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Background: Androgen-deprivation therapy (ADT) historically represented the milestone for the treatment of
metastatic hormone-sensitive prostate cancer (mHSPC). Recently, combining androgen receptor-targeted agents
(ARTA) or docetaxel with ADT significantly improved clinical outcomes in this setting. The efficacy of the combined
use of an ARTA with docetaxel and ADT (triplet), however, was unknown, and often conflicting data derived from
subgroup analysis of randomized phase III trials. In order to better define the benefits and risks of the triplet in
mHSPC, we carried out a systematic review and meta-analysis of available clinical trials.
Methods: A literature search with no data restriction using Medline/PubMed, the Cochrane Library, and American
Society of Clinical Oncology/European Society for Medical Oncology (ASCO/ESMO) Meeting abstracts was carried
out up to April 2022. The meta-analysis was conducted following the Preferred Reporting Items for Systematic
reviews and Meta-Analyses (PRISMA) statements. Overall survival (OS) was the primary endpoint; progression-free
survival (PFS) and safety were secondary endpoints. For OS and PFS, summary hazard ratios (HRs) were calculated;
for safety, risk ratio (RR) was assessed. Random- or fixed-effects models were used, depending on studies
heterogeneity.
Results: Five randomized clinical trials fulfilled the prespecified inclusion criteria. The triplet significantly improved OS
(fixed-effect, HR ¼ 0.74; P < 0.00001) and PFS (fixed-effect; HR ¼ 0.50 for clinical PFS, HR ¼ 0.49 for radiological PFS;
P < 0.0001) compared with docetaxel plus ADT. We did not show heterogeneity between treatment efficacy and the
disease burden, metachronous versus synchronous presentation, concomitant versus sequential strategy. Compared
with docetaxel þ ADT, the triplet did not increase the risk of adverse events (AEs) (RR ¼ 1.00, P ¼ 0.27 for any-
grade AEs; RR ¼ 1.13, P ¼ 0.14 for severe AEs), except for severe hypertension (RR ¼ 1.73, P ¼ 0.001).
Conclusions: Emerging evidence supports the combination of an ARTA plus docetaxel and ADT in mHSPC patients.
Given the availability of several strategies in this setting, clinical characteristics and drug safety profile may help
clinicians select the appropriate treatment for mHSPC patients who are more likely to benefit from treatment
intensification.
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INTRODUCTION

Prostate cancer is the most frequently diagnosed solid tu-
mor worldwide and the second leading cause of cancer-
related death among the male population. Most patients
are diagnosed in the localized setting; however, at least 30%
will develop metastatic disease after local treatment.
Moreover, 8% of patients are diagnosed with de novo
metastatic hormone-sensitive prostate cancer (mHSPC).1
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For decades, androgen-deprivation therapy (ADT) was
the cornerstone of treatment and the control arm of many
studies in the mHSPC setting. The duration of response to
ADT usually lasts no longer than 12-24 months, however,
after which all men virtually switch to castration-resistant
disease.1-5 In the last decade, there has been a paradigm
shift in the treatment of mHSPC. Since 2015, the CHAAR-
TED, LATITUDE, and STAMPEDE phase III trials led to the
approval of docetaxel and abiraterone, in combination
with ADT, resulting in a survival advantage compared with
ADT.2-5 Subsequently, the ARCHES, ENZAMET, and TITAN
trials showed the efficacy of enzalutamide and apalutamide
in this setting.6-10 Subgroup analyses showed that the sur-
vival benefit of docetaxel in the CHAARTED trial was limited
to patients with a high-volume disease (defined as the
presence of four or more bone lesions of whom at least one
beyond vertebral column and pelvis, and/or visceral me-
tastases), whereas the new androgen receptor targeted
agents (ARTA) improved survival regardless of disease
burden.6-12 The intensification of first-line therapy
combining an ARTA to docetaxel and ADT (triplet) was
already explored in subgroup analysis of ARCHES, ENZAMET,
and TITAN trials.6-10 No definitive results could be drawn,
however, given the small number of patients in the sub-
groups. Recently, two large randomized phase III trialsd
PEACE-1 and ARASENSdexplored the efficacy of the triplet
as first-line treatment intensification for mHSPC pa-
tients.13,14 Here we carried out a meta-analysis of ran-
domized clinical trials (RCTs) to better define the benefit
achieved with the use of the triplet in mHSPC.
MATERIALS AND METHODS

Data retrieval strategies

This study aims to carry out a meta-analysis of RCTs
exploring the efficacy of combining a new ARTA plus
docetaxel and ADT in patients with mHSPC. A literature
search with no data restriction using Medline/PubMed, the
Cochrane Library, and American Society of Clinical
Oncology/European Society for Medical Oncology (ASCO/
ESMO) Meeting abstracts to identify relevant studies,
including those still unpublished in extenso, was carried out
up to 10 April 2022 (Supplementary Table S1, available at
https://doi.org/10.1016/j.esmoop.2022.100575). A cross-
check reference from review articles and relevant studies on
the same topic was carried out to confirm all possible
pertinent trials retrieval. The search criteria were limited to
phase II and III RCTs. The review was not registered.
Inclusion criteria

Two independent reviewers screened the studies according
to specific selection and exclusion criteria. The inclusion/
exclusion decisions regarding contentious studies were
made in consultation with the corresponding author. The
studies included in the meta-analysis had to fulfill the
following inclusion criteria: (i) participants with mHSPC;
(ii) ARTA (abiraterone, enzalutamide, apalutamide, or
2 https://doi.org/10.1016/j.esmoop.2022.100575
darolutamide) in combination with docetaxel and ADT in
the experimental arm; (iii) the presence of a control arm for
comparison (ADT plus docetaxel); and (iv) overall survival
(OS) as primary or secondary endpoint expressed as the
hazard ratio (HR) and progression-free survival (PFS), both
radiographic (rPFS) and clinical (cPFS), as primary or key
secondary outcome expressed as the HR, and major toxic-
ities expressed as risk ratio (RR). The following exclusion
criteria were used: (i) studies with insufficient data; (ii)
animal studies; (iii) sample size per arm <10 participants;
and (iv) non-randomized studies. No language restriction
was applied.
Data extraction

Two authors independently extracted the relevant data,
including the name of the first author, publication year,
patient demographics (i.e. age, number, and drug adminis-
tered), median follow up, median treatment duration, study
design (i.e. the type of blinding, the type of control, the
methods for randomization), survival outcomes expressed
as HRs for OS and PFS, and number of patients who expe-
rienced toxicity.
Quality assessment and statistical analysis

Considering the nature of evaluated studies (all random-
ized), we preferred to assess the study quality using the
Jadad 5-item scale.15 The final score ranged from 0 to 5. In
case of disagreements, a consensus was achieved in dis-
cussion with the corresponding author. The publication bias
or sensitivity analysis has not been carried out because of
the low number of included trials.
Statistical analysis

The statistical analyses were carried out with Revman 5.3.
The summary estimates were generated using a fixed-
effects model (ManteleHaenszel method) or a random-
effects model (DerSimonianeLaird method) depending on
the absence or presence of heterogeneity.16,17 Statistical
heterogeneity was assessed with the Q-test and the I2

statistic. I2 values of 25%, 50%, and 75% were considered to
indicate low, moderate, and high heterogeneity, respec-
tively.18 When P < 0.1 and I2 < 50%, the fixed-effects
model was used; otherwise, the random-effects model
was used. For the time-to-event variables, including OS and
PFS, HRs with 95% confidence intervals (CIs) were calcu-
lated for each study. For the rate of adverse events (AEs)
(dichotomous variable), the RR with 95% CIs was calculated
for each study. A subgroup analysis was carried out to
highlight differences between disease burden (high volume
versus low volume), treatment strategy (concomitant versus
sequential start of docetaxel þ ADT and ARTA), synchro-
nous versus metachronous disease. For all the statistical
analyses, a value of P < 0.05 was regarded as statistically
significant, and all tests were two-sided. No correction for
multiplicity was applied.
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Figure 1. Preferred Reporting Items for Systematic reviews and Meta-Analyses (PRISMA) flow chart of the selection process.
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RESULTS

Search results

The electronic search identified 541 studies from databases
and conference abstracts. After duplicate removal, 538 pa-
pers were screened. Among them, 532 papers were
excluded as not English language, not RCTs, preclinical pa-
pers, or different topics. At the end of the selection process,
five studies fulfilled the inclusion criteria and were included
in the meta-analysis.6,8,9,13,14 The Preferred Reporting Items
for Systematic reviews and Meta-Analyses (PRISMA) flow
chart summarizing the process of selection is shown in
Figure 1.

Characteristics of the included studies

All selected studies were phase III, double-blind, RCTs. The
experimental arm included enzalutamide (n ¼ 2), abirater-
one (n ¼ 1), darolutamide (n ¼ 1), apalutamide (n ¼ 1) plus
docetaxel and ADT. The control arm was placebo (PBO) þ
docetaxel þ ADT. In the ARASENS, PEACE-1, and ENZAMET
trials, the ARTA/PBO was started concomitant to docetaxel
and ADT; in the ENZAMET trial, up to two cycles of doce-
taxel were allowed before ARTA/PBO was started.8,13,14 In
the TITAN and ARCHES trials, ARTA/PBO was administered
to patients with no evidence of progression after a
maximum of six cycles of docetaxel þ ADT.6,9 The main
Volume 7 - Issue 5 - 2022
characteristics of the included studies are listed in Table 1.
The median Jadad score was 5, confirming a good level of
quality.

Overall, 2836 patients were treated, 1415 in the experi-
mental arm and 1421 in the control arm. The median age at
diagnosis of the included patients ranged from 66 to 70
years.

All the studies reported the data of OS, which was the
primary endpoint in four out of five studies.8,9,13,14 OS was
defined as the time from treatment starting to patients’
death. In three studies, rPFS was explored as the primary
endpoint (in two cases, as a co-primary endpoint with
OS).6,9,13 Two studies reported the data for cPFS.8,13 PFS
was defined as the time from randomization to clinical or
radiographic disease progression, or patients’ death,
whichever occurred first.

OS of ARTA plus docetaxel and ADT versus docetaxel plus
ADT

Data for OS were available from all five studies and 2836
patients. Among them, 1415 received the experimental
treatment and 1421 were treated in the control arm.6-10,13,14

The pooled HR showed that adding an ARTA to docetaxel
and ADT significantly reduced the risk of death compared
with PBO plus docetaxel and ADT (HR: 0.74; 95% CI 0.66-
0.84; P < 0.00001; I2 ¼ 0%, P ¼ 0.51) (Figure 2A).
https://doi.org/10.1016/j.esmoop.2022.100575 3
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We conducted subgroup analyses of OS for disease
burden, synchronous/metachronous disease, and treatment
strategy.

Two studies reported the pooled data for the disease
burden, including 822 high-volume and 401 low-volume
patients.8,13 The OS benefit from the addition of ARTA to
docetaxel and ADT was confirmed in the high-volume dis-
ease (HR: 0.79; 95% CI 0.63-0.99, P ¼ 0.04; I2 ¼ 28%, P ¼
0.24). The benefit was uncertain in the low-volume popu-
lation (HR: 0.79; 95% CI 0.50-1.23, P ¼ 0.29; I2 ¼ 0%, P ¼
0.66). No significant differences were detected, however,
between the two subgroups (P ¼ 1.00) (Figure 2B).

We subsequently analyzed the OS effect between groups
with synchronous/de novo and metachronous disease.13,14

The OS improvement was more evident in the 1141 de
novo patients treated with the triplet than the 1155
receiving the doublet (HR: 0.76, 95% CI 0.67-0.88, P ¼
0.0002; I2 ¼ 20%, P ¼ 0.27). The benefit was less clear in
the metachronous disease (HR: 0.61, 95% CI 0.35-1.06),
although a small number of patients were analyzed (n ¼
168), without significant differences between the groups
(P ¼ 0.44) (Figure 2C).

Finally, we divided the studies between concomitant and
sequential strategies. The OS benefit from adding an ARTA
to docetaxel and ADT was confirmed in the concomitant
strategy (HR: 0.73; 95% CI 0.64-0.83, P < 0.00001; I2 ¼ 0%,
P ¼ 0.43), representing a higher weight in the total analysis.
The benefit was not clear in the sequential treatment (HR:
0.86; 95% CI 0.59-1.26, P ¼ 0.43; I2 ¼ 4%, P ¼ 0.31), with
fewer treated patients. No differences were detected,
however, between the two subgroups (P ¼ 0.43)
(Figure 2D).

PFS of ARTA plus docetaxel and ADT versus docetaxel plus
ADT

rPFS data were available in three studies and a total of 1028
patients.6,7,9,10,13 The combination of an ARTA, docetaxel and
ADT significantly prolonged rPFS compared with docetaxel
plus ADT (HR: 0.50; 95% CI 0.42-0.60; P < 0.00001; fixed-
effects) (Supplementary Figure S1A, available at https://doi.
org/10.1016/j.esmoop.2022.100575). Two studies reported
cPFS, for a total of 1224 patients.8,13 The combination of an
ARTA, docetaxel and ADT significantly prolonged cPFS
compared with docetaxel plus ADT (HR: 0.49; 95% CI 0.41-
0.58; P < 0.00001; fixed-effects) (Supplementary Figure S1B,
available at https://doi.org/10.1016/j.esmoop.2022.100575).

Safety profile of ARTA plus docetaxel and ADT versus
docetaxel plus ADT

The safety data of the triplet versus the doublet were
available in two studies.13,14 The triplet did not worsen the
risk of any grade (P ¼ 0.45) and severe AEs (P ¼ 0.07)
compared with the doublet (Figure 3A and B).

An increased risk of severe hypertension was associated
with the triplet rather than the doublet (Supplementary
Figure S2A, available at https://doi.org/10.1016/j.esmoop.
2022.100575). The risk of other severe AEs such as
Volume 7 - Issue 5 - 2022
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Figure 2. ARTA plus docetaxel and ADT versus docetaxel plus ADT: OS (A); subgroup analysis for disease burdendhigh versus low volume (B); subgroup analysis
for synchronous versus metachronous disease (C); subgroup analysis for concomitant versus sequential strategy (D).
ADT, androgen deprivation therapy; ARTA, androgen receptor targeted agent; CI, confidence interval; df, degrees of freedom; OS, overall survival; SE, standard error; Txt,
docetaxel.
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A

B

Figure 3. Safety profile ARTA plus docetaxel and ADT versus docetaxel plus ADT for (A) all-grade adverse events (AEs) and (B) severe AEs.
ADT, androgen deprivation therapy; ARTA, androgen receptor targeted agent; CI, confidence interval; df, degrees of freedom; M-H, Mantel-Haenszel; Txt, docetaxel.
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neutropenia, febrile neutropenia, and hepatotoxicity was
not increased (Supplementary Figure S2B and C, available at
https://doi.org/10.1016/j.esmoop.2022.100575).
DISCUSSION

The results of our meta-analysis show that the combination
of an ARTA (enzalutamide, abiraterone, apalutamide, dar-
olutamide) with docetaxel and ADT significantly improves
OS over docetaxel and ADT in men with mHSPC, with a
reduction of 26% of the risk of death (HR: 0.74; P <
0.00001). Similarly, adding an ARTA to docetaxel and ADT
meaningfully prolongs cPFS and rPFS compared with
docetaxel plus ADT, halving the risk of progression. The
strength of these results is represented by the high ho-
mogeneity between the included studies for both PFS and
OS data. We are dealing with another potential practice-
changing treatment after the upfront docetaxel or ARTA
as single agents, which already improved mOS to >5 years.

We did not show heterogeneity between treatment ef-
ficacy and the disease burden. Our meta-analysis is not
powered to exclude any interaction, however, and this
subgroup analysis is affected by the limited number of trials
with available data. In 2015, the CHAARTED trial showed an
OS benefit when docetaxel was added to ADT in patients
with high-volume disease.2 Conversely, low-volume patients
had a similar benefit with ADT alone or combined with
docetaxel.19,20 The definition of disease burden was
different in the LATITUDE trial that enrolled patients with
high-risk mHSPC, defined as the presence of at least one of
the following factors: Gleason score of �8, at least three
bone lesions, or measurable visceral metastases.5 Further
analyses demonstrated that ARTAs are also effective in
high-volume mHSPC.6-10,12 The results of our meta-analysis
support evidence of the efficacy of first-line treatment
intensification with the triplet in high-volume mHSPC
(Figure 4). The best management of low-volume patients,
however, still remains a topic of debate. Given that the
6 https://doi.org/10.1016/j.esmoop.2022.100575
subgroup stratification by tumor burden was available only
for two out of five studies included in our analysis, further
investigations are needed.8,13 Considering the low number
of treated patients and the events recorded in the low-
volume subgroup (77/401), we wonder if this population
gains advantages mainly from docetaxel or if the larger part
of the benefit derives from the ARTA plus ADT. Effectively,
whereas the group of high-volume disease largely drove the
survival benefit in the CHAARTED trial, the studies with
ARTA showed that these agents could be indifferently used
to treat either high- or low-volume patients.2,5-10,12

Furthermore, given the long survival of low-volume pa-
tients even with ADT alone, this option could be considered
for patients with minimal disease, such as nodal involve-
ment, or also chosen for frail patients with comorbidities
that are not eligible for an ARTA (Figure 4). In the ARASENS
trial, there was a minimal number of patients with limited
disease to nodes only (n ¼ 39), in which the triplet did not
seem to determine a significant survival advantage (HR:
0.65, 95% CI 0.19-2.25). This result was in contrast with the
subgroup characterized by heavy bony involvement (n ¼
1037) that achieved greater benefit from the triplet than
the doublet (HR: 0.67, 95% CI 0.55-0.81).14

In addition to the disease burden, the therapeutic al-
gorithm should consider other clinical parameters for
better patient stratification. Still, limited information is
available regarding synchronous (de novo) versus meta-
chronous diseases, which have been characterized as two
different clinical subgroups having a proper prognosis,
with OS ranging from 3 years in patients with de novo
mHSPC (diagnosed as metastatic) to 8 years in meta-
chronous mHSPC patients, developing metastases after
initial presentation with localized disease.21 In the ARA-
SENS trial, the benefit of the triplet was more relevant in
patients with synchronous disease but not in thed
smalldsubgroup of patients developing metachronous
metastases.14 PEACE-1, which included only de novo pa-
tients, confirmed this benefit.13 The category of de novo
Volume 7 - Issue 5 - 2022
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Docetaxel + ARTA + ADT:
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-    ENZAMET
-    ARCHES

ARTA + ADT:
-    LATITUDE (high risk)
-    STAMPEDE-G
-    TITAN
-    ENZAMET
-    ARCHES
Docetaxel + ADT:
-    CHAARTED
-    STAMPEDE-C

Low volume

Consider adding RT:
-    STAMPEDE-H

High volume Low volume

ARTA + ADT:
-    TITAN
-    ENZAMET
-    ARCHES
-    STAMPEDE-G

ARTA + ADT:
-    TITAN
-    ENZAMET
-    ARCHES
Docetaxel + ADT:
-    CHAARTED
-    STAMPEDE-C

ADT
ARTA + ADT:
-    TITAN
-    ENZAMET
-    ARCHES

Figure 4. First-line therapy options for metastatic hormone-sensitive prostate cancer (mHSPC) patients. Dotted lines indicate future treatments possibly available
after studies of docetaxel plus ARTA plus ADT.
ADT, androgen deprivation therapy; ARTA, androgen receptor targeted agent; RT, radiotherapy.
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mHSPC, however, encompasses a broad spectrum of het-
erogeneous clinical patterns, ranging from asymptomatic
patients with an indolent disease to symptomatic patients
with high Gleason scores and extensive bone or visceral
involvement. Docetaxel previously demonstrated a benefit
in de novo high-volume but not in low-volume mHSPC,
differently from ARTA that provided a clinically meaningful
benefit in de novo metastatic patients regardless of dis-
ease volume.4,5,19,20,22 Therefore, the addition of chemo-
therapy to ARTA and ADT could be of interest for de novo
metastatic high-volume patients. In the metachronous
setting, there is a lack of survival advantage for low-
volume patients treated with docetaxel; on the contrary,
ARTAs are associated with a survival advantage both in the
high- and the low-volume setting.22,23 Hence, ADT alone
or ARTA plus ADT seem reasonable options for these pa-
tients (Figure 4).

Regarding the optimal sequence of chemotherapy, ARTA
and ADT, the survival advantage was more significant when
the drugs were concurrently started. ARTAs directly affect
the androgen receptor signaling: for example, abiraterone
stops the steroid-to-androgens conversion and inhibits
intratumoral steroidogenesis. Docetaxel indirectly abrogates
androgen receptor translocation through the inhibition of
tubulin polymerization.24 A reasonable hypothesis is that
the simultaneous use of drugs with complementary mech-
anisms of action might potentiate their efficacy. As enza-
lutamide, apalutamide, and darolutamide inhibit androgen
receptor translocation, however, their effect could be
weakened if a previous inhibition is started by prior doce-
taxel.25 Of note, ARCHES and TITAN trials were not initially
designed to compare ARTA plus docetaxel and ADT with
Volume 7 - Issue 5 - 2022
docetaxel plus ADT, and data derived from small subgroups.
Therefore, a longer follow up will better clarify the real
advantage of the triple combination over docetaxel plus
ADT in case of sequential treatment.6-10

A still unanswered question is represented by the role of
radiotherapy (RT) to the primary tumor in the metastatic
setting, addressed as a potentially effective treatment,
particularly in oligometastatic or low-burden HSPC.26-29

Apart from a PFS improvement, neither the HORRAD nor
the STAMPEDE trials evidenced an OS benefit, except for
selected patients with low-burden disease.26-28 In two out
of four arms of the PEACE-1 trial, RT to the prostate (74 Gy)
was allowed with or without abiraterone after docetaxel
completion, but no interaction was found between RT and
abiraterone for OS improvement in the overall population
(P ¼ 0.86); however, the predefined number of events for
analysis in low-volume disease has not been reached, and
further results are expected.13 In the meantime, RT should
be limited to patients with low-volume disease at diagnosis
(Figure 4).

Regarding available safety data, the addition of ARTA to
docetaxel and ADT did not increase the risk of any-grade
and severe AEs, except for the higher risk of severe hy-
pertension typical of ARTA.4,5 A longer follow-up will test
the hypothesis of whether the combination of the three
agents would also combine AEs. This observation will also
raise the real advantage of administering the triplet, espe-
cially in those patients with relevant comorbidities. In
general, the safety profile of ARTAs seems more tolerable
than docetaxel, even if a direct comparison has never been
made.2-10 For example, severe neutropenia occurred
regardless of ARTA, interesting up to one-third of patients
https://doi.org/10.1016/j.esmoop.2022.100575 7
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treated with docetaxel.13,14 Of note, in the ARASENS trial,
the authors reported that AEs progressively decreased
when docetaxel was stopped.14 The safety profile of the
agents, together with patients’ general conditions and
comorbidities, may be helpful in the treatment selection.

Our systematic review and meta-analysis has several
limitations. First and foremost, the analysis relies on trials’
results and not on individual patients’ data. Over the
strategy of combining docetaxel and ARTA, other differ-
ences exist among populations included in the selected
studies. For example, the ENZAMET trial allowed the
administration of nonsteroidal anti-androgens; in the ARA-
SENS, PEACE-1, and TITAN trials, luteinizing hormone-
releasing hormone (LH-RH) agonists or antagonists were
administered; in ARCHES, all hormonal agents were
allowed.6-10,13,14 Variables such as the site of metastases,
metachronous versus synchronous disease, prostate-specific
antigen values, and Gleason score should be more inten-
sively explored. Moreover, patients in worse general con-
ditions were not enrolled in the included trials; indeed, we
cannot confidently state that the results reflect real-world
data and are easily transferable in current clinical practice.
Some trials are still ongoing, with results to be updated;
therefore, a longer follow-up and more complete data will
confirm the benefit in terms of efficacy and the safety
profile. Finally, given the design of the included studies and
the control arm, the role of adding docetaxel to ARTA
versus ARTA plus ADT has not been investigated.
Conclusions

The addition of an ARTA to docetaxel and ADT significantly
prolongs survival compared with docetaxel and ADT in pa-
tients with mHSPC and should be adopted in daily clinical
practice. Given the availability of several strategies in this
setting, clinical and biological characteristics, drugs safety
profile, and costs may help clinicians select the appropriate
therapy for mHSPC patients who are more likely to benefit
from treatment intensification.
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