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Background: Androgen receptor signaling inhibitors (ARSis), when administered
sequentially or in combination with docetaxel and androgen deprivation therapy
(ADT), have been shown to enhance overall survival (OS) and progression-free
survival (PFS) in patients with metastatic hormone-sensitive prostate cancer
(mHSPC). Nonetheless, the optimal sequence for administering chemotherapy
and ARSis remains to be determined.

Objective: To compare the efficacy of ARSis sequential therapy with ARSis
combined therapy for mHSPC, and to evaluate the efficacy and safety of
different combination regimens.

Methods: The PubMed, Embase, Cochrane Central, and ClinicalTrials.gov
databases were searched from their inception through 14 July 2024, to
identify eligible phase III randomized clinical trials (RCTs) evaluating the
combination or sequential use of docetaxel + ADT with abiraterone,
enzalutamide, apalutamide, or darolutamide. The outcomes of interest
included OS, PFS, time to prostate-specific antigen (PSA) progression, grade
3–5 adverse events (AEs), and serious adverse events (SAEs).

Results: Five RCTs involving 2836 patients were included in the analysis. When
comparing ARSis sequential therapy to ARSis combined therapy, no significant
differenceswere observed inOS (Hazard Ratio (HR): 1.17, 95%Confidence Interval
(CI): 0.69–1.96), PFS (HR: 1.03, 95% CI: 0.47–2.22), or time to PSA progression
(HR: 0.48, 95% CI: 0.03–7.69). Within the different ARSis combined regimens, the
triple therapies involving enzalutamide, abiraterone, and darolutamide
demonstrated comparable efficacy and safety profiles in the overall
population, and their efficacy in patients with high-volume disease or low-
volume disease was also similar.

OPEN ACCESS

EDITED BY

Shusen Sun,
Western New England University, United States

REVIEWED BY

Xiao Li,
Shandong Provincial Qianfoshan Hospital,
China
Jinjin Mou,
Beijing United Family Hospital, China

*CORRESPONDENCE

Guan Chun Wang,
yaojikewgc721@163.com

Lei Wang,
wanglei_09243633@163.com

†These authors have contributed equally to this
work and share first authorship

RECEIVED 10 July 2024
ACCEPTED 15 October 2024
PUBLISHED 28 October 2024

CITATION

Li CX, Li CY, Wang YQ, Liu H, Yang ZJ, Zhang X,
Wang GC and Wang L (2024) Sequential versus
concomitant treatment of androgen receptor
signaling inhibitors and docetaxel for metastatic
hormone-sensitive prostate cancer: an
network meta-analysis.
Front. Pharmacol. 15:1462360.
doi: 10.3389/fphar.2024.1462360

COPYRIGHT

© 2024 Li, Li, Wang, Liu, Yang, Zhang, Wang and
Wang. This is an open-access article distributed
under the terms of the Creative Commons
Attribution License (CC BY). The use,
distribution or reproduction in other forums is
permitted, provided the original author(s) and
the copyright owner(s) are credited and that the
original publication in this journal is cited, in
accordance with accepted academic practice.
No use, distribution or reproduction is
permitted which does not comply with these
terms.

Frontiers in Pharmacology frontiersin.org01

TYPE Original Research
PUBLISHED 28 October 2024
DOI 10.3389/fphar.2024.1462360

https://www.frontiersin.org/articles/10.3389/fphar.2024.1462360/full
https://www.frontiersin.org/articles/10.3389/fphar.2024.1462360/full
https://www.frontiersin.org/articles/10.3389/fphar.2024.1462360/full
https://www.frontiersin.org/articles/10.3389/fphar.2024.1462360/full
https://www.frontiersin.org/articles/10.3389/fphar.2024.1462360/full
https://www.frontiersin.org/articles/10.3389/fphar.2024.1462360/full
http://ClinicalTrials.gov
https://crossmark.crossref.org/dialog/?doi=10.3389/fphar.2024.1462360&domain=pdf&date_stamp=2024-10-28
mailto:yaojikewgc721@163.com
mailto:yaojikewgc721@163.com
mailto:wanglei_09243633@163.com
mailto:wanglei_09243633@163.com
https://doi.org/10.3389/fphar.2024.1462360
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org/journals/pharmacology#editorial-board
https://www.frontiersin.org/journals/pharmacology#editorial-board
https://doi.org/10.3389/fphar.2024.1462360


Conclusion: ARSis sequential therapy did not significantly differ from ARSis
combined therapy in improving OS and PFS among patients with mHSPC, and
thus can be considered as a viable treatment option.

KEYWORDS

prostate cancer, hormonal therapy, androgen receptor signaling inhibitors,
sequential treatment, combination treatment p overall survival, radiographic
progression-free survival

1 Introduction

Prostate cancer (PC) is the most prevalent malignant tumor
among males, with 1.4 million new cases annually; moreover,
around 20% of these cases involve metastatic hormone-sensitive
prostate cancer (mHSPC) (Sung et al., 2021; Tilki et al, 2024).
Androgen deprivation therapy (ADT) refers to the surgical
removal of the testicles or the use of medication to regulate and
reduce the production of androgens within the patient’s body. For
mHSPC, ADT has historically been the first-line therapy and the
only systematic treatment option (Chi et al., 2019; Mohler et al.,
2019; Kinsey et al., 2020). Due to ongoing research and the
development of new medications, the standard of care (SOC) for
mHSPC has evolved from simple ADT or ADT combined with first-
generation antiandrogens, such as bicalutamide and flutamide, to
ADT plus docetaxel (Sweeney et al., 2015; Wang et al., 2023) or ADT
plus novel hormonal agents, also known as androgen receptor
signaling inhibitors (ARSis), including abiraterone, enzalutamide,
apalutamide, darolutamide, etc. (Fizazi et al., 2022; Smith et al., 2022;
Davis et al., 2019; Armstrong et al., 2019; Sartor and de Bono, 2018).

The EAU Guidelines 2024 (Tilki et al., 2024) recommend the
triple therapy of ADT + docetaxel + ARSis based on the PEACE-1
(abiraterone) (Fizazi et al., 2022) and ARASENS (darolutamide)
(Smith et al., 2022) studies, which shows better survival benefits
compared to ADT + docetaxel (Ciccarese et al., 2022; James et al.,
2016; Yanagisawa et al., 2022; Menges et al., 2022;Wang et al., 2021).
In ARASENS (Smith et al., 2022), all patients received docetaxel in
combination with ADT as the established SOC. In PEACE-1 (Fizazi
et al., 2022), ADT was initially considered to be SOC from
November 2013, then docetaxel was permitted at the researcher’s
discretion since October 2015, and became a mandatory component
of SOC from August 2017. Given that ARSi and docetaxel were
administered simultaneously, these two studies represent ARSis
combination therapy. In the ENZAMET trial (Davis et al., 2019),
the majority of patients (around 65%) did not initiate docetaxel
chemotherapy before randomization and were instructed to begin
docetaxel approximately 4–6 weeks post-randomization, which is
comparable to initiating enzalutamide. A minority of patients
(approximately 35%) who had already undergone one to two
cycles of docetaxel prior to randomization were still eligible for
enrollment and subsequently received the remaining four to five
cycles of docetaxel in conjunction with enzalutamide. Therefore, the
study was also regarded as evaluating ARSis combination therapy.

ARSis sequential therapy refers to the administration of ARSis
therapy following the use of docetaxel while ADT is ongoing. It also
serves as an alternative treatment approach for patients with
mHSPC. In both TITAN (Chi et al., 2019) and ARCHES
(Armstrong et al., 2019), up to six courses of prior docetaxel
chemotherapy were permitted, and the final treatment

administration had to be completed within 2 months prior to
randomization. The two studies, in which 10.7% and 17.8% of
the enrolled patients had previously received docetaxel,
respectively, were considered as ARSis sequential therapy.
Subgroup analyses from the TITAN (Chi et al., 2019) and
ARCHES (Armstrong et al., 2019) trials indicated that
sequencing ARSis after ADT plus docetaxel demonstrated a trend
towards OS benefit compared to ADT plus docetaxel alone (Chi
et al., 2021; Armstrong et al., 2022).

Compared with ARSis combined therapy, sequential therapy
may have more advantages in drug safety, reducing expenditure,
saving medical resources and improving compliance, and it also
aligns with the medication philosophy of some physicians. However,
previous studies did not specifically study sequential therapy in
mHSPC patients, and the conclusions from the subgroup analyses
are not clear (Mandel et al., 2023; Chen et al., 2020; Dou et al., 2023;
Hussain et al., 2023). Neither the NCCN nor the EAU guidelines
provide pertinent recommendations. Addressing this matter should
facilitate the provision of more personalized and evidence-based
treatment options and optimizations in clinical practice. Therefore,
the current study aimed to compare the efficacy of ARSis sequential
therapy against that of combined therapy through a systematic
literature review and network meta-analysis (NMA). The findings
will inform the medication regimens for mHSPC patients.

2 Methods

This NMA was performed in accordance with the guidelines of
the Preferred Reporting Items for Systematic Reviews and Meta-
analyses (PRISMA) extension statement (Page et al., 2021; Hutton
et al., 2015), and it was registered in the International Prospective
Register of Systematic Reviews database (PROSPERO:
CRD42022363656).

2.1 Search strategy

We conducted a comprehensive search of the PubMed, Embase,
Cochrane Central Register of Randomized Controlled Trials
(CENTRAL), and ClinicalTrials.gov databases up to 20 October
2022, to identify eligible randomized controlled trials (RCTs). The
search was subsequently updated in July 2024. In addition, we
scrutinized proceedings from key conferences, including the
American Society of Clinical Oncology and the European Society
for Medical Oncology. Two authors (Li CY and Wang YQ)
independently screened the literature based on predefined
inclusion and exclusion criteria, which were formulated in line
with the PICOS principles (participants, intervention,
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comparison, outcomes, and study characteristics, and study design).
Any discrepancies were resolved through discussions with a third
author (Li CX). The specific search strategies are detailed in
Supplementary Material 1.

2.2 Inclusion and exclusion criteria

The inclusion criteria were as follows: 1) mHSPC patients
aged ≥18 years; 2) patients with initial onset or those who
progressed after previous local therapy; and 3) patients with a
duration of ADT treatment in the localized prostate cancer stage
no longer than 3 years or a duration of ADT in the metastatic
prostate cancer stage no longer than 6 months. The following
interventions were eligible: ADT + docetaxel + ARSis sequential
therapy or ADT + docetaxel + ARSis combined therapy.
Sequential therapy was defined as the initial treatment of ADT
+ 6-week cycles of docetaxel chemotherapy followed by ARSis
treatment after discontinuation of docetaxel. Combined therapy
was defined as the combination of ADT + docetaxel with ARSis.
ARSis included abiraterone, enzalutamide, apalutamide and
darolutamide. The outcomes of interest were overall survival
(OS), radiographic progression-free survival (rPFS), clinical
progression-free survival (cPFS), time to prostate-specific
antigen (PSA) progression and safety indicators of grade
3–5 adverse events (AEs) and serious adverse events (SAEs).
The exclusion criteria were as follows: 1) patients did not have
mHSPC; 2) studies that did not have any relevant or original data;
3) non-RCTs such as letters and case reports; 4) duplicate studies;
and 5) non-English articles.

2.3 Data extraction

The data were extracted according to the PRISMA guidelines.
The following data were extracted: the first author’s name,
publication date, participant characteristics, inclusion and
exclusion criteria, number of cases in each group, interventions,
follow-up duration, hazard ratios (HRs) of outcomes, 95%
confidence intervals (CIs), and number of AEs. When multiple
papers reported results from the same study at different stages, only
the most recent results were considered.

2.4 Risk of bias assessment

A risk of bias assessment was carried out by two authors
independently using the revised Cochrane Collaboration Risk of
Bias Tool (RoB) 2.0 (Sterne et al., 2019). Any disagreements were
resolved via discussion with a third author. The risk of bias was
categorized as “low risk of bias”, “some concerns” and “high risk of
bias”. Each study was evaluated on the following domains: selection
bias, performance bias, and detection bias. If all aspects were deemed
to have a low risk of bias, the entire study was considered to have a
low risk of bias. Conversely, if any aspect was determined to have a
high risk of bias, the whole study was classified as having a high risk
of bias; all other situations were categorized as having a moderate
risk of bias.

2.5 Data synthesis strategy

Three similar indicators related to PFS were used in different
studies, including rPFS (Armstrong et al., 2019; James et al., 2016;
Menges et al., 2022; Wang et al., 2021; Mandel et al., 2023; Hutton
et al., 2015; HHoyle et al., 2019; Sydes et al., 2018; Mori et al., 2022)
and cPFS (Davis et al., 2019; Armstrong et al., 2019; Yanagisawa
et al., 2022). Since the three were similar in definition and in most
studies, imaging progression occurred earlier than the aggravation of
clinical symptoms and death, we unified the three into one
“generalized PFS” in the current meta-analysis (James et al.,
2016). Subgroup analysis was performed according to tumor
burden (high-volume versus low-volume disease). In accordance
with the CHAARTED study criteria (Armstrong et al., 2019; Mandel
et al., 2023; Jian et al., 2022), high-volume disease (HVD) was
defined as the presence of visceral metastases and/or four or more
bone metastases, with at least one bone metastasis located outside
the spine and pelvis.

2.6 Statistical analysis

Our NMA was conducted using the “gemtc” and “rjags” packages
of R 4.0.5 software, employing theMonte CarloMarkov Chain (McMc)
methodwithin a Bayesianmodels. BayesianNMA is a statisticalmethod
used to combine the results of multiple independent studies to obtain
more accurate estimates and inferences (Uhlmann et al., 2018). Forest
plots and network diagrams were generated for each outcome. HRs and
95% CIs were calculated for each intervention by using the consistency
model. The benefits of treatments were ranked using the Surface Under
the Cumulative Ranking Curve (SUCRA). The SUCRA index spans
from 0 (or 0%) to one (or 100%), with the treatment scoring the highest
SUCRA value deemed the optimal choice, and the one with the lowest
SUCRA value considered the least effective. The analysis employed four
model chains, an initial value of 2.5, a sampling number of 5,000, and
50,000 iterations with a step size of 10. The “mtc.anohe” command in
the “gemtc” package was utilized, and trace plotting and density plotting
methods were employed to evaluate the model’s convergence (Shim
et al., 2019; Rücker and Schwarzer, 2016; Woods et al., 2010). We
extracted the “number of patients with grade 3–5 AEs/total patients”
from each group and calculated the odds ratio (OR) and 95% CIs.

3 Results

3.1 Study selection and characteristics

A total of 2,115 articles were retrieved during the literature
search. Following the removal of duplicate studies using EndNote
19.0, along with manual elimination, and conducting preliminary
and fine screening based on the established inclusion and exclusion
criteria, 2,107 articles were excluded. Ultimately, eight articles,
comprising five RCTs (ENZAMET, PEACE-1, ARASENS,
ARCHES, and TITAN), were included (Figure 1). Table 1
provides the basic information for each study. The number of
patients in each study ranged from 113 to 1,305, with a median
age spanning from 41 to 70 years. The median follow-up time varied
between 34 and 83.9 months.
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Three studies—ENZAMET, PEACE-1, and ARASENS—utilized
a combination therapy involving ARSis, whereas the remaining two
studies, TITAN and ARCHES, employed sequential therapy with
ARSis. A total of 2,518 individuals were administered the
combination therapy, and 318 underwent sequential therapy. The
median age of patients in both treatment groups was comparable, as
were their Gleason scores and metastatic stages at the time of initial
diagnosis. The sequential therapy group exhibited lower serum PSA
levels compared to the combination therapy group, and no subgroup
analyses were conducted to assess the impact on patients with high
and low tumor burdens within the sequential therapy
group. (Table1, Supplementary Material 3).

3.2 Risk of bias assessment

The risk of bias for each study is provided in Supplementary
Material 2. The included studies were phase III RCTs, and the risk of
bias for all five trials was deemed to be low.

3.3 Overall survival (OS)

All five studies analyzed OS (Supplementary Material 4). The
network diagram depicting different interventions for mHSPC is

presented in Figure 2A. The trace plot and density plot showed
perfect model convergence (SupplementaryMaterial 10). The results
showed that compared with ADT + docetaxel, ARSis sequential
therapy (HR: 0.87, 95% CI: 0.55–1.38) (Figure 3A) did not yield a
statistically significant improvement in OS for mHSPC patients;
ARSis combined therapy (HR: 0.74, 95% CI: 0.59–0.98) (Figure 3A)
significantly improved OS in mHSPC patients. Furthermore, when
ARSis sequential therapy was compared with ARSis combined
therapy, no statistically significant difference was observed in OS
(HR: 1.17, 95% CI: 0.69–1.96) (Figure 3B). ARSis combined therapy
appeared to offer the most substantial improvement in OS, followed
by ARSis sequential therapy, and lastly ADT + docetaxel therapy,
based on their respective SUCRA values of 0.88, 0.50, and 0.14
(Supplementary Material 9A, 11A).

In the ARSis combined therapies, when compared with ADT +
docetaxel, different ARSis exhibited comparable efficacy in
improving OS for mHSPC patients (Supplementary Material 6A,
B). In terms of rank probability, docetaxel + ADT + darolutamide
had the highest probability of being ranked the best (SUCRA 0.79),
followed by docetaxel + ADT + abiraterone (SUCRA 0.65) and
docetaxel + ADT + enzalutamide (SUCRA 0.39) (Supplementary
Material 9B, 11B). In ARSis sequential therapies, when compared
with ADT + docetaxel, enzalutamide and apalutamide showed
similar effects in improving OS for mHSPC patients
(Supplementary Material 6C, D), with enzalutamide having the

FIGURE 1
The flow chart of literature review screening.
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TABLE 1 Characteristics of the included studies.

ARSi combined with DOC + ADT ARSi sequential to DOC + ADT

Trial ARASENS (N = 1305) PEACE-1 (N = 710)a

(Total pts: 1172)
ENZAMET (N =
503)a

(Total pts: 1125)

ARCHES (N = 205)a

(Total pts: 1150)
TITAN (N = 113)a

(Total pts: 1052)

First author Smith MR Fizazi K Davis ID Armstrong AJ Chi KN

Year 2022 2022 2019 2019 2019

Experimental arm Darolutamide + DOC
+ ADT

Abiraterone +
DOC + ADT

Enzalutamide +
DOC + ADT

Enzalutamide +
DOC + ADT

Apalutamide + DOC + ADT

Control arm DOC + ADT DOC + ADT DOC + ADT DOC + ADT DOC + ADT

The use of
docetaxel

Six cycles of docetaxel
were administered
concurrently with ARSI
after randomization

Six cycles of docetaxel were
administered concurrently
with ARSI. The first docetaxel
cycle had to be administered
within 14 days after
randomisation

Docetaxel for a
maximum of
6 cycles
up to 2 cycles
were
permitted before
randomization

Up to 6 cycles, with the last
dose ≤2 months prior to
randomization and with no
evidence of progression during
treatment or before
randomization

Up to 6 cycles, with the last
dose ≤2 months prior to
randomization and with no
evidence of progression during
treatment or before
randomization

Patients no.
(Exp. vs Ctrl.)

651/654 355/355 254/249 103/102 58/55

Age, years (Exp.) 67 (range: 41–89) 67 (range: 37–94) 69.2 (IQR:
63.2–74.5)

67 (range: 46–84) 69 (range:45–94)

Age, years (Ctrl.) 67 (range: 42–86) 66 (range: 43–87) 69.0 (IQR:
63.6–74.5)

68 (range: 42–83) 68 (range:43–90)

Serum PSA level -
ng/ml (Exp.)

Median (Range)
30.3 (0.0–9219.0)

Median (IQR)
14 (2–59)

NR Median (Range)
0.8 (0.0–493.7)

Median (Range)
5.97 (0–2682)b

Serum PSA level -
ng/ml (Ctrl.)

Median (Range)
24.2 (0.0–11,947.0)

Median (IQR)
12 (3–60)

NR Median (Range)
0.76 (0.0–280.8)

Median (Range)
4.02 (0–2229)b

Gleason score at
initial diagnosis
-no. (%)(Exp.)

<8:122 (18.7)
≥8:505 (77.6)

<8:79 (23%)
≥8:270 (77%)

<8:27%b

≥8:59.5%b

<8:23 (22.3%)
≥8:76 (73.8%)

<8:33.1%b

≥8:66.9%b

Gleason score at
initial diagnosis
-no. (%)(Ctrl.)

<8:118 (18.0)
≥8:516 (78.9)

<8:71 (20%)
≥8:276 (80%)

<8:29%b

≥8:57.1%b

<8:26 (25.5%)
≥8:72 (70.6%)

<8:32.1%b

≥8:67.9%b

Metastasis stage at
initial diagnosis
-no. (%) (Exp.)

M1: 558 (85.7)
M0: 86 (13.2)

M1: 100% M1: 57.7%b

M0: 42.3%b

M1: 88 (88%)
M0: 12 (12%)

M1: 78.3%b

M0: 16.2%b

Metastasis stage at
initial diagnosis
-no. (%) (Ctrl.)

M1: 566 (86.5)
M0: 82 (12.5)

M1: 100% M1: 58.2%b

M0: 41.8%b

M1: 85 (83.3%)
M0: 17 (16.7%)

M1: 83.7%b

M0: 11.2%b

HVD vs LVD
no. (Exp.)

497/154 224/131 177/77 73/30 NR

HVD vs LVD no.
(Ctrl.)

508/146 232/123 179/70 72/30 NR

Completion of six
docetaxel cycles
(Exp. vs Ctrl.)

87.6% vs 85.5% median 6 cycles in both arms
(IQR 6–6)

65.4% vs 76.1% 86.4% vs 89.2% median 6 cycles
in both arms

HR for OS (95% CI)

All patients 0.68 (0.57–0.80) 0.75 (0.59–0.95) 0.90 (0.62–1.31) 0.74 (0.46–1.20) 1.12 (0.59–2.12)

HVD 0.69 (0.57–0.82) 0.72 (0.55–0.95) 0.97 (0.64–1.46) NR NR

LVD 0.68 (0.41–1.13) 0.83 (0.50–1.39) 0.65 (0.25–1.71) NR NR

HR for rPFS✝ (95% CI)

All patients NR 0.50 (0.34–0.71) 0.48 (0.37–0.62) 0.52 (0.30–0.89) NR

(Continued on following page)
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TABLE 1 (Continued) Characteristics of the included studies.

ARSi combined with DOC + ADT ARSi sequential to DOC + ADT

HVD NR 0.47 (0.30–0.72) 0.51 (0.38–0.69) NR NR

LVD NR 0.58 (0.29–1.15) 0.37 (0.20–0.67) NR NR

aSubgroup of patients who received docetaxel chemotherapy.✝clinical Progression-free survival (cPFS) in ENZAMET, study; ARSI: androgen receptor signaling inhibitors; ADT: androgen

deprivation treatment; DOC: docetaxel; Exp.: experimental arm; Ctrl.: control arm; OS: overall survival; rPFS: radiographic progression-free survival; IQR: interquartile range; NR: not reported;

HVD: patients with high volume disease; LVD: patients with low volume disease.
bData from all patients in the trial, not only those with docetaxel use.

FIGURE 2
The network plot of network meta-analysis. Legend: overall survival (A), generalized progression-free survival (B), grade 3–5 adverse events (C).
Each circle indicates a treatment node. Lines connecting 2 nodes represent direct comparisons between 2 treatments. The size of the nodes is
proportional to the number of trials evaluating each treatment. The thickness of the lines is proportional to the number of trials directly comparing the
2 connected treatments.
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highest rank probability (SUCRA 0.83) (Supplementary
Material 9C, 11C).

3.4 Generalized PFS

Excluding ARASENS, the remaining four studies reported
rPFS or cPFS (Figure 2B). Two of these studies (ARCHES,
TITAN) implemented ARSis sequential therapy, whereas the
other two (PEACE-1, ENZAMET) utilized ARSis combined
interventions. The findings showed that, in comparison with
ADT + docetaxel, both ARSis sequential therapy (HR: 0.50,
95% CI: 0.27–0.91) and ARSis combined therapy (HR: 0.49,
95% CI: 0.30–0.80) significantly enhanced generalized PFS in
mHSPC patients (Figure 3C). However, upon comparing ARSis
sequential therapy with ARSis combined therapy, no statistically
significant difference was found in terms of improving
generalized PFS for mHSPC patients (HR: 1.03, 95% CI:
0.47–2.22) (Figure 3D). ARSis combined interventions
appeared to offer the greatest improvement in generalized
PFS, followed by ARSis sequential interventions and finally
ADT + docetaxel according to their SUCRA values of 0.76,
0.73 and 0.01, respectively (Supplementary Material 9F, 11F).

In terms of ARSis combination therapy, different ARSis showed
similar effects in improving generalized PFS (docetaxel + ADT +
enzalutamide: HR: 0.48, 95% CI: 0.19–1.25; docetaxel + ADT +
abiraterone: HR: 0.50, 95% CI: 0.19–1.32) (Supplementary Material
6J, K). In ARSis sequential therapy, enzalutamide and apalutamide
showed similar effects in improving rPFS for mHSPC patients

(docetaxel + ADT + apalutamide: HR: 0.52, 95% CI: 0.16–1.52;
docetaxel + ADT + enzalutamide: HR: 0.48, 95% CI: 0.15–1.56)
(Supplementary Material 6L, M).

3.5 Time to PSA progression

Regarding the time to PSA progression, two noteworthy studies
(ARCHES and ENZAMET) were examined (Supplementary
Material 5I). The results revealed that compared to docetaxel,
enzalutamide sequential therapy (HR: 0.22, 95% CI: 0.03–1.67)
and enzalutamide combined therapy (HR: 0.46, 95% CI:
0.06–3.07) exhibited a favorable trend in enhancing the time to
PSA progression in mHSPC patients (Supplementary Material 6R).
However, when comparing the two enzalutamide therapies, no
statistically significant difference in improving the time to PSA
progression was observed in mHSPC patients (Supplementary
Material 6S, T).

3.6 Subgroup analysis

Sequential therapy lacks subgroup data on tumor burden, with
only three studies on ARSis combination therapy reporting
subgroup data on tumor burden; therefore, we only conducted a
subgroup analysis on ARSis combination therapy. The results
showed that in the HVD or LVD subgroups, there were no
statistically significant differences in OS and PFS for various
ARSis combination therapies (Supplementary Material 6).

FIGURE 3
The forest plot of networkmeta-analysis. Legend: overall survival (A, B), generalized progression-free survival (C, D), grade 3–5 adverse events (E, F).
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3.7 Satety

Only two ARSis combined studies (PEACE-1 and ARASENS)
conducted a detailed analysis of grade 3–5 AEs (Figure 2C). The
results showed that there was no significant difference between
abiraterone and darolutamide in grade 3–5 AEs (Figures 3E, F) or
SAEs (Supplementary Material 6U, V).

Currently, no data comparing the safety of sequential therapy
and combination therapy has been found in studies that meet the
inclusion criteria. The discussion will mention the post hoc analyses
of the ARCHES study, which analyzed the safety differences between
sequential therapy with docetaxel + ADT + enzalutamide versus
docetaxel + ADT versus ADT + enzalutamide.

4 Discussion

In recent years, the treatment regimen for patients with mHSPC
has shifted from ADT monotherapy to a combination of ADT and
docetaxel/abiraterone (ARSis) dual therapy. It is anticipated that this
will further evolve into a triple therapy regimen, including ADT,
docetaxel, and ARSis, for patients with HVD. The ongoing
refinement of treatment protocols has significantly improved
survival outcomes for mHSPC patients (Siegel et al., 2022; James
et al., 2017; Armstrong et al., 2021). ARSis directly modulate
androgen receptor signaling, whereas docetaxel indirectly targets
androgen receptor translocation by suppressing microtubule protein
polymerization (Hoyle et al., 2019; Tannock et al., 2004; Nader et al.,
2018; Thadani-Mulero et al., 2012; Rizzo, 2021). Consequently, these
two treatments can synergistically disrupt androgen receptor activity
(Maiorano et al., 2022). Results from the PEACE-1 and ARASENS
trials (Hoyle et al., 2019; Rizzo, 2021) have demonstrated that
initiating ARSis in conjunction with docetaxel and ADT can
enhance patient OS more effectively than dual therapy with ADT
and docetaxel alone. Furthermore, the latest meta-analysis data
(Mori et al., 2022; Jian et al., 2022; Thadani-Mulero et al., 2012)
indicates that triple therapy leads the pack in terms of OS benefits.

However, the optimal sequence of chemotherapy and ARSis
remains to be determined, despite some opinions suggesting that the
efficacy of ARSis could be compromised if preceded by docetaxel
(Rice et al., 2019). In clinical practice, the sequential use of ADT +
docetaxel therapy, followed by ARSis, is commonly employed,
primarily based on two considerations. 1) Currently, those who
initially receive docetaxel chemotherapy are generally mHSPC
patients with HVD. However, not all patients with HVD may
require an aggressive treatment regimen that combines docetaxel
and ARSis from the outset. 2) Initiating therapy with a more intense
regimen can lead to more severe side effects and a greater financial
burden for patients. In contrast, sequential therapy with ARSis
following docetaxel is less harsh and has better patient compliance.

To evaluate the effectiveness of the aforementioned sequential
therapy compared to combination therapy, and then provide a basis
for treatment options, we undertook a NMA of ARSis administered
concurrently with or following ADT+ docetaxel for themanagement of
mHSPC. This study encompassed a group of patients from the
ARCHES and TITAN trials who had previously received ARSis
post-docetaxel as the sequential therapy cohort, and patients from
the ENZAMET, PEACE-1, and ARASENS studies who were treated

with ARSis and docetaxel simultaneously as the combination
therapy cohort.

Table 1 shows that compared to ADT + Doc, the HR value for
sequential ADT + Doc + Apa is 1.12, which is greater than 1,
indicating a trend towards a negative effect, but this is not
statistically significant. This is a common phenomenon in
research. Primarily, this can be attributed to two factors: 1) a
small sample size (n = 58/55); 2) There are many factors
affecting OS (such as tumor burden, etc.). Therefore, the
comparison results still look forward to verification with larger
sample size data.

To our knowledge, this study represents the first comparative
analysis of the distinctions between sequential and combination
treatment regimens. The findings indicated that there was no
significant difference in OS, PFS, or time to PSA progression
between sequential therapy and combination therapy. Although
combination regimens are theoretically anticipated to outperform
sequential regimens due to their increased intensity, this study
observed minimal differences in generalized PFS (HR: 1.03, 95% CI:
0.47–2.22). Moreover, while combination regimens were ranked higher
in terms of OS, the advantage over sequential therapy was not
statistically significant (HR: 1.17, 95% CI: 0.69–1.96). These
outcomes lend support to the adoption of sequential regimens for
specific patient populations, such as mHSPC patients with HVD, who
are relatively older, have multiple comorbidities, and are concerned
about the side effects of treatment.

Due to the absence of stratified data on HVD and LVD among
patients receiving sequential treatments, we compared the data for
HVD and LVD subgroups across various combination regimens.
The findings indicated that there was no significant difference in
efficacy among triple therapies involving darolutamide, abiraterone,
and enzalutamide. However, darolutamide triple therapy emerged as
the most effective in terms of the ranking of curative effects.

The increased toxicity associated with intensive therapy can
influence clinical decision-making greatly. Due to the limited safety
data from subgroup studies, it was not possible to compare the safety
differences between sequential therapy and combination therapy. In
ARASENS and PEACE-1, the incidence of AEs were highest during the
first 6 months of treatment, just the overlapping period when ARSis
were administered in combination with docetaxel. In PEACE-1 and
ENZAMET, grade 3–5 AEs were reported more frequently in
experimental groups compared with that in the control groups. This
suggests that the safety of ARSis in combination with docetaxel should
be paid more attention to. Specifically, hypertension (6.4% vs 3.2%) was
the only significantly elevated grade 3 to 4 adverse effect in ARASENS.
Among patients receiving docetaxel in PEACE-1, moderate differences
were seen in grade 3 or worse AEs for hypertension (22% vs 13%) and
hepatotoxicity (6% vs 1%). For patients treated with docetaxel in
ENZAMET, neutropenia was the only grade 3 or 4 adverse effect
that occurred more frequently (Hussain et al., 2024).

Docetaxel is associated with high frequencies of AEs, but due to
limited time of administration, the AEs will be significantly reduced
and often well controlled after the chemotherapy cycles. At this time,
sequential ARSis should have certain advantages from the safety
point of view, especially for elderly and weak patients. In TITAN,
there was no substantial difference in the safety profile of
apalutamide between patients with or without prior docetaxel.
Post hoc analyses results from the ARCHES study Azad et al.,
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2022 showed that the incidence of total adverse events (AEs) (70/
103, 68% vs 254/469, 54.2%), fatigue (34/103, 33.0% vs 39/469,
8.3%), and hypertension (10/103, 9.7% vs 104/469, 22.2%) was
slightly higher in the docetaxel + ADT + enzalutamide group
compared to the ADT + enzalutamide group, and similar to that
of docetaxel + ADT (total AEs 64/102, 62.7%; fatigue 30/102, 29.4%;
hypertension 9/102, 8.8%), but there lacked data of grade 3–4 AEs.
Future prospective head-to-head studies comparing the safety and
efficacy of abiraterone/enzalutamide sequential or in combination
with docetaxel will shed more light on these issues.

The limitations of this paper are as follows. 1) The sample size of the
sequential treatment group is relatively small, which diminishes the
statistical power. 2) The ENZAMET, ARCHES, and TITAN trials were
not strictly designed in accordance with three-drug combination
therapy or sequential therapy protocols. The data utilized in this
paper are derived solely from the outcomes of subgroup analyses.
The quality and reliability of these data should be scrutinized with care.
3) There is a deficiency in subgroup data for the sequential treatment
group, notably a scarcity of further stratification for patients with HVD.
To achieve more compelling results, larger-scale and specifically
designed clinical trials are required. 4) The absence of data
comparing the safety profiles of sequential therapy and combination
therapy leaves a gap in our understanding. There is an expectation for
research that addresses this safety aspect.

5 Conclusion

In summary, this study conducted a comprehensive review of
triple therapy regimens for mHSPC. The findings indicated that the
combination of ADT with docetaxel and an ARSi resulted in survival
benefits over ADT plus docetaxel alone. Furthermore, sequential
administration of an ARSi following ADT plus docetaxel also
demonstrated survival advantages compared to ADT plus
docetaxel alone. An indirect comparison of sequential therapy
and combination therapy suggested that sequential therapy is not
inferior in terms of efficacy and can be considered a viable treatment
option in clinical practice, particularly for patients with HVD who
are particularly concerned about treatment-related side effects.
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