, although there 
are no official figures, the use of this method is not uniform 
across the country, with a trend toward greater use in aca-
demic hospitals and oncology centers.

Prostate-specific membrane antigen PET is not routinely 
used in the context of CPRC disease [40]. Importantly, these 
new imaging modalities have not been included in the most 
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recent clinical trials in M0 CRPC of new-generation ARi, 
the SPARTAN [43, 44], PROSPER [45, 46], and ARAMIS 
trials [47, 48]. Most patients in these trials would probably 
have had positive PSMA PET imaging results, as recently 
acknowledged by the European Association of Urology Con-
sensus Panel in Advanced Prostate Cancer [49], the Ameri-
can Society of Clinical Oncology guidelines [50], and the 
Advanced Prostate Cancer Consensus Conference [51].

Overall, the emergence of these highly sensitive imag-
ing modalities will challenge the conceptual setting of M0 
CRPC, as a growing number of patients will be diagnosed 
with early metastatic disease instead of M0 disease, with a 
direct impact on their treatment plan. Nevertheless, consid-
ering the lack of clinical trials assessing the prognosis of 
patients with metastases detected only by PSMA, further 
investigation is needed as to whether PSMA PET/CT should 
be extensively used in high-risk patients [49].

3  Prognostic Assessment: Is PSADT Enough?

Prostate-specific antigen doubling time has been considered 
a prognostic marker in retrospective studies, but that has 
been difficult to validate in prospective assessments [52, 53]. 
The optimal time interval between PSA values for estimating 
PSADT and its optimal limits still need to be determined.

In the case of M0 CRPC, PSA indirectly monitors tumor 
activity from the androgen receptor signal, which can cor-
relate with tumor growth. However, it should be noted that 
PSA decline has not been proven to be a marker of survival 
or outcome, and androgen receptor downregulation does 
not always represent tumor cell elimination. In fact, it is 
acknowledged that some aggressive prostate cancers are low 
PSA secretors [54].

Recent studies have shown that PSA levels and PSADT 
are important tools in prognostic risk assessment in pros-
tate cancer. Baseline PSA level, PSA velocity, and PSADT 
have been associated with the time to bone metastases, 
metastasis-free survival (MFS), and overall survival (OS) 
in M0 CRPC [54–56]. However, while PSA levels are clearly 
defined through testing, a PSADT calculation can be less 
straightforward.

Prostate-specific antigen doubling time is a relevant issue 
in M0 CRPC treatment. In the pivotal studies of the new 
Ari apalutamide (SPARTAN trial [43, 44]), enzalutamide 
(PROSPER trial [45, 46]), and darolutamide (ARAMIS 
trial [47, 48]), the median PSADT was below 5 months, 
suggesting that the use of these drugs requires evidence of 
rapid disease progression, which ultimately translates into 
positive PET-PSMA imaging. Other imaging modalities may 
be used, such as CT of the thorax or chest X-ray, CT of the 
abdomen and pelvis or pelvic magnetic resonance imaging, 
and a bone scan, but have lower sensitivity. Additionally, 

PSADT measurement can vary significantly with the cal-
culation method used, and standardization is crucial, as 
PSADT can be the only treatment-defining parameter in 
cases lacking radiographic evidence [57].

The US Food and Drug Administration currently does 
not specify PSADT as a clinical criterion, but the European 
Medicines Agency recommends a PSADT of less than 10 
months, as used in trials, for selecting patients for these new 
hormonal therapies in the setting of M0 CPCR [58]. Patient 
risk stratification based only on PSADT, as several studies 
have done so far, may be an oversimplistic way of assessing 
disease aggressiveness in M0 CRPC. Other factors, such as 
time since endocrine therapy, total PSA, Gleason score, N1 
disease, and tumor histopathology may also be relevant for 
risk stratification [16–19]. Molecular prognostic and predic-
tive factors are also being investigated as adjuncts to improve 
risk stratification in patients with M0 CRPC, namely/includ-
ing prostate cancer gene 3 and messenger RNA expression 
[59] and identification of genomic alterations in circulating 
tumor DNA, as PTEN loss, MYC and AR mutations, trans-
membrane protease serine 2-ERG fusion (a fusion of the 
trans-membrane protease serine 2 and the ERG gene), and 
DNA repair gene deficiencies [60].

Assessment of molecular determinants in M0 CRPC has 
also been proposed as a way to better identify clinical sub-
groups likely to benefit from specific therapies. In a post 
hoc analysis of the SPARTAN trial, the authors identified 
molecular subtypes associated with a decrease in PSA values 
and with survival outcomes [42]. Prostate-specific antigen 
responses were found to be deeper and faster in genomic 
classifier low-to-average risk gene expression and lumi-
nal subtypes, suggesting that the biomarker characteristics 
of these patients can disclose the presence of aggressive 
disease.

4  Treatment: For All or According to Patient 
Characteristics?

4.1  State‑of‑the‑Art Treatment and Emerging 
Therapies

Treatment of M0 CRPC disease has historically been an 
unmet need in the management of prostate cancer. Until 
recently, the treatment strategy for M0 CRPC encompassed 
observation and maintenance with ADT monitored by 
PSADT with serial imaging until metastatic findings, or 
the use of first-generation Ari, such as bicalutamide or flu-
tamide, followed by an anti-androgen withdrawal strategy, 
without a significant survival benefit [61–64]. However, 
the lack of robust prospective evidence guiding treatment 
decisions for these patients carried clinical uncertainty and 
suboptimal outcomes.
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In recent years, the treatment landscape for patients with 
M0 CRPC changed with the addition of novel new-genera-
tion Ari to the therapeutic armamentarium, based on three 
pivotal clinical trials using MFS (defined as the time from 
randomization to the first detection of distant metastases 
on imaging or death from any cause, whichever occurred 
first) as the primary endpoint. Metastasis-free survival was 
accepted as a legitimate endpoint for clinical drug trials in 
M0 CRPC after the Food and Drug Administration acknowl-
edged that a substantial delay in the onset of metastases is 
clinically relevant in this setting and a surrogate capable of 
predicting OS [65, 66].

The androgen receptor antagonists darolutamide, apalu-
tamide, and enzalutamide all showed an improvement in 
MFS when added to ADT in the population of patients 
with M0 CRPC and are currently approved for disease 
treatment based on their pivotal phase III studies SPAR-
TAN [43, 44], PROSPER [45, 46], and ARAMIS [47, 48] 
(Table 1). Although these studies targeted patients with 
slightly different characteristics, they have shown similar 
clinical outcomes and a pooled analysis of their data dem-
onstrated significantly improved OS and MFS with these 
agents compared with placebo [67]. International guidelines 
(including the National Comprehensive Cancer Network 
guidelines Version 2.2021 [68] and the Advanced Prostate 
Cancer Consensus Conference consensus [51]) currently 
recommend darolutamide, apalutamide, or enzalutamide as 
the preferred choice in addition to ADT for the majority of 
patients with M0 CRPC with PSA levels ≥ 2 ng/mL and 
PSADT ≤ 10 months.

The ARAMIS trial investigated the addition of daroluta-
mide to ongoing ADT and reported a significant increase of 
22 months in MFS compared with placebo (median 40.4 vs 
18.4 months; hazard ratio [HR] for metastases or death in 
the darolutamide group, 0.41; 95% confidence interval [CI] 
0.34−0.50; p < 0.001) [47]. In the final survival analysis, 
the percentage of patients alive at 3 years was significantly 
higher with darolutamide versus placebo (83% [95% CI 
80−86] vs 77% [95% CI 72−81]) [48]. In patients receiving 
darolutamide, the risk of death was significantly reduced 
(HR 0.69; 95% CI 0.53–0.88; p = 0.003) and the time to pain 
progression was extended by 14.9 months (HR 0.65; 95% 
CI 0.53–0.79; p < 0.001) [48]. Treatment discontinuation 
rates were similar between darolutamide (8.9%) and pla-
cebo (8.7%) [47]. The most common adverse event (AE) was 
fatigue (12.1% vs 8.7%), and no AE was reported in more 
than 15% of patients receiving darolutamide [47]. Grade 3/4 
AEs were reported in 24.7% of patients in the darolutamide 
arm and 19.5% of patients in the placebo arm [47].

In the SPARTAN trial, apalutamide improved MFS by 
24.3 months compared with placebo (median 40.5 vs 16.2 
months; HR for metastases or death 0.28; 95% CI 0.23–0.35; 
p < 0.0001), as well as secondary endpoints of time to AE
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metastases, progression-free survival, and time to sympto-
matic progression [43]. In the prespecified final OS analy-
sis, a 22% reduction in the hazard of death was reported in 
the apalutamide group compared with the placebo group 
(median 73.9 vs 59.9 months; HR 0.78; 95% CI 0.64−0.96; 
p = 0.016) [44]. In addition, apalutamide was associated 
with a significantly longer time to the first cytotoxic chemo-
therapy (median not reached in either group; HR 0.63; 95% 
CI 0.49–0.81; p = 0.0002). The most common cause of drug 
discontinuation was progressive disease (43% with apaluta-
mide and 74% with placebo), and 15% of patients receiving 
apalutamide and 8.4% of those receiving placebo discontin-
ued the study regimen because of AEs [44]. Adverse events 
occurring in 15% of patients receiving apalutamide (vs pla-
cebo) included fatigue (33% vs 21%), hypertension (28% vs 
21%), diarrhea (23% vs 15%), falls (22% vs 9.5%), nausea 
(20% vs 16%), arthralgia (20% vs 8.3%), weight loss (20% 
vs 6.5%), back pain (18% vs 15%), and hot flashes (15% vs 
8.5%) [44]. Grade 3/4 AEs were reported in 56% and 36% 
of patients in each group, respectively [44].

In the PROSPER trial, treatment with enzalutamide led 
to a clinically meaningful and statistically significant 71% 
lower risk of metastases or death compared with placebo 
(median MFS 36.6 vs 14.7 months; HR for metastases or 
death 0.29; 95% CI 0.24−0.35; p < 0.001) and also to a 
PSA progression-free survival benefit (median 37.2 vs 3.9 
months; HR 0.07; 95% CI 0.05–0.08; p < 0.001) [45]. In 
the final OS analysis, enzalutamide was associated with 
a significant 27% decrease in the risk of death compared 
with placebo (median 67.0 vs 56.3 months; HR 0.73; 95% 
CI 0.61–0.89; p = 0.001) [46]. Regarding toxicities, 17% 
of patients in the enzalutamide group and 9% of patients 
in the placebo group discontinued the experimental drug 
because of AEs [46]. Grade ≥ 3 AEs were reported in 48% 
and 27% of patients, respectively. Adverse events occurring 
in more than 15% of patients receiving enzalutamide (vs 
placebo) included fatigue (46% vs 22%), musculoskeletal 
events (including back pain, arthralgia, myalgia, musculo-
skeletal pain, pain in the extremities, musculoskeletal stiff-
ness, muscular weakness, and muscle spasms; 34% vs 23%), 
hypertension (18% vs 6%), falls (18% vs 5%), and fractures 
(18% vs 6%) [46].

Although the activity of the three agents in M0 CRPC has 
not been directly compared in head-to-head trials, it appears 
to be similar, given the similar trial designs and respective 
inclusion and exclusion criteria. The three pivotal trials tar-
geted patients with high-risk M0 CRPC, defined by a base-
line PSA level of 2 ng/mL and PSADT ≤ 10 months, and 
shared the same primary endpoint of MFS assessed by CT 
and a pelvic, chest, and abdomen bone scan every 16 weeks. 
All trials included patients with nodal disease; both ARA-
MIS and SPARTAN enrolled patients with malignant nodes 
of < 2 cm in diameter located below the aortic bifurcation. 

Additionally, all patients underwent ADT throughout the 
intervention phase. Similar clinical outcomes were achieved, 
with median MFS between 36 and 40 months in the three 
studies and a consistently positive OS signal with matured 
data.

Because of a decreased crossing of the blood–brain bar-
rier by darolutamide, fatigue and asthenia were less fre-
quently reported with this agent. Other AEs are difficult to 
compare between studies owing to the lack of a systematic 
reporting system and the low frequency of most events.

Although the three trials reported similar results, slight 
differences existed in their respective patient populations. 
Because of the increased risk of seizures with enzalutamide 
and apalutamide [69–72], patients with a history of this con-
dition were excluded from PROSPER and SPARTAN but 
not from ARAMIS.

4.2  How to Select the Best Treatment for Each 
Patient

4.2.1  Pharmacological Interactions of Androgen Receptor 
Inhibitors

Adverse events of anticancer therapies are an important 
issue when making clinical decisions, as they may have a 
detrimental impact on patients’ quality of life (QoL). This 
QoL burden is particularly relevant in patients with M0 
CRPC, given the mostly asymptomatic nature of their dis-
ease. Because M0 CRPC is usually diagnosed in older men, 
often with comorbidities and receiving multiple concomitant 
medications, the risk of AEs or loss of efficacy due to drug 
interactions is also a crucial aspect in clinical decision mak-
ing [73–75]. Therefore, such interactions should be assessed 
before making clinical decisions for patients with M0 CRPC 
with polypharmacy and a reasonable life expectancy.

All three second-generation ARi carry a risk of drug 
interactions, which should be closely examined before 
choosing one agent over another. Apalutamide and enzalu-
tamide have a similar molecular structure and mechanism 
of action, as well as similar cytochrome P450 (CYP) inhi-
bition capability. Both agents are associated with a higher 
incidence of certain AEs, such as falls, fatigue, hyperten-
sion, rashes, and seizures compared with placebo [43–46], 
and have the potential for pharmacological interactions with 
other medications that are substrates for several metaboliz-
ing enzymes and drug transporters [43, 45, 75–79]. Because 
of their CYP inhibition capability, both agents have the 
potential for CYP-mediated drug interactions, mainly 
for those that are substrates to CYP3A4, CYP2C9, and 
CYP2C19 enzymes [80, 81], with resulting altered activ-
ity of comedications such as anticoagulants, antihyperten-
sives, opioid analgesics, and proton pump inhibitors [74, 
75, 80–83]. Apalutamide and enzalutamide are also able to 
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penetrate the blood–brain barrier and thus achieve active 
central nervous system concentrations, where they inhibit 
gamma-aminobutyric acid receptors [84]. This may result 
in an increased risk of seizures [69, 71, 72]. In a retrospec-
tive study of pharmacy records in patients with metastatic 
CRPC, enzalutamide was also associated with potential 
drug interactions with central nervous system drugs (e.g., 
opioid analgesics) and hence with a potentially increased 
risk of cognitive adverse effects, falls, and fractures [75]. In 
another retrospective analysis of a large claims database, a 
high prevalence of potential drug interactions was identified 
among patients with M0 CRPC receiving apalutamide and 
enzalutamide, highlighting the need for close monitoring 
when initiating these therapies [85].

Conversely, darolutamide has a distinct molecular struc-
ture, being metabolized mainly by CYP3A4 with no clini-
cally relevant CYP induction or inhibition effect, and thus 
without major interactions with comedications metabolized 
by CYP enzymes [86]. In contrast to apalutamide and enza-
lutamide, darolutamide has limited blood–brain barrier 
penetration and a low affinity for the gamma-aminobutyric 
acid type A receptor, with a potentially lower risk of AEs 
in the brain compared with the other two compounds [47, 
87]. In the study by Moilanen et al., the blood–brain bar-
rier penetration rate of apalutamide and enzalutamide was 
ten times higher that of darolutamide [88]. Because of this, 
darolutamide has a limited effect on mental status, as dem-
onstrated in preclinical studies [89, 90], and is considered 
safe in patients with a history of seizures [91]. The interac-
tion between darolutamide and the breast cancer resistance 
protein transporter may lead to an increase in the levels of 
rosuvastatin, potentially increasing its secondary effects on 
the muscle and the liver [89]. However, a post hoc analysis 

of patients who participated in the ARAMIS trial showed 
limited potential for clinically relevant drug interactions 
between darolutamide and comedications frequently used 
to treat age-related comorbidities in patients with M0 CRPC, 
such as lipid-modifying agents, β-blockers, antithrombot-
ics, and systemic antibiotics [92]. A similar proportion of 
patients in each treatment arm discontinued the study drug 
because of AEs in this study (8.9% in the darolutamide arm 
vs 8.7% in the placebo arm) [47]. All these aspects are rel-
evant when determining the risk-benefit balance of ARi in 
patients with M0 CRPC receiving multiple comedications 
and should be considered in clinical decision making for 
these patients.

4.2.2  Clinical Approach to Each Individual Patient

Nonmetastatic castration-resistant prostate cancer is a dis-
ease state with a variable course and patients have hetero-
geneous clinical characteristics. The clinical approach for 
each individual should be based on drug efficacy, but also 
treatment toxicity and pharmacological interactions, as well 
as patient comorbidities and QoL, and adapted to each indi-
vidual patient (Fig. 1).

The therapeutic goals for patients with M0 CRPC are to 
delay the development of metastases and increase OS, while 
preserving QoL. Until now, no standard of care has been 
formally endorsed for patients with M0 CRPC. The treat-
ment landscape for M0 CRPC will predictably change with 
the introduction of the new anti-androgens darolutamide, 
apalutamide, and enzalutamide in clinical practice, which 
will widen treatment options for these patients. However, a 
desirable individualized treatment selection is hampered by 

Fig. 1  Individual patient clinical approach algorithm. CT computed tomography, M0 CRPC nonmetastatic castration-resistant prostate cancer, 
PSA prostate-specific antigen, PSADT PSA doubling time
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the fact that there are no head-to-head studies comparing the 
safety and efficacy of these new agents.

Of note, a PSADT > 10 months was not part of the inclu-
sion criteria in PROSPER, SPARTAN, and ARAMIS trials. 
Hence, observation without therapeutic intervention remains 
an option for patients with PSADT >  10 months [55]. 
Among AEs reported with the new agents with an impact 
on QoL are fatigue, falls, fractures, cardiovascular compli-
cations, hypertension, nausea, loss of appetite, hot flashes, 
seizures, rashes, and mental-impairment disorders, among 
others. Patients with a PSA level ≥ 8 ng/mL or PSADT ≤ 10 
months are considered to be at high risk for rapid progres-
sion and should start systemic treatment [55].

The drug of choice for each patient with M0 CRPC will 
vary according to specific drug toxicities, patient comorbidi-
ties, and clinical settings. The fact that a significant propor-
tion of patients with M0 CRPC, as defined by conventional 
imaging, show metastases upon access to PSMA PET sug-
gests that PROSPER, SPARTAN, and ARAMIS populations 
actually had (minimal) metastatic disease, highlighting the 
severity of this disease stage and the indication for early 
treatment. In two independent systematic reviews and net-
work meta-analyses, apalutamide and enzalutamide were 
more effective than darolutamide regarding MFS and PSA 
progression-free survival, while darolutamide showed ben-
efits in OS and also as the best tolerated of the three agents 
[70, 93]. This agrees with preclinical data reporting a higher 
therapeutic index for apalutamide, with a greater opportunity 
for dose escalation [87].

Health-related quality of life is a relevant endpoint when 
defining an individualized clinical approach. While all three 
ARi trials evaluated HRQoL, it was a secondary endpoint in 
PROSPER and an exploratory endpoint in SPARTAN and 
ARAMIS. All trials used validated tools to evaluate patients’ 
QoL, including the Functional Assessment of Cancer Ther-
apy-Prostate (FACT-P) and the European Quality of Life-5 
Dimensions (EQ-5D-3L) questionnaires. Overall, findings 
from these trials indicate that treatment with ARi does 
not appear to negatively impact HRQoL in asymptomatic 
patients with high-risk M0 CRPC [42].

PROSPER showed that enzalutamide maintained HRQoL 
with a minimal decline and a similar median time to deg-
radation to placebo [45], while SPARTAN and ARAMIS 
demonstrated that apalutamide and darolutamide had gener-
ally similar effects on QoL as those seen with placebo and 
over time [43, 47]. A potential disadvantage to consider in 
darolutamide is the fact that it has to be taken twice a day 
and with foods, which may increase undercompliance.

As a class effect, higher rates of falls, fractures, fatigue, 
cardiovascular events, and even death have been reported in 
clinical trials with the agents compared with placebo [94]. 
In the clinical practice, rash and hypothyroidism have been 
more associated with apalutamide, while hypertension and 

central nervous system-related adverse effects have been 
more linked to enzalutamide or apalutamide [95, 96]. Addi-
tionally, the risk of drug interactions associated with the 
three agents should be closely examined before choosing 
one agent over another.

5  Conclusions

Over recent decades, prostate cancer has been an ever-
changing disease, with its course evolving with each new 
treatment and imaging method, leading to an increased com-
plexity in its clinical approach. The management of the long-
time recognized pre-metastatic CRPC has been recently 
transformed with the approval of new-generation ARi daro-
lutamide, apalutamide, and enzalutamide. These agents have 
shown a relevant capacity to delay metastatic disease, with a 
very favorable trade-off regarding AEs. With advances in the 
diagnosis and treatment of the disease, the choice between 
these agents will not be straightforward, reinforcing the need 
for a thorough evaluation of patient characteristics, disease 
progression, and drug profiles in order to achieve the desired 
outcomes in M0 CRPC.
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