
R E V I E W

Treatment Landscape for Metastatic 
Castrate-Sensitive Prostate Cancer: A Review
Margaret F Meagher1, Amirali Salmasi1, Tyler F Stewart2

1Department of Urology, University of California San Diego, La Jolla, CA, USA; 2Division of Hematology-Oncology and BMT, University of California 
San Diego, La Jolla, CA, USA

Correspondence: Tyler F Stewart, Tel +1 (866) 773-2703, Email tstewart@health.ucsd.edu 

Abstract: With the advent of new therapeutic modalities, management of metastatic castrate-sensitive prostate cancer (mCSPC) has 
been in flux. From androgen-deprivation therapy to docetaxel to androgen receptor–signaling inhibitors, each agent has heralded a new 
treatment paradigm. As such, the optimal first-line therapy for mCSPC remains incompletely defined. This review provides a narrative 
of recent advances to systemic therapy within the mCSPC treatment space, particularly with regard to expansion to triplet therapy. 
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Introduction
Treatment of metastatic castrate-sensitive prostate cancer (mCSPC) has evolved dramatically over the past 20 years. In 
the early 21st century, treatment of advanced prostate cancer relied upon androgen ablation via either surgical castration 
or neutralization through estrogen administration.1,2 Increased understanding of the androgen pathways led to the 
development of new means of androgen-deprivation therapy (ADT) by manipulating various aspects of testosterone 
production.3,4 Continuous administration of luteinizing hormone-releasing hormone (LHRH) agonists along with an 
induction course of antiandrogen therapy or continuous treatment with LHRH antagonists are the contemporary back
bones of ADT for locally advanced and metastatic disease.5,6 In select cases, intermittent ADT may also be employed.

Despite initial response to ADT, patients with initial castrate-sensitive disease will progress to castrate-resistant 
prostate cancer (CRPC).7 CRPC portends poor outcomes with a mean survival time of about 30 months in the metastatic 
setting.8 As new agents demonstrated therapeutic benefit for patients with CRPC, multiple studies investigated these 
agents in the CSPC space (Table 1).

ADT Plus Docetaxel for mCSPC
In 2004, the FDA approved the chemotherapeutic agent docetaxel for treatment of CRPC.19,20 The survival benefits of 
docetaxel inspired multiple studies investigating the addition of docetaxel in the treatment of mCSPC. The GETUG- 
AFU15 study included 385 patients, enrolled from 2004 to 2008, and compared the combination of ADT plus docetaxel 
versus ADT alone.9 This trial did not demonstrate a significant increase in overall survival (OS; HR 1.01, p=0.955). 
However, on the heels of the CHAARTED data (see below), a post hoc analysis was performed using the CHAARTED 
definition of low- and high-volume disease burden. Based on this, there was a non–statistically significant 20% reduction 
in mortality (HR 0.78, 95% CI 0.56–1.09; p=0.14). No benefit was observed for patients with low-volume disease.21

CHAARTED was a randomized trial investigating 790 patients with mCSPC that evaluated addition of docetaxel to 
ADT vs ADT alone.10 This study stratified patients according to extent of disease: high volume (defined as the presence 
of visceral metastases or four or more bone lesions with one or more beyond the vertebral bodies and pelvis) vs low 
volume. CHAARTED demonstrated an improvement in OS (HR 0.61, 95% CI 0.47–0.80; p<0.001). With more mature 
follow-up, the benefit was more apparent for patients with high-volume disease (HR 0.63, 95% CI 0.50–0.79; p<0.001) 
rather than low-volume disease (HR 1.04, 95% CI 0.70–1.55; p=0.86).22
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Table 1 Completed clinical trials in mCSPC

Trial agents Control n (treatment/ 
control)

Inclusion criteria Primary 
outcome

Key results

Doublets

GETUG-AFU15 (2013)9 Docetaxel + ADT ADT 192/193 mCSPC; treatment-naïve OS No improvement in OS

CHAARTED (2015)10 Docetaxel + ADT ADT 397/393 mCSPC; treatment-naïve OS Improved OS in patients 

with high volume disease

STAMPEDE-C (2016)11 Docetaxel + ADT ADT 1185/1184 mCSPC or N+ or high-risk locally advanced (at least 2 of 

T3/4, Gleason 8–10, PSA ≥40 ng/mL) or previous treatment 

+ relapse with high-risk features

OS Improved OS with 

addition of docetaxel, 

but not with ZA

STAMPEDE-G (2017)12 Abiraterone + ADT ADT 960/957 mCSPC or N+ or high risk locally advanced (at least 2 of 

T3/4, Gleason 8–10, PSA ≥40 ng/mL) or previous treatment 
+ relapse with high-risk features

OS Improved OS in patients 

with high-volume and 
low-volume disease

LATITUDE (2017)13 Abiraterone + ADT ADT 597/602 Treatment-naïve, newly diagnosed high-risk mCSPC 
(Gleason ≥8, 3+ bone lesions, visceral metastases)

OS; rPFS Improved OS and rPFS in 
high-risk mCSPC

ENZAMET (2019)14 Enzalutamide + ADT NSAA + ADT 563/562 mCSPC (docetaxel permitted) OS Improved OS, bPFS and 
cPFS

ARCHES (2019)15 Enzalutamide + ADT ADT 574/576 mCSPC (docetaxel permitted) rPFS Improved rPFS and OS

TITAN (2019)16 Apalutamide + ADT ADT 525/527 mCSPC (docetaxel permitted) rPFS; OS Improved OS and rPFS

Triplets

PEACE-1 (2022)17 Abiraterone + docetaxel 
+ ADT (± RT)

ADT ± docetaxel 
(60%)

583/589 mCSPC rPFS; OS Improved OS and rPFS

ARASENS (2022)18 Darolutamide + docetaxel 
+ ADT

Docetaxel + ADT 651/655 mCSPC OS Improved OS

Abbreviations: mCSPC, metastatic castrate-sensitive prostate cancer; cPFS, clinical progression-free survival; bPFS, biochemical progression-free survival; OS, overall survival; rPFS, radiographic progression-free survival.
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Similarly, STAMPEDE investigated the use of up-front docetaxel for CSPC. The trial enrolled patients with 
metastatic and nonmetastatic disease and compared the addition of both docetaxel and zoledronic acid in a 2×2 design. 
Docetaxel was associated with an improvement in OS.11 Interestingly, in a post hoc analysis of patients with metastatic 
disease only and classifying patients by CHAARTED volume criteria, the benefit of docetaxel appeared to be similar for 
patients with high-volume disease (OS HR 0.81, 95% CI 0.64–1.02; p=0.064) and low-volume disease (OS HR 0.76, 
95% 0.54–1.07; p=0.107).12 Together, these trials heralded in a new era of ADT + docetaxel as the new standard of care 
for early mCSPC, particularly for patients with high-volume disease.23,24

ADT Plus Novel Hormonal Agents for mCSPC
Similarly to the benefits of docetaxel in the CRPC space, novel androgen receptor–signaling inhibitors (ARSIs) were also 
demonstrated to improve OS for patients with CRPC. Abiraterone, which inhibits CYP17 and halts the production of 
androgens, was shown to prolong survival in the setting of CPRC.25,26 In light of this, both STAMPEDE and LATITUDE 
investigated the role of abiraterone in combination with ADT for patients with mCSPC. STAMPEDE demonstrated 
a benefit in OS in patients with metastatic disease (HR 0.61, 95% CI 0.49–0.75).27 In 2020, an updated analysis using the 
CHAARTED criteria for stratification demonstrated improved OS for both high-volume (HR 0.59,95% CI 0.47–0.74; 
p<0.001) and low-volume disease (HR 0.59, 95% CI 0.47–0.74; p<0.001).27 These results were affirmed by the 
LATITUTE trial, which evaluated 1199 patients with “high-risk” mCSPC (defined as having at least two of three 
criteria: Gleason score ≥8, three or more bone lesions, and/or visceral metastases) and evaluated ADT plus abiraterone vs 
ADT plus placebo. OS was significantly improved with abiraterone (HR 0.62, 95% CI 0.51–0.76; p<0.001).13 In a post 
hoc analysis of the STAMPEDE trial using the LATITUDE risk criteria, the combination of abiraterone plus ADT 
appeared to benefit both groups of patients (high-volume and low-volume disease).28

Three secondary ARSIs have shown benefit for CRPC, leading to investigating their role for patients with mCSPC: 
enzalutamide, apalutamide, and darolutamide.8,29–35 Enzalutamide was investigated in the hormone-sensitive setting in 
the ENZAMET and ARCHES trials. ENZAMET randomized 1125 patients to enzalutamide plus ADT vs a nonsteroidal 
antiandrogen drug (bicalutamide, nilutamide, flutamide) plus ADT, and found improvement in OS (HR 0.67, p=0.002), 
progression-free survival (PFS; HR 0.39, p<0.001), and clinical PFS (HR 0.40, p<0.001) with enzalutamide.14 

Importantly, this trial included patients who may also have been receiving early docetaxel therapy (45%). For patients 
who received early docetaxel, the OS HR was 0.90 (95% CI 0.62–1.31), suggesting that for patients who are planned for 
docetaxel, the addition of enzalutamide may not be beneficial. The addition of enzalutamide, however, also increased the 
frequency of serious toxic effects (68.4% vs 41.8%), which was potentiated by the addition of early docetaxel treatment. 
The beneficial effect of enzalutamide was also demonstrated in the ARCHES trial, where the combination was associated 
with improved OS (HR 0.66, 95% CI 0.53–0.81).15 On subgroup analysis, those who had received prior docetaxel (18%) 
had improved radiographic PFS and there was a suggestion of improved OS (HR OS 0.74, 95% CI 0.46–1.20).36

Apalutamide is mechanistically similar to enzalutamide and was investigated in the setting of concomitant ADT for 
mCSPC in the TITAN trial.16 Radiographic PFS at 2 years was 68.2% in the apalutamide group versus 47.5% in the 
placebo group (HR 0.48, p<0.001). Similarly to the ARCHES trial, this beneficial effect was favorable across all 
subgroups including previous docetaxel (11%) exposure along with both CHAARTED and LATITUDE disease criteria. 
In the updated survival analysis with a median follow-up for the entire cohort of 44 months, the addition of apalutamide 
reduced the risk of death by 35% (OS HR 0.65, 95% CI 0.53–0.79; p<0.0001). In the subgroup of patients that received 
prior docetaxel, there did not appear to be a benefit from adding enzalutamide (OS HR 1.12, 95% CI 0.59–2.12); 
however, the authors noted that limited conclusions should be made for the combination of apalutamide and docetaxel, 
given the small number of patients for this analysis.37

Together, these data have demonstrated overwhelming evidence of the beneficial effect of the addition of an ARSI 
agent to ADT for both low-volume and high-volume mCSPC. To this end, the NCCN guidelines now recommend each of 
these combinations for patients with mCSPC while discouraging single-agent ADT, unless there are clear contraindica
tions for combination therapy.38
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ADT Plus Docetaxel and Novel Hormonal Agents for mCSPC
In 2022, PEACE-1 heralded a new investigation era of triplet therapy. PEACE-1 was a multicenter randomized trial with 
a 2×2 factorial design investigating the addition of abiraterone and/or radiotherapy for primary lesions in men with de 
novo mCSPC compared to SOC.17 During accrual, the study was amended to allow for prior use of docetaxel, and 
subsequently docetaxel was required so that the study could investigate if the addition of abiraterone improved outcomes 
compared to ADT plus docetaxel alone. In total, 1173 were enrolled, with 60% receiving ADT plus docetaxel. PEACE-1 
demonstrated improved radiographic PFS (HR 0.54, p<0.0001) and OS (HR 0.82, p=0.030) with the addition of 
abiraterone. Specifically, in the subgroup receiving ADT plus docetaxel, abiraterone demonstrated improved rPFS (HR 
0.50, 95% CI 0.34-0.71; p≤0.0001) and OS (HR 0.75, 95% CI 0.59–0.95; p=0.017). Toxicity rates between the treatment 
and control arms were similar, except for increased rates of hypertension with abiraterone (22% vs 13%). This trial led to 
changes in guidelines and practice, as patients who were planned to receive docetaxel could also be considered for 
escalation with the addition of abiraterone.

The most recent ARASENS trial investigated triplet therapy with darolutamide, ADT, and docetaxel vs doublet 
therapy with ADT and docetaxel.18 The study included 1306 patients with mCSPC. ARASENS demonstrated an 
improvement in OS with the addition of darolutamide to ADT plus docetaxel (HR 0.68, p≤0.001) and delay in the 
time to castrate-resistant disease. In a post hoc subgroup analysis based on both CHAARTED and LATITUDE risk 
stratification, the addition of darolutamide improved OS in patients at high and low risk, as well as high-volume disease. 
For patients with low-volume disease, there was a suggestion of OS benefit; however, data remain immature.

Doublet versus Triplet
Data from PEACE-1 and ARASENS demonstrate that men with mCSPC should all receive escalation of therapy with 
a secondary hormonal agent unless there is a clinically compelling reason to avoid this. However, the additional benefit 
of docetaxel in the up-front treatment for mCSPC remains uncertain. A recent network meta-analysis by Riaz et al aimed 
to analyze the benefit of enhanced therapy.39 Their work demonstrated that triplet combinations with ADT, docetaxel, and 
either abiraterone or darolutamide were associated with improved OS compared to ADT and docetaxel, but the triplet did 
not improve OS compared to ADT + ARSI. When this was broken down by volume of disease, the triplet (data only 
including abiraterone) improved OS compared to ADT plus docetaxel, but not compared to ADT plus ARSI alone. For 
patients with low-volume disease, the triplet was not associated with improvements compared to the doublet, raising 
some doubt about the benefit of docetaxel in addition to ARSI in the frontline space.

Clinically, it may be reasoned that those with high-risk features may benefit from triplet therapy, but no clinical trial 
has prospectively demonstrated this. In a recent meta-analysis by the STOPCAP Collaboration of the GETUG AFU15, 
STAMPEDE, and CHAARTED trials performed, all of which investigated docetaxel plus ADT vs ADT alone for patients 
with mCSPC, Vale et al highlighted characteristics of patients who gain the most significant benefit from docetaxel, 
including clinical T stage, higher volume of metastases, and to a lesser extent synchronous metastases (vs 
metachronous).40 The group plans to use these data to analyze which patients are most likely to benefit from the addition 
of docetaxel, which may provide further clarity.

Optimal First-Line Therapy in a Changing Landscape
The optimal first-line choice of therapy must be taken into the context of a rapidly evolving field, with newer 
technologies and treatment. For instance, application of CHAARTED or LATITUDE disease stratification requires 
a CT scan and bone imaging with a nuclear medicine bone scan. However, PSMA PET/CTs are increasingly standard 
approaches for staging. PSMA PET/CTs significantly change staging for prostate cancer, identifying metastatic disease in 
patients who would otherwise be deemed nonmetastatic and identifying higher disease burden than previously identified 
by CT and bone scans. Patients undoubtedly deemed “high-volume” based on PSMA PET/CTs have “low-volume” 
disease based on CT and bone scan imaging. Clinicians using PSMA PET/CTs predominantly may need to consider CT 
scans and nuclear medicine bone scans for borderline cases to identify patients most likely (and least likely) to benefit 
from the addition of docetaxel. The addition of docetaxel without clear clinical benefit should not be taken lightly, as 
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docetaxel is associated with toxicity. In PEACE-1, docetaxel was associated with neutropenia in 10% of patients and 
febrile neutropenia in 5%.17 Although the magnitude of benefit for up-front docetaxel in addition to ARSI remains 
a relevant question, it is not clear if there is an appetite in the prostate cancer community to perform a large study to 
evaluate this in the context of newer technologies.

Currently, for patients with metastatic hormone-sensitive prostate cancer, a combination of ADT and ARSI is the 
standard of care (Figure 1). Although single-agent ADT may be considered in some, based on the abundant evidence of 
combination therapy, there usually has to be a compelling reason not to offer an ARSI. No specific ARSI has been shown 
to be superior to the others, so often the specific ARSI is determined by availability, comorbidities, and drug–drug 
interactions. For patients with high-volume disease and particularly those with de novo high-volume disease, the addition 
of up-front docetaxel is very reasonable; however, the absolute benefit of the addition of docetaxel remains unknown. In 
addition to systemic therapy, for patients with de novo low-volume disease as per CHAARTED criteria, radiation to the 
prostate should strongly be considered, as this has been shown to improve OS.41

The Future Landscape for mCSPC
The landscape for mCSPC will evolve over the next few years. Agents that are now approved for mCRPC are currently 
in clinical trials in the hormone-sensitive space, while novel combinations are under investigation (Table 2).42–47

Poly(ADP-ribose) polymerase inhibitors (PARPIs) prevent repair of single-stranded DNA breaks promoting conver
sion to double-stranded breaks. PARPIs have demonstrated significant clinical benefit for patients with mCRPC that 
harbors homologous recombination repair mutations, either somatic or germline.48–52 More recently, combinations of 
ARSI with PARPIs have demonstrated OS benefit compared to ARSI patients.53–55 Although there remains controversy 

Figure 1 Treatment algorithm for mCSPC.
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Table 2 Selected ongoing phase III clinical trials in the mCSPC setting

Trial agent Control Estimated, n Inclusion criteria Primary 
outcome

PSMAddition42 177Lu-PSMA-617 + ARSI + ADT ARSI + ADT 1126 mCSPC, PSMA-positive disease rPFS

CAPItello-28143 Capivasertib + abiraterone + ADT Placebo + abiraterone + ADT 1000 De novo mCSPC, PTEN deficiency rPFS

CYCLONE-344 Abemaciclib + abiraterone + ADT Placebo + abiraterone + ADT 900 High-risk mCSPC defined by ≥4 bone metastases and/or visceral 
disease

rPFS

KEYNOTE-99145 Pembrolizumab + enzalutamide + ADT Placebo + enzalutamide + ADT 1232 mCSPC, ≥2 bone lesions or visceral disease rPFS, OS

AMPLITUDE46 Niraparib + abiraterone + ADT Placebo + abiraterone + ADT 788 mCSPC with germline or somatic HRR gene alteration rPFS

TALAPRO-347 Talazoparib + enzalutamide + ADT Placebo + enzalutamide + ADT 550 mCSPC with DDR mutations rPFS

Abbreviations: ARSI, androgen receptor–signaling inhibitor; mCSPC, metastatic castrate-sensitive prostate cancer; rPFS, radiographic progression-free survival; OS, overall survival; HRR, homologous recombination repair; DDR, DNA 
damage response.
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as to whether this benefit is limited to patients who harbor BRCA1/2 mutations, any homologous recombination repair 
mutation, or if this benefit is seen in all patients with mCRPC, combination ARSIs plus PARPIs certainly benefit some 
patients. Based on this, frontline trials are now exploring the combination of PARPIs with ARSIs for patients with 
mCSPC.

Possibly the most exciting advance for mCRPC has been radiotheranostics. Radioligand therapies deliver radiation 
therapy to the cell that contains the target while sparing normal cells. This is often delivered with either α or β particles, 
with α particles being larger and able to inflict more damage than β particles. In 2013, radium 223 was approved for 
patients with mCRPC without visceral disease after demonstrating improvement in OS and decreased time to sympto
matic skeletal event compared to placebo.56 Lutetium 177–PSMA-617 (Lu-PSMA) is a radioligand therapy that delivers 
β-particle radiation to cells that express PSMA. In the Vision trial, Lu-PSMA demonstrated improvement in PFS and OS 
compared to an alternative ARSI agent for patients with mCRPC, leading to its FDA approval. Additionally, the TheraP 
trial demonstrated improvement in response rate, decreased adverse events, and similar OS compared to cabazitaxel.57,58 

While novel radiotheranostics are currently in trial for patients with mCRPC, the field is eagerly awaiting the results of 
the PSMAddition study, which is investigating the role of up-front LuPSMA in addition to ADT plus ARSI for patients 
with mCSPC.

Additional novel methods to improve long-term outcomes for patients with mCSPC are currently in development or 
already in clinical trials. These include novel therapeutic combinations, including those investigating alternative 
compelling molecular pathways (PTEN, CDK4/6). More studies will be evaluating the role of radiation-directed therapy 
to oligometastatic sites. Finally, there will be studies looking at de-escalation of therapy, including the use of intermittent 
therapy for patients with excellent response to systemic therapy. If (or when) multiple studies in the frontline space are 
positive, cross-trial comparison will be even more difficult and selecting the optimal treatment plan will become more 
nuanced, with treatment determined by genomics, volume of disease, and individualized based on patients’ goals.

Conclusion
The treatment landscape for mCSPC has significantly evolved, offering patients and providers a range of options to 
consider. Therapy with ADT plus ARSIs has become the established frontline setting unless there is a significant 
competing reason to avoid ARSIs. The benefit of adding docetaxel to ADT and ARSIs is not yet proven, but should be 
considered in the context of various factors, including patient characteristics, disease burden, and individual treatment 
goals. Future research and ongoing clinical trials will continue to refine our understanding of optimal treatment strategies, 
ultimately improving outcomes and quality of life for patients with metastatic hormone-sensitive prostate cancer.
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