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Background. Several novel androgen receptor antagonists have been introduced into the treatment of metastatic hormone-
sensitive prostate cancer (mHSPC). We conducted a meta-analysis to evaluate the survival and safety of the combination therapy
of novel androgen receptor antagonist and androgen-deprivation therapy (ADT) in patients with mHSPC. Methods. Electronic
databases were searched for randomized controlled trials (RCTs) of ADT combined with novel androgen receptor antagonists
compared with ADT alone in men with mHSPC. Revman 5.4 and STATA 14.0 were used to performed the meta-analysis, and
hazard ratio (HR) and odds ratio (OR) with 95% con�dence intervals (CIs) were used as the measurement indicators of outcome
variables. Results. Six RCTs were eventually identi�ed for meta-analysis. Compared with ADTalone, the combination therapy of
novel androgen receptor antagonists and ADT can signi�cantly improve the overall survival (OS) and progression-free survival
(PFS), as the pooled HR were 0.66, 95%CI (0.60, 0.72), P< 0.00001 and 0.43, 95%CI (0.34, 0.54), P< 0.00001, respectively, despite
increasing the risk of any serious adverse events (OR: 1.18, 95%CI (1.04, 1.33), P � 0.008). Discussion. is study showed that
compared with ADTalone, the combination therapy of novel androgen receptor antagonists and ADTcan signi�cantly improve
the survival status of mHSPC patients, while it increases the risk of serious adverse events.

1. Introduction

Prostate cancer (PC) is one of the most common male
malignant tumors and the momentous causes of cancer-
related death in the world. Globally, PC accounts for about
15% of the new cancer cases in men and has become the
second highest incidence of male cancer in the world after
lung cancer [1].

A considerable number of PC patients have had distant
metastasis at the time of treatment, among which bone
metastasis is the most common. Although metastasis has
occurred, the prognosis of metastatic PC is relatively better
than that of other advanced tumors [2]. e main reason is
that most newly diagnosed metastatic PC belongs to met-
astatic hormone sensitive prostate cancer (mHSPC). e
activity of tumor cells in both primary andmetastatic lesions

depends on androgens, and endocrine therapy based on
androgen deprivation therapy (ADT) is always needed [3, 4].

At present, ADT is the basic treatment for patients with
mHSPC, which can control and alleviate the condition of
most mHSPC and can obtain good clinical e¡cacy. Al-
though its initial e¡cacy is signi�cant, patients will develop
metastatic castration resistant prostate cancer (mCRPC)
after 18 months, and the median survival time is often less
than 2 years [5]. erefore, delaying the occurrence of
mCRPC is expected to further improve the survival of
mHSPC patients [6].

Since 2005, based on the in-depth study of the patho-
genesis of mHSPC, a variety of new treatment strategies and
drugs have signi�cantly improved the prognosis of mHSPC
patients, including docetaxel chemotherapy, new androgen
synthesis inhibitors, novel androgen receptor antagonist,
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Table 1: Search strategies for each database.

Search number Queries
Queries in pubmed
#1 Search “metastatic prostate cancer” (mesh)
#2 Search ((metastatic prostate cancer (title/abstract)) or metastatic pancreatic cancer (title/abstract))
#3 #1 or #2

#4 Search (((((androgen-deprivation therapy (title/abstract)) or abiraterone (title/abstract)) or enzalutamide (title/abstract))
or apalutamide (title/abstract)) or darolutamide (title/abstract))

#5 #3 and #4
Queries in cochrane
#1 MeSH descriptor: (metastatic prostate cancer) explode all trees
#2 ((Metastatic prostate cancer∗) or (metastatic pancreatic cancer∗)): Ti, ab, kw
#3 #1 or #2
#4 MeSH descriptor: (androgen-deprivation therapy) explode all trees

#5 ((Androgen-deprivation therapy∗) or (abiraterone∗) or (enzalutamide∗) or (apalutamide∗) or (darolutamide∗)): Ti, ab,
kw

#6 #4 or #5
#7 #3 and #6

Queries in embase
#1 ‘Metastatic prostate cancer’/exp or ‘metastatic pancreatic cancer’: Ti, ab

#2 ‘Androgen-deprivation therapy’: Ti, ab or ‘abiraterone’: ti, ab or ‘enzalutamide’: Ti, ab or ‘apalutamide’: Ti, ab or
‘darolutamide’: Ti, ab

#3 #1 and #2
Queries in WOS
#1 TS� (metastatic prostate cancer or metastatic pancreatic cancer)
#2 TI� (androgen-deprivation therapy or abiraterone or enzalutamide or apalutamide or darolutamide)
#3 #1 and #2

MeSH, Medical Subject Headings.

Id
en

tifi
ca

tio
n

In
cl

ud
ed

El
ig

ib
ili

ty
Sc

re
en

in
g

Records (n = 635) identified from:
PubMed (n = 336)
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Figure 1: Search strategy used for the inclusion of studies in meta-analysis.
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and targeted drugs for homologous recombination repair
defects [7–10]. In recent years, novel androgen receptor
antagonists have been used in some clinical trials in com-
bination with ADT in the treatment of mHSPC and have
achieved significant therapeutic effects. )eir representative
drugs include abiraterone, enzalutamide, apalutamide, and
darolutamide [11–14]. Our study integrated the overall ef-
fects of a variety of novel androgen receptor antagonists and
has compared the survival and safety of ADTcombined with
the above novel androgen receptor antagonist with that of
ADT alone by meta-analysis, in order to help clinicians
better understand the treatment and management of
mHSPC.

2. Methods

2.1. Literature Search Strategy. )e searchable databases
include PubMed, EMBASE, Cochrane Library, and Web of
Science, and two of the authors (X Wu and H Han)
searched the articles published from January 2000 to May
2022 on the treatment of mHSPC by using a combination
therapy of novel androgen receptor antagonists and ADT.
)e search was performed by the combination of the

following search terms using the Boolean operators “OR”
and/or “AND”: “metastatic prostate cancer,” “androgen-
deprivation therapy,” “abiraterone,” “enzalutamide,”
“apalutamide,” and “darolutamide.” A comprehensive
search of the literature was performed without restrictions
of publication language and publication status. In addition,
other two authors (C Zhang and W Song) manually
searched the references of the selected articles and the
previous meta-analysis to screen the potential relevant
citations. Detailed search strategies of the above databases
are presented in Table 1.

2.2. Study Selection. Studies that meet the following PICOS
principles were considered eligible for inclusion in the study:
(P) patients with mHSPC, (I) intervention therapy: com-
bination therapy of ADT and novel androgen receptor
antagonists, such as abiraterone, enzalutamide, apalutamide,
and darolutamide, (C) control therapy: ADT alone, (O)
outcomes: survival outcomes, such as overall survival (OS)
and progression-free survival (PFS), safety outcomes, such
as any adverse event (AE), grade 3 or 4 AE, any serious AEs,
and AEs leading to death, and (S) study design: we only
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Figure 2: Risk-of-bias assessment of each included studies.
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included randomized controlled trials (RCTs) with the
highest level of evidence quality.

2.3. Data Extraction and Quality Assessment. Two in-
dependent reviewers (X Wu and C Zhang) performed the
data extraction and quality assessment, and the disagree-
ments were resolved by consensus or by consulting a third
reviewer (W Song). )e following data were extracted: first
author’s name, year of publication, author’s country, trail
phase and name, intervention, number of patients assigned
to each group, and participant characteristics. )e subjective
assessment of the included studies’ methodological quality
was performed by all the authors by using the Cochrane
Collaboration tool.

2.4. Statistical Analysis. Revman (version 5.4, Cochrane
Collaboration) and STATA (version 14.0, STATA Corpo-
ration) were used to estimate the overall pooled effect size for
each outcome. )e prespecified survival outcomes were OS

and PFS, and the safety outcomes were different types of
AEs. Survival outcomes were reported as a hazard ratio (HR)
with 95% confidence intervals (CIs), and safety outcomes
were reported as an odds ratio (OR) with 95% CIs. )e chi
square test and I2 statistics were used to test the heteroge-
neity. It was generally believed that I2≥ 50% indicated
substantial heterogeneity. For homogeneous studies, the
fixed effect model was used to analyze; otherwise, the ran-
dom effect model was selected to calculate the pooled effect.
Funnel plots were created, and Beggar’s test and Egger’s
regression method were also applied to detect the potential
publication bias.

3. Results

3.1. Search Process. A total of 635 studies were identified
following the electronic search. After eliminating duplicate
literature searches, 567 studies were screened for titles and
abstracts, and 82 studies were considered potentially
suitable for inclusion. Following the full paper review, 6
articles met the final criteria for inclusion [15–20]. )e

Study or Subgroup log[Hazard Ratio] SE
Weight

(%)
Hazard Ratio
IV, Fixed, 95% CI

Hazard Ratio
IV, Fixed, 95% CI

1.1.1 ABI + ADT vs. ADT

1.1.3 ENZ + ADT vs. ADT

1.1.4 DAR+ ADT vs. ADT

Total (95%CI)

Armstrong 2019

Smith 2022

Davis 2019
Subtotal (95% CI)

Subtotal (95% CI)

1.1.2 APA + ADT vs. ADT
Chi 2019

Fizazi 2017
James 2017

Subtotal (95% CI)

Subtotal (95% CI)
Heterogeneity: Chi2= 0.01, df = 1 (P= 0.91); I2 = 0%

Heterogeneity: Chi2= 0.56, df = 1 (P= 0.46); I2 = 0%

Heterogeneity: Chi2= 1.62, df = 5 (P = 0.90); I2 = 0%

Heterogeneity: Not applicable

Heterogeneity: Not applicable

Test for overall effect: Z = 6.68 (P< 0.00001)

Test for overall effect: Z = 2.82 (P = 0.005)

Test for overall effect: Z = 4. 49 (P < 0.00001)

Test for overall effect: Z = 3. 18 (P = 0.001)

Test for overall effect: Z = 9.04 (P < 0.00001)
Test for subgroup differences: Chi2 = 1.05, df = 3 (P = 0.79), I2 = 0%

-0.478
-0.462

-0.4

-0.4
-0.211

-0.386 0.086 28.8

100.0

0.2 0.5
Favours [Test] Favours [Control]

1 2 5

28.8

0.219

0.142

0.128

10.6

4.4

0.67 [0.51, 0.89]

0.81 [0.53, 1.24]

0.68 [0.57, 0.80]
0.68 [0.57, 0.80]

0.66 [0.60, 0.72]

0.67 [0.52, 0.86]
0.70 [0.57. 0.87]

0.67 [0.51, 0.89]10.6

17.5
13.0

0.102
0.097

20.5
22.7
43.1 0.63 [0.51, 0.72]

0.63 [0.52, 0.76]
0.62 [0.51, 0.76]

Figure 3: Forest plot: comparison of the overall survival rate. ABI, abiraterone; ADT, androgen-deprivation therapy; ENZ, enzalutamide;
APA, apalutamide; DAR, darolutamide.
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search process and full inclusion/exclusion criteria are
shown in Figure 1.

3.2. Characteristics of Included Studies. Table 2 presents
a comprehensive description of each included article in our
study. )ese articles contained six RCTs, all of which were
phase III International studies. Novel androgen receptor
antagonists included abiraterone (n� 2), enzalutamide
(n� 2), apalutamide (n� 1), and darolutamide (n� 2). )ese
studies compromised 7748 patients, including 3870 in the
test group and 3878 in the control group.

3.3. Results of Quality Assessment. According to the evalu-
ation criteria of the Cochrane Collaboration tool, we made
a subjective quality evaluation after a careful reading of the
full text. For the included studies, each study generated
a random sequence for grouping and used the blinding
method. Intention to treat was not used in any studies.
)ree studies provided fewer outcome variables, and two
studies lacked the description of basic information of some

patients. Figure 2 summarizes the risk of bias for each
included study.

3.4.Meta-Analysis ofSurvivalOutcomes. )e summarization
of the OS and PFS of all the included studies are presented in
Table 3. Four articles reported that the OS rate in the test
group was higher than that in the control group. Except that
the HR value of the OS in ARCHES was not statistically
significant, and the CI of the HR of the other five articles was
less than 1, indicating that the therapy in the test group was
conducive to improve the OS rate.)ree articles reported the
median PFS time, and the results in the test group were also
higher than those in the control group. )e HR values of the
PFS in all six studies suggested that the therapy in the test
group was helpful to improve PFS.

3.4.1. OS. We performed a meta-analysis to calculate the
overall OS rate using the fixed effect model based on het-
erogeneity analysis (I2 � 0%). )e pooled HR was 0.66 with
95%CI (0.60, 0.72), while the P value of the overall effect was

Study or Subgroup

2.1.1 ABI + ADT vs. ADT

2.1.2 APA = ADT vs. ADT

2.1.2 ENZ + ADT vs. ADT

2.1.4 DAR + ADT vs. ADT

Fizazi 2017 -0.755

-0.713

-0.942

-0.494 0.083

-0.916

-1.238 0.078 17.4 0.29 [0.25, 0.34]
0.37 [0.23, 0.59]34.5

0.088

0.108

0.13
0.101 16.6

32.0

15.4

17.2
17.2

100.0

16.3
16.3

0.49 [0.40, 0.61]

0.39 [0.30, 0.50]

0.61 [0.52, 0.72]
0.61 [0.52, 0.72]

0.43 [0.34, 0.54]

0.40 [0.33, 0.49]
0.40 [0.34, 0.46]

0.49 [0.40, 0.61]

17.1 0.47 [0.40, 0.56]

log[Hazard Ratio] SE
Weight

(%)
Hazard Ratio

IV, Random, 95% CI
Hazard Ratio

IV, Random, 95% CI

Total (95%CI)

Armstrong 2019

Smith 2022

Davis 2019
Subtotal (95% CI)

Subtotal (95% CI)

Chi 2019

James 2017

Subtotal (95% CI)

Subtotal (95% CI)
Heterogeneity: Tau2= 0.11; Chi2 = 16.87, df = 1 (P< 0.0001); I2 = 94%

Heterogeneity: Tau2= 0.56, Chi2 = 0.02, df = 1 (P = 0.87); I2 = 0%

Heterogeneity: Tau2= 0.08; Chi2 = 46.84, df = 5 (P < 0.00001);I2 = 89%

Heterogeneity: Not applicable

Heterogeneity: Not applicable

Test for overall effect: Z = 4.13 (P< 0.0001)

Test for overall effect: Z = 6.60 (P < 0.00001)

Test for overall effect: Z = 11.61 (P < 0.00001)

Test for overall effect: Z = 5.95 (P < 0.00001)

Test for overall effect: Z = 7.08 (P < 0.00001)
Test for subgroup differences: Chi2 = 15.37, df = 3 (P = 0.002) I2 = 80.5% Favours [Test] Favours [Control]

0.2 0.5 1 2 5

Figure 4: Forest plot: comparison of progression-free survival. ABI, abiraterone; ADT, androgen-deprivation therapy; ENZ, enzalutamide;
APA, apalutamide; DAR, darolutamide.
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<0.00001 (Figure 3), which indicated that the test group
could significantly improve the OS rate compared with the
control group.

3.4.2. PFS. A similar analysis was conducted to evaluate the
overall PFS, and the result showed that the test group could
also significantly improve the PFS than the control group
(HR: 0.43, 95%CI (0.34, 0.54), P< 0.00001, fixed effect
model) (Figure 4).

3.5. Meta-Analysis of Safety Outcomes. AEs were used to
reflect the safety of the combination of novel androgen
receptor antagonists and ADT. )e summarization of any

AE, grade 3 or 4 AE, any serious AEs, and AEs leading to
death of all the included studies is presented in Table 4. )e
rates of any AE, grade 3 or 4 AE, any serious AEs, and AEs
leading to death in the test group and the control group were
96.1% vs 95.6%, 37.1% vs. 31.5%, 28.1% vs. 25.2%, 3.4% vs.
3.2%, and 96.1% vs. 95.6%, respectively.

3.5.1. AEs. We conducted a pooled analysis of the four types
of AEs (Figures 5–8).)e results showed that the any serious
AE rate of the test group was significantly higher than that of
the control group (OR: 1.18, 95%CI (1.04, 1.33), P � 0.008,
fixed effect model, Figure 7), However, there were no sta-
tistical difference in any AE rate (OR: 1.16, 95%CI (0.92,
1.46), P � 0.21, fixed effect model, Figure 5), grade 3 or 4 AE

Study or Subgroup Events
Test Control

Total
Weight

(%)Events Total
Odds Ratio

M-H, Fixed, 95% CI
Odds Ratio

M-H, Fixed, 95% CI

3.1.1 ABI + ADT vs. ADT
Fizazi 2017 558

943 948
597 557

950
602
960

1562

527509

509
527

1545

524507

487
563 563

572 493
548 558

11321135
1050

649

649
652
652 643

650
650 2.2 2.36 [0.61, 9.15]

2.36 [0.61, 9.15]2.2
643

3707
3856

3700
3871 100.0 1.16 [0.92, 1.46]

1041

574 54.5
0.4

54.8

0.94 [0.68, 1.31]

1.08 [0.79, 1.48]
21.57 [1.26, 369.07]

507
524

1501 1507

27.0
3.7

30.7

12.3
12.3

1.16 [0.74, 1.80]
1.99 [0.68, 5.83]
1.26 [0.83, 1.89]

1.05 [0.54, 2.07]
1.05 [0.54, 2.07]

3.1.3 ENZ + ADT vs. ADT

3.1.4 DAR+ ADT vs. ADT

Total (95%CI)

Armstrong 2019

Smith 2022

Davis 2019
Subtotal (95% CI)

Subtotal (95% CI)

3.1.2 APA + ADT vs. ADT
Chi 2019

James 2017

Subtotal (95% CI)

Subtotal (95% CI)
Total events

Total events

Total events

Total events

Total events

Heterogeneity: Chi2= 0.83, df = 1 (P= 0.36); I2 = 0%

Heterogeneity: Chi2= 4.93, df = 1 (P=0.03); I2 = 80%

Heterogeneity: Chi2= 7.69, df = 5 (P = 0.17); I2 = 35%

Heterogeneity: Not applicable

Heterogeneity: Not applicable

Test for overall effect: Z = 1.09 (P< 0.27)

Test for overall effect: Z = 0.15 (P = 0.88)

Test for overall effect: Z = 1.24 (P = 0.22)

Test for overall effect: Z = 0.47 (P = 0.64)

Test for overall effect: Z = 1.25 (P = 0.21)
Test for subgroup differences: Chi2 = 1.47, df = 3 (P = 0.69), I2 = 0%

0.01 0.1 1 10 100
Favours [Test] Favours [Control]

Figure 5: Forest plot: comparison of any adverse event. ABI, abiraterone; ADT, androgen-deprivation therapy; ENZ, enzalutamide; APA,
apalutamide; DAR, darolutamide.
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rate (OR: 1.22, 95%CI (0.93, 1.61), P � 0.14, random effect
model, Figure 6), and AEs leading to death rate (OR: 1.04,
95%CI (0.76, 1.44), P � 0.79, fixed effect model, Figure 5)
between the two groups.

3.6. Publication Bias. Funnel plot analysis for the outcomes
of OS, PFS, any AE, grade 3 or 4 AE, any serious AEs, and
AEs leading to death was performed to explore the publi-
cation bias, although the funnel plots seemed to be asym-
metric (Figure 9), neither Beggar’s test nor Egger’s test
showed any publication bias (Table 5).

4. Discussion

ADT is the cornerstone of mHSPC treatment. )e com-
monly used methods include surgical castration and drug
castration. Drug castration can be divided into gonadotropin
releasing hormone agonists and antagonists according to
different mechanisms of action. Recent studies have

confirmed that the ADT treatment, combined with che-
motherapy or new androgen receptor targeting agents, or
combined with local treatment of primary/metastatic le-
sions, can prolong the OS rate and can improve the quality of
life of patients [21–23]. ADT alone can only block the
production of androgens from the testis but cannot inhibit
the secretion of androgens and their derivatives from the
pituitary adrenal axis, nor can it block androgens produced
by prostate tumor cells; however, ADTcombined with novel
androgen receptor antagonists can block androgens from
multiple sources to a greater extent.

In this study, a meta-analysis was conducted on the
efficacy of ADT combined with novel androgen receptor
antagonists compared with ADT alone in the treatment of
mHSPC, and 6 RCTs were included. In terms of survival
outcomes, compared with ADT alone, ADT combined with
novel androgen receptor antagonists can significantly im-
prove the OS rate and PFS, which proved the survival benefit
of ADTcombined with novel androgen receptor antagonists.
In terms of safety outcomes, the combination of novel

Study or Subgroup

4.1.1 ABI + ADT vs. ADT
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Test Control
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Odds Ratio
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James 2017
Subtotal (95% CI)
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Total events

Total events
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Chi 2019
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Figure 6: Forest plot: comparison of grade 3 or 4 adverse event. ABI, abiraterone; ADT, androgen-deprivation therapy; ENZ, enzalutamide;
APA, apalutamide; DAR, darolutamide.
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androgen receptor antagonists and ADTwould increase the
rate of any serious AEs, while in other indicators such as any
AE, grade 3 or 4 AE, and AEs leading to death, there was no
statistical significance, which proved that the incidence of
toxic effects of ADTcombined with novel androgen receptor
antagonists and ADT alone was similar.

Wang [24] conducted a meta-analysis on the RCTs of
ADT combined with abiraterone acetate/enzalutamide/
apalutamide in the treatment of mHSPC. )e main ob-
servation indicators included the OS, PFS, the occurrence
of total AEs, and grade 3 or 4 AE. )e results showed that
ADT combined with novel androgen receptor antagonists
could significantly improve the efficacy of mHSPC patients
compared with ADT alone, but it can also increase the risk
of AEs such as joint pain. Rydzewska [25] conducted
a meta-analysis on the treatment of mHSPC with ADTplus
abiraterone acetate, although only two studies were

included, the results showed that adding abiraterone ace-
tate to ADT was a clinically effective treatment option for
mHSPC. Sweeney [26] conducted a meta-analysis on the
treatment of mHSPC with ADTplus enzalutamide, and the
report suggested that the survival rate of men with cancer
recurrence has been improved after adding enzalutamide to
ADT. Our study integrated the four currently known novel
androgen receptor antagonists (abiraterone/enzalutamide/
apalutamide/darolutamide) and combined the clinical
outcomes, and our results were similar to the above meta-
analysis results.

Abiraterone acetate is an androgen biosynthesis in-
hibitor, which can highly specifically and irreversibly bind to
the rate limiting enzymes CYP17A1, C17 lyase, and C20
lyase for androgen synthesis, thereby inhibiting the an-
drogen synthesis in testicular, adrenal, and prostate tumors
[27]. Enzalutamide, a second-generation androgen receptor
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Odds Ratio

M-H, Fixed, 95% CI

Fizazi 2017 165 597 146

165 146

602 1.19 [0.92, 1.55]
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Figure 7: Forest plot: comparison of any serious adverse events. ABI, abiraterone; ADT, androgen-deprivation therapy; ENZ, enzalutamide;
APA, apalutamide; DAR, darolutamide.
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antagonist, can block the nuclear transport of androgen
receptors and the binding of androgen receptors to DNA,
thus inhibiting the proliferation of PCa cells and inducing
apoptosis. )e drug binding affinity of enzalutamide was
5 ∼ 8 times higher than that of the first-generation bica-
lutamide [28]. Apalutamide is an improved androgen re-
ceptor antagonist, and its affinity with an androgen
receptor is 7 ∼ 10 times higher than that of kallukamine.
Under the condition of androgen receptor over expressions
and lack of androgens, apalutamide will not change from an
antagonist to an agonist and has stronger antitumor ac-
tivity [29]. Darolutamide is a new oral next-generation
androgen receptor antagonist, which can inhibit the drug
resistance of androgen receptor mutants. Due to its low
blood-brain barrier permeability, it has a high safety and
drug resistance and can reduce the risk of epileptic

symptoms. With the development of new drug research
and development, more and more novel androgen receptor
antagonists will be used in combination therapy in the
future [22].

)is study had some limitations. Firstly, although the
included studies were all multicenter, large sample, and
high-quality RCTs, the studies focused on a single novel
androgen receptor antagonist were relatively few, which
limit the subgroup analysis of a single drug. Secondly, the
studies included in the analysis were all carried out in the
recent 5 years, and the long-term effect, especially the long-
term recurrence rate and long-term cancer metastasis, has
not been observed. In addition, the baseline situation of the
patients in each study was different, which may lead to some
heterogeneity among studies, and reduce the overall quality
of the study.
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(%)Events Total
Odds Ratio
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Figure 8: Forest plot: comparison of the adverse events leading to death. ABI, abiraterone; ADT, androgen-deprivation therapy; ENZ,
enzalutamide; APA, apalutamide; DAR, darolutamide.
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5. Conclusions

In conclusion, ADTcombined with novel androgen receptor
antagonists is effective in mHSPC patients, which can ef-
fectively improve the survival status of patients, but the risk
of serious AEs also increases. Patients should strengthen the
monitoring of adverse reactions while receiving the novel
androgen receptor antagonist to avoid serious AEs as much
as possible. In clinical practice, combined with the treatment
conditions that can be met in various regions, different
combined treatment schemes can be selected on the basis of
ADT treatment according to the actual needs and physical
conditions of patients.

Data Availability

)e datasets used and analyzed during the current study are
available from the corresponding author upon reasonable
request.

Disclosure

All authors have completed the ICMJE uniform disclosure
form.)e authors are accountable for all aspects of the work,
including ensuring that any questions related to the accuracy
or integrity of any part of the work have been appropriately
investigated and resolved.

Conflicts of Interest

)e authors declare that they have no conflicts of interest.

References

[1] C. J. Sweeney, A. J. Martin, M. R. Stockler et al., “Overall
survival of men with metachronous metastatic hormone-
sensitive prostate cancer treated with enzalutamide and an-
drogen deprivation therapy,” European Urology, vol. 80, no. 3,
pp. 9406–9411, 2021.

[2] G. Attard, J. Richards, and J. S. de Bono, “New strategies in
metastatic prostate cancer: targeting the androgen receptor
signaling pathway,” Clinical Cancer Research, vol. 17, no. 7,
pp. 1649–1657, 2011.

[3] J. S. de Bono, C. J. Logothetis, A. Molina et al., “Abiraterone
and increased survival in metastatic prostate cancer,” New
England Journal of Medicine, vol. 365, pp. 766–768, 2011.

[4] M. R. Smith, F. Saad, S. Chowdhury, S. Oudard, and
E. J. Small, “Apalutamide and Overall Survival in Prostate
Cancer,” European Urology, vol. 79, pp. 150–158, 2020.

[5] A. Altavilla, C. Casadei, C. Lolli, C. Menna, and U. D. Giorgi,
“Enzalutamide for the treatment of nonmetastatic castration-
resistant prostate cancer,” Drug Design, Development and
4erapy, vol. 9, no. 3, pp. 3325–3339, 2020.

0

.05

–.8 –.6 –.4 –.2 0
Effect size

Funnel plot with pseudo 95% confidence limits

.1

.15

.2St
an

da
rd

 er
ro

r o
f e

ffe
ct

 si
ze

(a)

–.2 0 .2 .4 .6
Effect size

Funnel plot with pseudo 95% confidence limits
0

.05

.1

.15

.2St
an

da
rd

 er
ro

r o
f e

ffe
ct

 si
ze

(b)

–.1 -.05 0 .05 .1
Effect size

Funnel plot with pseudo 95% confidence limits
0

.01

.02

.03

.04

.05

St
an

da
rd

 er
ro

r o
f e

ffe
ct

 si
ze

(c)

–.2 0 .2 .4 .6
Effect size

Funnel plot with pseudo 95% confidence limits
0

.05

.1

.15

.2St
an

da
rd

 er
ro

r o
f e

ffe
ct

 si
ze

(d)

–.5 0 .5 .1
Effect size

Funnel plot with pseudo 95% confidence limits
0

.1

.2

.3

.4

St
an

da
rd

 er
ro

r o
f e

ffe
ct

 si
ze

(e)

–.1 -.5 0 .5 .1
Effect size

Funnel plot with pseudo 95% confidence limits
0

.1

.2

.3

.4St
an

da
rd

 er
ro

r o
f e

ffe
ct

 si
ze

(f )

Figure 9: Funnel plot of publication bias risk. (a) Overall survival rate, (b) progression-free survival, (c) any adverse event, (d) grade 3 or 4
adverse event, (e) any serious adverse events, and (f) adverse events leading to death.

Table 5: Publication bias by Egger’s test and Beggar’s test.

Outcomes
indicators

No. of
studies

P of Egger’s
test

P of Beggar’s
test

OS 6 0.177 0.573
PFS 6 0.865 0.851
Any AE 6 0.703 0.348
Grade 3 or 4 AE 6 0.090 0.188
Any serious AEs 5 0.641 0.892
AEs leading to
death 4 0.728 0.497

OS, overall survival; PFS, progression-free survival; AE, adverse event.

Journal of Oncology 13



[6] L. P. Rhea, S. Mendez-Marti, and J. B. Aragon-Ching,
“Darolutamide for treatment of castration-resistant prostate
cancer,” Drugs of Today, vol. 56, no. 3, p. 185, 2020.

[7] C. J. Ryan and M. L. Cheng, “Abiraterone acetate for the
treatment of prostate cancer,” Expert Opinion on Pharma-
cotherapy, vol. 14, no. 1, pp. 91–96, 2013.

[8] Y. Loriot, D. Bianchini, E. Ileana et al., “Antitumour activity of
abiraterone acetate against metastatic castration-resistant
prostate cancer progressing after docetaxel and enzaluta-
mide (MDV3100),” Annals of Oncology, vol. 24, no. 7,
pp. 1807–1812, 2013.

[9] S. Halabi, S. Jiang, E. Terasawa et al., “Indirect comparison of
darolutamide versus apalutamide and enzalutamide for
nonmetastatic castration-resistant prostate cancer,” 4e
Journal of Urology, vol. 206, no. 2, pp. 298–307, 2021.

[10] C. Massard and K. Fizazi, “Targeting continued androgen
receptor signaling in prostate cancer,” Clinical Cancer Re-
search, vol. 17, no. 12, pp. 3876–3883, 2011.

[11] D. B. Js, “Abiraterone and increased survival in metastatic
prostate cancer,” New England Journal of Medicine, vol. 365,
no. 186, pp. 766–768, 2011.

[12] T. D. Rachner, E. Tsourdi, and L. C. Hofbauer, “Apalutamide
and metastasis-free survival in prostate cancer,” New England
Journal of Medicine, vol. 378, no. 26, pp. 2541-2542, 2018.

[13] K. Fizazi, N. Shore, T. L. Tammela et al., “Darolutamide in
nonmetastatic, castration-resistant prostate cancer,” New
England Journal of Medicine, vol. 380, no. 13, pp. 1235–1246,
2019.

[14] D.)omson, N. Charnley, and O. Parikh, “Enzalutamide after
failure of docetaxel and abiraterone in metastatic castrate-
resistant prostate cancer,” European Journal of Cancer, vol. 50,
no. 5, pp. 1040-1041, 2014.

[15] N. D. James, J. S. De Bono, M. R. Spears et al., “Abiraterone for
prostate cancer not previously treated with hormone ther-
apy,” New England Journal of Medicine, vol. 377, no. 4,
pp. 338–351, 2017.

[16] K. Fizazi, N. Tran, L. Fein et al., “Abiraterone plus prednisone
in metastatic, castration-sensitive prostate cancer,” New En-
gland Journal of Medicine, vol. 377, no. 4, pp. 352–360, 2017.

[17] K. N. Chi, N. Agarwal, A. Bjartell et al., “Apalutamide for
metastatic, castration-sensitive prostate cancer,”New England
Journal of Medicine, vol. 381, no. 1, pp. 13–24, 2019.

[18] A. J. Armstrong, R. Z. Szmulewitz, D. P. Petrylak et al.,
“ARCHES: A Randomized, Phase III Study of Androgen
Deprivation )erapy with Enzalutamide or Placebo in Men
with Metastatic Hormone-Sensitive Prostate Cancer,” Journal
of Clinical Oncology, vol. 37, 2019.

[19] M. R. Smith, M. Hussain, F. Saad et al., “Darolutamide and
survival in metastatic, hormone-sensitive prostate cancer,”
New England Journal of Medicine, vol. 386, no. 12,
pp. 1132–1142, 2022.

[20] I. D. Davis, A. J. Martin, M. R. Stockler et al., “Enzalutamide
with standard first-line therapy in metastatic prostate cancer,”
New England Journal of Medicine, vol. 381, no. 2, pp. 121–131,
2019.

[21] E. J. Small, F. Saad, S. Chowdhury et al., “Apalutamide and
overall survival in non-metastatic castration-resistant prostate
cancer,” Annals of Oncology, vol. 30, no. 11, pp. 1813–1820,
2019.

[22] M. R. Smith, N. Shore, T. L. Tammela et al., “Darolutamide
and health-related quality of life in patients with non-
metastatic castration-resistant prostate cancer: an analysis
of the phase III ARAMIS trial,” European Journal of Cancer,
vol. 154, pp. 138–146, 2021.

[23] S. C. Schmid, A. Geith, A. Böker et al., “Enzalutamide after
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