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BACKGROUND: Androgen-receptor pathway inhibitors (ARPIs) have dramatically changed the management of advanced/
metastatic prostate cancer (PCa). However, their cardiovascular toxicity remains to be clarified.
OBJECTIVE: To analyze and compare the risks of cardiovascular events secondary to treatment of PCa patients with different ARPIs.
METHODS: In August 2023, we queried PubMed, Scopus, and Web of Science databases to identify randomized controlled studies
(RCTs) that analyze PCa patients treated with abiraterone, apalutamide, darolutamide, and enzalutamide. The primary outcomes of
interest were the incidence of cardiac disorder, heart failure, ischemic heart disease (IHD), atrial fibrillation (AF), and hypertension.
Network meta-analyses (NMAs) were conducted to compare the differential outcomes of each ARPI plus androgen deprivation
therapy (ADT) compared to standard of care (SOC).
RESULTS: Overall, 26 RCTs were included. ARPIs were associated with an increased risk of cardiac disorders (RR: 1.74, 95% CI:
1.13–2.68, p= 0.01), heart failure (RR: 2.49, 95% CI: 1.05–5.91, p= 0.04), AF (RR: 2.15, 95% CI: 1.14–4.07, p= 0.02), and hypertension
(RR: 2.06, 95% CI: 1.67–2.54, p < 0.01) at grade ≥3. Based on NMAs, abiraterone increased the risk of grade ≥3 cardiac disorder
(RR:2.40, 95% CI: 1.42–4.06) and hypertension (RR:2.19, 95% CI: 1.77–2.70). Enzalutamide was associated with the increase of grade
≥3 AF(RR: 3.17, 95% CI: 1.05–9.58) and hypertension (RR:2.30, 95% CI: 1.82–2.92).
CONCLUSIONS: The addition of ARPIs to ADT increases the risk of cardiac disorders, including IHD and AF, as well as hypertension.
Each ARPI exhibits a distinct cardiovascular event profile. Selecting patients carefully and vigilant monitoring for cardiovascular
issues is imperative for those undergoing ARPI+ ADT treatment.

Prostate Cancer and Prostatic Diseases (2025) 28:298–308; https://doi.org/10.1038/s41391-024-00886-0

INTRODUCTION
The introduction of androgen-receptor pathway inhibitors
(ARPIs), including abiraterone acetate, apalutamide, daroluta-
mide, and enzalutamide has significantly transformed the
treatment landscape for advanced/metastatic prostate cancer
(PCa) based on definitive survival benefits when added to
androgen deprivation therapy (ADT) [1, 2]. While these agents
prolong overall survival (OS) [3–15], the increased duration of
treatment necessitates careful selection of an appropriate ARPI,

taking into account its safety profile to decrease potential
adverse events (AEs). Furthermore, the type, rate, and severity of
AEs are affected by the patient’s general health state and
disease state (i.e., non-metastatic castration-resistant prostate
cancer [nmCRPC], metastatic castration-resistant prostate cancer
[mCRPC], metastatic/advanced hormone-sensitive prostate can-
cer [HSPC], biochemical recurrence [BCR]), requiring a detailed
assessment of each patient prior to the selection of the optimal
ARPI.
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In general, all ARPIs exhibit acceptable tolerability and safety
profiles in randomized controlled trials (RCTs) with an acceptable rate
of treatment discontinuation. A meta-analysis showed that the
incidence of AEs in mHSPC patients treated with ARPI and ADT is not
significantly different from those caused by standard of care (SOC)
[1]. However, data comparing system-specific types of AEs of ARPIs
and AE incidence across different PCa states are limited. Cardiac
disorders, which are the AEs with the highest potential for lethality,
have been reported in approximately 6–23% [4, 5, 9, 11, 12] of
patients treated with ARPI plus ADT across RCTs. The importance of
managing non-negligible cardiovascular events during ADT has been
a subject of treatment selection [16]. However, there is no
comprehensive data synthesizing the impact of ARPIs plus ADT
and specific types of ARPIs on the risk of subsequent cardiovascular
disease in PCa patients treated with ARPIs. This would have a
substantial impact on shared decision-making, especially for patients
with a long survival probability due to the cumulative risk (i.e.,
mHSPC patients with low-volume disease, slow progression nmCRPC
patients, or BCR patients). Therefore, we conducted this meta-analysis
to comprehensively assess the impact of ARPIs on the risk of
cardiovascular events and compare the differential outcomes based
on different ARPIs across all PCa states (i.e., nmCRPC, mCRPC,
metastatic/advanced HSPC, and BCR).

METHODS
Our study protocol is registered with the International Prospective
Register of Systemic Reviews database (PROSPERO:
CRD42023452885). This meta-analysis adheres to the guidelines
of the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) statement and AMSTAR2 checklist [17, 18].

Study selection and characteristics
A literature search was conducted in August 2023 using the
PubMed, Scopus, and Web of Science databases to identify studies
that investigated the incidence of cardiovascular events asso-
ciated with ARPI for advanced PCa. The comprehensive search
strategy is detailed in Supplementary Appendix 1. The primary
outcome of interest was the incidence of cardiovascular events.
Initial screening based on the titles and abstracts was performed
by two investigators to identify eligible studies. Studies deemed
potentially relevant underwent a full-text review. Disagreements
were settled by consensus with co-authors.

Inclusion and exclusion criteria
All RCTs assessing the AEs of ARPI, such as abiraterone,
enzalutamide, apalutamide, and darolutamide are included. We
utilized the PICO framework [19]. Included studies must have
evaluated patients with metastatic/advanced HSPC, nmCRPC,
mCRPC, or BCR (Population), treated with ARPI plus ADT
(Intervention), and compared to those treated with SOC (Compar-
ison) to assess the risk of cardiovascular events (Outcome). The
primary outcome of interest was the overall proportion of cardiac
disorders, which are defined according to the National Cancer
Institute’s Common Terminology Criteria for Adverse Events
(CTCAE). The secondary outcomes included the proportion of
heart failure, ischemic heart disease (IHD), atrial fibrillation (AF),
and hypertension. Observational or pooled studies, reviews,
letters, editorials, animal studies, study protocols, case reports,
meeting abstracts, replies from authors, and articles not published
in English were excluded. Furthermore, studies that did not
provide clear data regarding the frequency of AEs were also
excluded. References from all included papers were thoroughly
examined to identify further pertinent studies.

Data extraction
Two authors extracted data independently, including the first
author’s name, publication year, study design, and demographic

characteristics (such as age range and sample size), studied
medications, treatment dosage, type of AEs, and their frequency.
When the final report for AEs was not available, initial results were
utilized. Regarding some data that has not been published, we
received information directly from pharmaceutical companies
[20, 21]. All discrepancies were resolved by consensus with co-
authors.

Risk of bias assessment
Study quality and risk of bias were evaluated using the Risk-of-Bias
tool version 2 (RoB2) as outlined in the Cochrane Handbook for
Systematic Reviews of Interventions (Supplementary Fig. 1) [22].
The Risk-of-Bias assessments of each study were conducted
independently by two authors.

Statistical analyses
Meta-analysis. Forest plots with risk ratios (RRs) were utilized to
assess the association between ARPI plus ADT and various
cardiovascular events including cardiac disorder, heart failure,
IHD, AF, and hypertension, in comparison to SOC. The presence of
heterogeneity among the outcomes of included studies in this
meta-analysis was evaluated using Cochran’s Q test. In instances
of significant heterogeneity (p-value of　<0.05 in Cochran’s Q
test), we tried to investigate and explain the heterogeneity. Due to
the likely heterogeneity arising from different disease states, we
used a random-effects model to estimate RRs. To evaluate the
presence of publication bias, funnel plots were used (Supplemen-
tary Fig. 2). In case more than ten studies were included, Egger’s
test was also performed (Supplementary Fig. 3). All analyses were
carried out with R version 4.3.0 (R Foundation for Statistical
Computing, Vienna, Austria), and the statistical significance level
was set at p < 0.05.

Network meta-analysis (NMA). Network meta-analysis (NMA) was
used for the simultaneous comparison of AEs in multiple
treatment strategies and pooling of direct and indirect evidence.
For each endpoint, network forest plots were generated [23, 24].
For the assessment of AEs, arm-based analyses were performed to
estimate the RR of the AEs and 95% credible interval (CI) from
the available raw data presented in the included articles. The
relative effects were presented as RRs and 95% CIs. In addition, we
estimated the relative ranking of the different treatments for each
outcome using the surface under the cumulative ranking (SUCRA)
[23]. All statistical analyses were performed using R version 4.3.0 (R
Foundation for Statistical Computing, Vienna, Austria).

RESULTS
Study selection and characteristics
Following our selection criteria, we identified 26 RCTs (Fig. 1)
comprising 20,482 patients for meta-analyses and NMAs: three in
the nmCRPC state [10, 14, 15], ten in the mCRPC state
[9, 11–13, 25–30], two in the CRPC state [31, 32], eight in the
metastatic/advanced HSPC state [3–7, 33–35], and three in the
BCR state [36–38]. The median age of the patients ranged from 64
to 77 years, the median follow-up period ranged from 3.9 to
96 months, while the median duration of ARPI exposure was
between 3.8 and 58 months. Some studies also included the
concurrent use of prednisone or nonsteroidal antiandrogens in
addition to ADT as shown in Table 1. Most studies except for
NCT02294461 [26], ENABLE [31], and NCT02125357 [25] excluded
patients who had suffered clinically significant heart disease and
uncontrolled hypertension. The baseline characteristics of the
studies can be found in Table 1.

Assessment of risk of bias and quality of study
The risk of bias judgments of each domain for each included study
is summarized in Supplementary Fig. 1. All included studies had a
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low or moderate risk of bias owing to the nature of RCTs. The
quality assessment of this meta-analysis was performed according
to the AMSTAR2 checklist; overall confidence in the results of this
review was “High” (Supplementary Appendix 1) [18]. Funnel plots
of each analysis are depicted in Supplementary Fig. 2.

Cardiac disorder
Meta-analysis of ARPI+ ADT vs. SOC. These analyses were
restricted to studies involving abiraterone and enzalutamide
among ARPIs due to data availability. As shown in Table 2, ARPIs
were associated with a statistically significant increase in both any
grade (RR: 1.39, 95% CI: 1.10–2.22, p < 0.01) and grade ≥3 (RR: 1.74,
95% CI: 1.13–2.68, p= 0.01) cardiac disorder. Significant differ-
ences in disease state were observed for any grade cardiac
disorder (p= 0.03) in mCRPC (RR: 1.19, 95% CI: 0.91–1.54) and
mHSPC (RR: 1.75, 95% CI: 1.39–2.22). No significant difference was
observed at grade ≥3 cardiac disorder (p= 0.6) (Supplementary
Table 2). Cochran’s Q test revealed no significant heterogeneity in
the analyses.

Network meta-analysis. As shown in Table 3, abiraterone
increased the risk of both any (RR: 1.48, 95% CI: 1.05–2.08) and
≥3 (RR: 2.40, 95% CI: 1.42–4.06) grade cardiac disorder compared
to SOC. On the other hand, enzalutamide demonstrated no
statistically significant difference in either case (any grade cardiac
disorder: RR: 1.24, 95% CI: 0.80–1.92; grade ≥3 cardiac disorder: RR:
1.25, 95% CI: 0.73–2.13).　Based on the SUCRA analysis of
treatment rankings, abiraterone was ranked highest for its
association with the incidence of both any and grade ≥3 cardiac
disorder. Cochran’s Q test revealed significant heterogeneity for
any grade cardiac disorder (p= 0.03). Sensitivity analysis detected
the AFFIRM study [9] as the cause of significant heterogeneity
(Supplementary Fig. 6).

Heart failure
Meta-analysis of ARPI+ ADT vs. SOC. ARPIs plus ADT were
associated with an increased risk of grade ≥3 heart failure (RR:
2.49, 95% CI: 1.05–5.91, p= 0.04). For any grade heart failure,

statistical significance was not reached (RR: 1.60, 95% CI:
0.96–2.67, p= 0.07) (Table 2). No significant differences in risk
were noted between the three disease states for either any grade
or grade ≥3 heart failure (both p= 0.6) (Supplementary Table 2).
Cochran’s Q test revealed no significant heterogeneity in the
analyses.

Network meta-analysis. None of the ARPIs demonstrated sig-
nificant RR for both any grade and grade ≥3 heart failure (Table 3).
Based on the SUCRA analysis of treatment rankings, darolutamide
presented the highest risk of both any grade (27%) and grade ≥3
(30%) heart failure, followed by abiraterone. We did not find any
significant heterogeneity for both results.

Ischemic heart disease (IHD)
Meta-analysis of ARPI+ ADT vs. SOC. These analyses were
restricted to studies involving abiraterone and enzalutamide
among ARPIs due to data availability. ARPIs plus ADT were
associated with a statistically significant increase in the risk of any
grade IHD (RR: 2.36, 95% CI: 1.53–3.65, p < 0.001). However, the
increase in risk did not reach statistical significance for grade ≥3
IHD (RR: 2.04, 95% CI: 0.91–4.62, p= 0.09). Significant differences
in disease state were observed at any grade IHD (p= 0.03), with
BCR status showing a lower RR (RR: 0.95, 95% CI: 0.50–3.65)
compared to others (Supplementary Table 2). Cochran’s Q test
revealed significant heterogeneity for grade ≥3 IHD (p < 0.01).
Sensitivity analysis revealed the PREVAIL study [13] as a source of
this heterogeneity (Supplementary Fig. 5).

Network meta-analysis. As shown in Table 3, enzalutamide
showed a significantly higher incidence of any grade IHD
compared to SOC (RR 2.38, 95% CI: 1.32–4.30). In contrast,
apalutamide and enzalutamide did not demonstrate significant RR
for grade ≥3 IHD. According to SUCRA analysis for treatment
rankings, there is minimal difference in both any grade
(apalutamide: 25%, enzalutamide: 26%) and grade ≥3 (apaluta-
mide: 32%, enzalutamide: 31%) IHD. Significant heterogeneity was
found for both any (p= 0.01) and grade ≥3 (p < 0.01) IHD.
Sensitivity analyses identified the EMBARK study [36] as the source
of significant heterogeneity for any grade IHD and the PREVAIL
study [13] for grade ≥3 IHD (Supplementary Fig. 6).

Atrial fibrillation (AF)
Meta-analysis of ARPI+ ADT vs. SOC. ARPIs plus ADT were
associated with a statistically significant increase in the risk of
both any grade (RR: 1.41, 95% CI: 1.02–1.94, p= 0.04) and grade
≥3 (RR: 2.15, 95% CI: 1.14–4.07, p= 0.02) AF (Table 3). No
significant differences in risk were noted between the various
disease states for either any grade (p= 0.9) or grade ≥3 AF
(p= 0.8) (Supplementary Table 2). No heterogeneity was observed
in any of the analyses.

Network meta-analysis. Enzalutamide demonstrated a significant
increase in the risk of grade ≥3 AF (RR: 3.17, 95% CI: 1.05–9.58), but
not any grade AF. No other type of ARPI showed a significantly
higher incidence of both any grade and grade ≥3 AF (Table 3).
According to the SUCRA analysis for treatment ranking, abirater-
one had the highest risk for any grade AF (27%), and enzalutamide
for grade ≥3 AF (15%). No heterogeneity was observed in any of
the analyses.

Hypertension
Meta-analysis of ARPI+ ADT vs. SOC. ARPIs plus ADT were
associated with a statistically significant increase in the risk of
hypertension, both for all grades (RR: 1.68, 95% CI: 1.38–2.05,
p < 0.001) and grade ≥3 (RR: 2.06, 95% CI: 1.67–2.54, p < 0.001) as
shown in Table 2. No significant differences in disease states were
observed at any grade (p= 0.09) and grade ≥3 hypertension

Fig. 1 The preferred reporting items for systematic reviews and
meta-analyses (PRISMA) flow chart, detailing the article selection
process. PRISMA preferred reporting items for systematic reviews
and meta-analyses.
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(p= 0.8) (Supplementary Table 2). The Cochran’s Q test revealed
significant heterogeneity in the analysis for any grade hyperten-
sion (p < 0.01). Subgroups based on disease state and sensitivity
analyses were unable to identify the source of significant
heterogeneity for hypertension of any grade (Supplementary
Table 2 and Supplementary Fig. 5). However, the funnel plot
exhibited symmetry, and Egger’s test did not indicate significant
publication bias (F (1, 17)= 1.8, p= 0.2) (Supplementary Figs. 2, 3).

Network meta-analysis. Abiraterone and enzalutamide increased
the risk significantly in both any grade (abiraterone: RR 1.70; 95%
CI 1.32–2.19; enzalutamide: RR 2.08; 95% CI 1.61–2.70) and grade
≥3 hypertension (abiraterone: RR 2.19; 95% CI 1.77–2.70;
enzalutamide: RR 2.30; 95% CI: 1.82–2.92) compared to SOC as
shown in Table 3. Based on the SUCRA analysis of treatment
rankings, enzalutamide had the highest risk of both any grade and
grade ≥3 hypertension, followed by abiraterone. The Cochran’s Q
test revealed significant heterogeneity for any grade hypertension
(p < 0.001). The subgroup analyses based on disease state and
sensitivity analyses were unable to identify the source of
significant heterogeneity for any grade hypertension (Supplemen-
tary Table 3 and Supplementary Fig. 6).

DISCUSSION
This is the first meta-analysis and NMA to comprehensively
synthesize and compare the incidence of cardiovascular events in
advanced PCa patients treated with ARPIs. Our study presents
several key findings. First, our meta-analyses indicate that adding
ARPIs to ADT increases the risk of various cardiovascular events
compared to SOC. Second, our NMAs reveal that abiraterone plus
ADT increases the risk of cardiac disorder and hypertension
compared to SOC. Third, enzalutamide plus ADT was found to
increase the risk of IHD and hypertension compared to SOC based
on our NMAs.
Our analyses revealed that adding ARPIs to ADT increases the

risk of cardiac disorder by 39% compared to SOC, elevating the
risk of high-grade toxicity by 74%. In addition to these overall
trends, we observed notable increases in the risk of specific any
grade cardiac disorders: IHD up to 136% (104% for grade ≥3), AF

up to 41% (115% for grade ≥3), and hypertension up to 68%
(106% for grade ≥3). Although the increase in the risk of any grade
heart failure associated with ARPIs plus ADT was not statistically
significant, reaching up to 60%, a significant increase was
observed for grade ≥3 heart failure at 149%. It should be noted
that the majority of the RCTs included in our analyses excluded
patients with pre-existing significant heart disease and uncon-
trolled hypertension. Therefore, the actual incidence of cardiovas-
cular events in a broader patient population may be even higher
for both SOC and ARPI plus ADT.　This underscores the
importance of real-world data, which often includes all patients
to obtain a more comprehensive and realistic understanding of
the cardiovascular safety profile of ARPIs. For example, in a real-
world data study comprising 4962 mCRPC patients ARPIs were
associated with a threefold increase in the risk of major adverse
cardiovascular events (HR: 3.15, 95% CI: 2.03–4.89), an almost
fivefold increase in risk of acute coronary syndrome (HR: 4.94, 95%
CI: 2.36–10.33) and close to threefold increase in the risk of heart
failure (HR: 2.83, 95% CI: 1.53–5.25) [39].
In our NMAs, abiraterone was found to significantly increase the

risks of cardiac disorder (48%) and hypertension (70%). Interest-
ingly, abiraterone was not associated with any changes in the risk
of heart failure and AF. Abiraterone inhibits CYP17, reducing
cortisol but stimulating adrenocorticotropic hormone (ACTH)
levels, which in turn leads to hypertension [40]. To mitigate this
and other AEs, corticosteroids are coadministered to control
adrenocorticotropic hormone release. Nevertheless, despite corti-
costeroid co-administration, hypertension was observed in 3–70%
of cases across RCTs [5, 6, 11, 12, 25, 28–31, 36–38]. Hypertension
is a risk factor for several types of cardiac maladies such as heart
failure, IHD, AF, and valvular disease [41]. Real-world data
represented by Bretagne et al. [42], demonstrated that ADT plus
abiraterone increases the risk of hypertension (Odds ratio [OR]: 1.8,
95% CI: 1.5–2.0) and heart failure (OR: 1.5, 95% CI: 1.3–1.7)
compared to ADT alone. Although our analyses did not indicate an
elevated risk for heart failure and AF with abiraterone plus ADT, it
should be noted that long-term uncontrolled hypertension can
potentially lead to these consequences.
We found that adding enzalutamide to ADT increases the risk of

IHD by 138% and hypertension by 108% compared to SOC. Due to

Table 2. Summary of meta-analysis on cardiovascular events with ARSIs.

Data summary of included studies Pooled RR (95% CI), p-value Cochran’s Q test

Cardiac disorder Any grade 5 studies
5786 patients

1.39 (1.10–2.22), p < 0.01 p= 0.06

Grade ≥3 7 studies
6546 patients

1.74 (1.13–2.68), p= 0.01 p= 0.06

Heart failure Any grade 9 studies
11,255 patients

1.60 (0.96–2.67), p= 0.07 p > 0.9

Grade ≥3 7 studies
8988 patients

2.49 (1.05–5.91), p= 0.04 p > 0.9

IHD Any grade 6 studies
7215 patients

2.36 (1.53–3.65), p < 0.001 p= 0.03

Grade ≥3 5 studies
5820 patients

2.04 (0.91–4.62), p= 0.09 p < 0.01

AF Any grade 9 studies
9412 patients

1.41 (1.02–1.94), p= 0.04 p= 0.5

Grade ≥3 7 studies
7028 patients

2.15 (1.14–4.07), p= 0.02 p > 0.9

Hypertension Any grade 19 studies
17,180 patients

1.68 (1.38–2.05), p < 0.001 p < 0.001

Grade ≥3 16 studies
15,868 patients

2.06 (1.67–2.54), p < 0.01 p= 0.1

ARSI androgen receptor signaling inhibitor, RR risk ratio, CI Confidence Interval, IHD Ischemic heart disease, AF atrial fibrillation
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data availability limitations, our analysis of IHD was limited to only
apalutamide and enzalutamide. Within these limitations, our
findings indicated that enzalutamide was almost equivalent to
apalutamide in terms of IHD risk. Regarding myocardial infarction
(MI), a condition often considered a severe manifestation of IHD,
enzalutamide did not show a significant increase in MI (RR: 1.53,
95% CI: 0.64–3.62), but had a higher likelihood at SUCRA ranking
for MI (44%) compared to abiraterone (76%) (Supplementary
Table 5). The impact of enzalutamide on the cardiovascular system
may be attributed to its role in blocking androgen activity, which
could explain its cardiovascular effects. Furthermore, enzaluta-
mide has the potential to trigger apoptosis in cardiovascular cells
and provoke oxidative stress, contributing to the onset of
cardiovascular diseases [43]. Real-world data, by Liu et al. [43]
revealed that abiraterone carried a higher risk of MI than
enzalutamide (HR: 2.43, 95% CI: 2.03–2.91, p < 0.001). Similarly,
Conver et al. [44] also found a higher risk associated with
abiraterone compared to enzalutamide (HR: 2.04, 95% CI:
1.16–3.69). The discrepancy in the MI results of this study is due
to the real-world nature which included all patients and did not
use the selective criteria of RCTs. Moreover, the statistical power of
these RCTs may have been limited because of the low incidence of
IHD and MI.
Adding apalutamide to ADT was not found to increase the risk

of heart failure, IHD, AF, and hypertension. However, it had the
highest risk of IHD, followed by enzalutamide. Additionally, the RR
for MI was significantly higher than that of SOC (RR: 7.74, 95% CI:
1.00–60.06), with apalutamide ranking highest for MI risk in the
SUCRA ranking (Supplementary Table 5). Liu et al. [43] analyzed
real-world data to assess non-fatal MI and found apalutamide had
a significantly higher risk compared to enzalutamide (OR: 2.26,
95% CI: 1.53–3.32). The constrained quantity of studies conducted
on apalutamide could account for the observation that apaluta-
mide did not exhibit a statistically significant increase in the risk of
cardiovascular events except MI. Due to the similarity of
apalutamide and enzalutamide, it is crucial to pay adequate
caution regarding cardiovascular events.
For darolutamide, our analyses were limited to heart failure and

hypertension due to the lack of data arising only from the ARAMIS
trial [10]. Within this limited data, there was no significant increase
in heart failure and hypertension with the addition of daroluta-
mide to ADT compared to SOC. Due to the limitations of data
availability, the safety profile of darolutamide remains unclear.
Although the ARASENS trial [45] demonstrated a higher incidence
of hypertension with darolutamide added to docetaxel+ ADT
compared to docetaxel+ ADT (RR: 1.48, 95% CI: 1.09–2.01), no
significant increase was observed for cardiac disorder, coronary
artery disorder, and heart failure. Considering the outcomes of our
analyses and the ARASENS trial [45], darolutamide seems to be
one of the safer options among the ARPIs when it comes to
cardiac AEs. However, there is uncertainty around the safety
profile of darolutamide, and more data are needed to draw
definitive conclusions. The data from the ARANOTE trial [46],
which assesses darolutamide+ ADT vs. ADT alone in mHSPC
patients, are eagerly awaited.
The present study has several limitations that need to be

considered. First, this meta-analysis and NMA included RCTs that
varied significantly in terms of patient populations, disease states,
inclusion and exclusion criteria, and methods of reporting.
Therefore, we conducted subgroup analyses across the different
disease states. Despite this, our results need to be interpreted with
much caution due to the limited number of events and potential
sources of bias as outlined above. In addition, NMAs have a limited
value in comparing heterogeneous data and can only be
considered as an information source for proper patient selection.
No statistical adjustment can substitute a direct comparison of
each treatment in an RCT and is, therefore, only to be considered
as hypothesis-generating. Second, the follow-up duration andTa
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exposure duration to the drugs varied across the included studies,
potentially leading to inconsistencies in the reporting of AEs. It
should be noted that extended periods of treatment and
observation may intrinsically elevate the likelihood of AE
occurrence, therefore impacting the inter-study comparability.
Third, the unexplained heterogeneity for any grade of hyperten-
sion serves as a limitation and suggests caution in the
interpretation of our meta-analysis results. Fourth, due to
inconsistencies in how AEs were reported across studies, we
attempted to standardize the criteria for comparison. However,
this led to data limitations, reducing the number of studies that
could be included in the analysis for specific AEs except for
hypertension. Finally, it should be noted that ADT in itself is
known to pose a risk for cardiovascular events [47]. Additionally, in
some studies, the use of other agents, such as first-generation
antiandrogens, was permitted within the SOC group. It should also
be noted that the ARCHES [3], ENZAMET [4], and TITAN [7] trials
allowed the use of docetaxel as well after randomization, which
could further increase the risk of cardiovascular events [48–50],
potentially affecting the study outcomes and limiting the
generalizability of our findings.

CONCLUSION
In our investigation, we observed that adding ARPIs to ADT
elevates the likelihood of cardiovascular events in PCa patients
compared to SOC. NMAs highlighted distinct cardiovascular risk
profiles for various ARPIs. Abiraterone correlated with increased
risks of cardiac disorders and hypertension, while enzalutamide
showed elevated risks of IHD and hypertension. These findings
emphasize the imperative for meticulous patient selection,
counseling, optimization, and monitoring during the administra-
tion of these therapies. Additionally, it is important to note that
cardiac AEs may be even higher in real world.
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