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BACKGROUND: While the cardiovascular risks of androgen receptor pathway inhibitors have been studied, they were seldom
compared directly. This study compares the risks of major adverse cardiovascular events (MACE) between enzalutamide and
abiraterone among prostate cancer (PCa) patients.
METHODS: Adult PCa patients receiving either enzalutamide or abiraterone in addition to androgen deprivation therapy in Hong
Kong between 1 December 1999 and 31 March 2021 were identified in this retrospective cohort study. Patients who switched
between enzalutamide and abiraterone, initiated abiraterone used without steroids, or experienced prior cardiac events were
excluded. Patients were followed-up until 30 September 2021. The primary outcomes were MACE, a composite of stroke,
myocardial infarction (MI), Heart failure (HF), or all-cause mortality and a composite of adverse cardiovascular events (CACE) not
including all-cause mortality. The secondary outcomes were individual components of MACE. Inverse probability treatment
weighting was used to balance covariates between treatment groups.
RESULTS: In total, 1015 patients were analyzed (456 enzalutamide users and 559 abiraterone users; mean age 70.6 ± 8.8 years old)
over a median follow-up duration of 11.3 (IQR: 5.3–21.3) months. Enzalutamide users had significantly lower risks of 4P-MACE
(weighted hazard ratio (wHR) 0.71 [95% confidence interval (CI) 0.59–0.86], p < 0.001) and CACE (wHR 0.63 [95% CI: 0.42–0.96],
p= 0.031), which remained consistent in multivariable analysis. Such an association may be stronger in patients aged ≥65 years or
without diabetes mellitus and was independent of bilateral orchidectomy. Enzalutamide users also had significantly lower risks of
MI (wHR 0.57 [95% CI: 0.33–0.97], p= 0.040) and all-cause mortality (wHR 0.71 [95% CI: 0.59–0.85], p < 0.001).
CONCLUSION: Enzalutamide was associated with lower cardiovascular risks than abiraterone in PCa patients.
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INTRODUCTION
Globally, prostate cancer (PCa) is the second most common cancer
and fifth major cause of cancer mortality among males in 2020 [1].
Androgen deprivation therapy (ADT) has been a standard
treatment for PCa. However, PCa may progress to castration-
resistant PCa (CRPC) within several years of ADT initiation because
of tumor escape mechanisms [2]. Currently, androgen receptor
pathway inhibitors (ARPI) such as enzalutamide and abiraterone
acetate are used as one of the first-line treatments for metastatic
CRPC. Enzalutamide and abiraterone are well-tolerated and
improve survival when used with ADT. Furthermore, they improve
treatment efficacy when used in the early stages of PCa [3–5].
Nonetheless, with various ARPIs available, it is important to

consider their risk profiles in treatment decision-making. While

greater treatment response rates and survival benefits were
observed among enzalutamide users when compared to
abiraterone users [6, 7], their risks of adverse cardiac events
were seldom compared. In a recent meta-analysis of prospective
studies, abiraterone was found to have significantly higher
cardiotoxicity than enzalutamide [8]. Nonetheless, observational
studies which might provide further insight into the cardiac risks
of the two drugs in real-world practice are lacking. Furthermore,
most studies do not provide the comparative risk of individual
adverse cardiac events such as stroke, myocardial infarction (MI)
and heart failure (HF). Therefore, the aim of this study was to
compare the risks for major adverse cardiac events (MACE)
between enzalutamide and abiraterone use among patients
with PCa.
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METHODS
Source of data
This retrospective cohort study has been approved by the Joint Chinese
University of Hong Kong—New Territories East Cluster Clinical Research
Ethics Committee. It was performed in accordance with the STROBE
guideline.
All data were retrieved from the Clinical Data Analysis and Reporting

System (CDARS), a population-based electronic health records database
documenting key demographics, diagnoses, procedures, and medication
records of patients attending public healthcare institutions in Hong Kong.
All diagnoses are coded by the International Classification of Diseases, Ninth
Revision (ICD-9) codes. CDARS is linked to the Hong Kong Death Registry, a
governmental registry of all Hong Kong citizens’ death records, from which
mortality data may be obtained. Causes of mortality were encoded using
either ICD-9 or ICD-10 codes, depending on the year of death. This system
has been used extensively for conducting epidemiological studies by local
teams [9, 10]. Our team has previously studied the cardiovascular burden
and the effects of medications in prostate cancer patients who received
ADT [11, 12].

Study design and population
Adult patients (18 years old or above) diagnosed with PCa who were using
enzalutamide or abiraterone in addition to ADT in Hong Kong between 1
December 1999 and 31 March 2021 were included. Diagnosis of PCa was
determined by ICD-9 codes (Supplementary Table 1). ADT included
bilateral orchidectomy (BO), gonadotrophin-releasing hormone agonists,
and gonadotrophin-releasing hormone antagonists.
The following patients were excluded: (a) with both drugs in their

treatment course, (b) with the initiation of abiraterone use without
steroids, (c) with prior stroke, MI, and heart failure HF.

Follow-up and outcomes
All patients were followed-up from the day of enzalutamide or abiraterone
initiation (baseline date) until 30 September 2021. The primary outcome
were new-onset 4-point MACE (4P-MACE) defined as the first occurrence of
stroke, MI, HF, or all-cause mortality; it is one of the most common MACE
definitions used in observational studies [13], as well as a composite of
adverse cardiovascular events (CACE) defined as the first occurrence of
stroke, MI or HF to further demonstrate the cardiovascular morbidities
associated with enzalutamide/abiraterone. The secondary outcomes were
the individual components of 4P-MACE. Patients without 4P-MACE events
were censored at last follow-up. All causes of death were determined by
ICD codes (Supplementary Table 1).

Statistical analyses
All patients’ age and other comorbidities at baseline (hypertension,
diabetes, hyperlipidaemia, ischemic heart disease, chronic kidney disease,
and other malignancies), and the use of other medications (anticoagulant
and steroid), use of other treatments of PCa (prostatectomy, radiotherapy,
chemotherapy), duration of prior ADT, and prostate-specific antigen (PSA)
levels at baseline were recorded. The corresponding ICD-9 diagnostic
codes were shown in Supplementary Table 1.
Continuous variables were expressed as mean ± standard deviation,

while categorical variables were presented as number (percentage). To
account for the confounding effects of the aforementioned covariates, we
calculated propensity scores (PS) and applied inverse probability of
treatment weighting (IPTW) to estimate the average treatment effect on
the treated (ATT). PSA level at baseline was log-transformed before PS
calculation. Generalized boosted models (GBM) were used to estimate the
propensity scores, and we minimized the largest absolute standardized
mean differences (ASMD) of the covariates to choose the optimal iteration
[14]. ASMD were calculated for each covariate to examine the balance of
covariates between treatment groups, with values < 0.1 being considered
to represent good balance. Multivariable analysis was also performed with
the same set of covariates.
Cox regression was used to estimate the weighted hazard ratios (wHR)

of 4P-MACE and the 95% confidence intervals (CI). For multivariable
analysis, the summary statistics were adjusted hazard ratios (aHR) and 95%
CI. Schoenfeld test did not show any violation of the proportional hazards
assumption. Sensitivity analysis based on PS trimming at 1%, 2.5%, and 5%
was performed to assess bias from unmeasured confounding [15].
Kaplan–Meier curves were used to estimate 4P-MACE-free survival in the
weighted cohort.

All p values were two-sided, with values less than 0.05 considered
statistically significant. All statistical analyses were performed using R
software, version 4.2.0 (R Foundation for Statistical Computing).

Subgroup analyses
An a priori subgroup analysis was performed, comparing patients aged
<65 and ≥65 years, to explore whether the differences in cardiac risks
between enzalutamide and abiraterone are affected by age. A second a
priori subgroup analysis was performed for patients with or without
baseline diabetes mellitus to investigate whether the observed differences
are mediated by glycaemic control. A third a priori subgroup analysis was
performed for patients with or without BO, as BO may be associated with
adverse cardiovascular events [16].

Sensitivity analyses
Sensitivity analysis using PS trimming was performed to demonstrate the
robustness of our findings.

RESULTS
Study cohort
In total, 13,537 adult patients with PCa who received ADT were
identified. After excluding patients without enzalutamide or
abiraterone use (n= 11,955), those with both enzalutamide or
abiraterone use (n= 362), with the initiation of abiraterone use
without steroids (n= 1), with prior stroke, MI, or HF (n= 199), or
without baseline PSA (n= 5), 1015 patients (mean age 70.6 ± 8.8
years old) were included in the final analysis (Fig. 1), of whom 456
were enzalutamide users over a median duration of treatment of
6.5 (IQR 3.0–12.3) and 559 were abiraterone users over a median
duration of treatment of 5.5 (IQR 1.9–12.2). Baseline characteristics
of included patients were summarized in Table 1, which also
demonstrates good balance of all covariates by IPTW (ASMD < 0.1
for all).

Outcomes
Over a median follow-up period of 11.3 (IQR: 5.3–21.3) months,
591 (58.2%) patients had 4P-MACE, 114 (11.2%) patients had the
composite adverse cardiovascular event, 65 (6.40%) had MI, 37
(3.65%) had stroke, 21 (2.07%) had HF, 13 (1.3%) patients had CV
mortality, 334 (32.9%) patients had cancer-related mortality, and
575 (56.7%) had all-cause mortality. The results of Cox regression
are shown in Supplementary Table 2. Overall, enzalutamide users
had significantly lower risks of 4P-MACE (wHR 0.71 [95% CI:
0.59–0.86], p < 0.001) and CACE (wHR 0.63 [95% CI: 0.42–0.96],
p= 0.031) than abiraterone users, as visualized in the
Kaplan–Meier curve in Fig. 2. This association remained consistent
in the multivariable analysis (aHR 0.71 [95% CI: 0.60–0.84],
p < 0.001) as shown in Supplementary Table 3. Enzalutamide
users had significantly lower risks of MI (wHR 0.57 [95% CI:
0.33–0.97], p= 0.040) and all-cause mortality (wHR 0.71 [95% CI:
0.59–0.85], p < 0.001) than abiraterone users, as visualized in the
Kaplan–Meier curves in Fig. 3.

Subgroup analyses
In the subgroup analysis by age of patients aged ≥65 years old
(n= 738) or <65 years old (n= 277), only enzalutamide users aged
≥65 years old had significantly lower risks of 4P-MACE (p-value for
interaction= 0.677). Among patients with or without DM (n= 306
and n= 709, respectively), only enzalutamide users without DM
had significantly lower risks of 4P-MACE (p-value for interaction=
0.054). While the impact of DM could lead to similar cardiovas-
cular risks between the two treatment groups, the subgroup-
specific effects and borderline significant interaction effect may
suggest that DM affects the observed associations between
enzalutamide use and risks of 4P-MACE. Among both patients
with or without BO (n= 398 and n= 617, respectively), enzaluta-
mide users had significantly lower risks of 4P-MACE (p-value for
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interaction= 0.406). This suggested that BO did not affect the
observed associations between enzalutamide use and risks of 4P-
MACE. The results of subgroup analyses are summarized in Fig. 4.

Sensitivity analyses
PS trimming showed that enzalutamide use was significantly
associated with lower risks of 4P-MACE when the upper and lower
1%, 2.5%, and 5% of PS were trimmed (p < 0.01 for all). For the
CACE, the result remained significant when the upper and lower
1% of PS were trimmed (wHR 0.62 [95% CI 0.40–0.98], p= 0.039).

DISCUSSION
This retrospective cohort study showed that, enzalutamide use
was associated with significantly lower risks of 4P-MACE than
abiraterone use.

Potential mechanisms
Abiraterone selectively and irreversibly inhibits 17 alpha-hydro-
xylase/C17,20-lyase (CYP17A1), thereby suppressing androgen
synthesis. However, the inhibition of CYP17A1 may also
decreases cortisol level. The resulting negative feedback

Table 1. Baseline characteristics and balancing diagnostics before and after IPTW.

Characteristics All
(N= 1015)

Abiraterone
(n= 559)

Enzalutamide
(n= 456)

ASMD
before
IPTW

P-value
before IPTW

ASMD
after IPTW

P-value
after IPTW

Age, years 70.6 ± 8.8 69.7 ± 8.7 71.7 ± 8.8 0.23 <0.001 0.01 0.899

Diabetes, n (%) 306 (30.1) 130 (23.3) 176 (38.6) 0.32 <0.001 0.07 0.055

Hypertension, n (%) 804 (79.2) 430 (76.9) 374 (82.0) 0.13 0.047 0.02 0.571

Ischemic heart disease, n (%) 71 (7.0) 38 (6.8) 33 (7.2) 0.02 0.785 0.02 0.290

Chronic kidney disease, n (%) 31 (3.1) 17 (3.0) 14 (3.1) 0.002 0.979 0.006 0.588

Hyperlipidemia, n (%) 414 (40.8) 192 (34.3) 222 (48.7) 0.29 <0.001 0.06 0.078

Other malignancies, n (%) 55 (5.4) 32 (5.7) 23 (5.0) 0.03 0.634 0.02 0.365

Ever underwent prostatectomy,
n (%)

138 (13.6) 70 (12.5) 68 (14.9) 0.07 0.269 0.008 0.762

Ever underwent radiotherapy, n
(%)

21 (2.1) 13 (2.3) 8 (1.8) 0.04 0.525 0.004 0.704

Ever underwent chemotherapy,
n (%)

384 (37.8) 221 (39.5) 163 (35.7) 0.08 0.216 0.01 0.677

Androgen deprivation therapy
duration, months

38.9 ± 35.7 37.4 ± 36.5 40.6 ± 34.6 0.09 0.006 0.02 0.751

Anticoagulant use, n (%) 399 (39.3) 220 (39.4) 179 (39.3) 0.002 0.974 0.01 0.772

Prior steroid use, n (%) 562 (55.4) 356 (63.7) 206 (45.2) 0.37 <0.001 0.05 0.137

Prostate specific antigen*, ng/
mL

366 ± 966 356 ± 732 379 ± 1192 0.13 0.014 0.06 0.362

ASMD absolute standardized mean difference, IPTW inverse probability of treatment weighting.
*ASMD was calculated based on log-transformed values.

Fig. 1 Study flow chart for patient identification, inclusion and exclusion.
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increases adrenocorticotropic hormone secretion and thus the
synthesis of aldosterone. Increased aldosterone may lead to
hypokalaemia, which predisposes to arrhythmia and HF [17]. To
reduce the mineralocorticoid toxicity, current treatment guide-
lines recommend abiraterone to always be co-prescribed with
steroids. Although co-prescription significantly lowers the
cardiovascular risks, steroids may not fully counteract the
upregulation of mineralocorticoids [8, 18]. Moreover, many
steroids have intrinsic mineralocorticoid activities [19], which
may excessively stimulate mineralocorticoid receptors (MR).
Previous studies have identified three main processes linking
MR overactivation with cardiovascular diseases, namely oxida-
tive stress, inflammation and fibrosis, which can cause HF,
electrophysiological disturbances and vascular diseases such as
chronic hypertension [20]. Since in vitro evidence suggests that
MR expression in the heart increases with age [21], abiraterone
use in elderly may lead to increased MR activation and
significantly increase the risk of 4P-MACE. By contrast, enzalu-
tamide works by targeting the androgen receptor signaling
pathway [22]. As it does not inhibit androgen synthesis, there is
no mineralocorticoid excess and its disposition to adverse
cardiac events.
It is worthy to note that enzalutamide, when compared with

abiraterone, appears to be associated with a significantly
reduced cardiovascular risk in non-diabetic but not in diabetic
patients. Firstly, diabetic patients may develop substantial
macro- and micro- vascular complications via mechanisms such
as the formation of advanced glycation end-products, and
activation of protein kinase C [23]. These can increase the
cardiovascular risk in many ways, including the release of pro-
inflammatory molecules, increased vascular permeability, occlu-
sion of vasculature and excessive apoptosis [24, 25]. As a result,
the ‘testosterone bounce’ brought by enzalutamide may not be
effective in reversing the substantial vascular complications of
diabetes. Secondly, an in vitro study has suggested that diabetes
mellitus downregulates BKCa channel beta1-subunits, thus
leading to reduced activity of the BKCa channels [26]. As such,
the vasodilatory effect of enzalutamide-induced ‘testosterone
bounce’ may be diminished in patients with diabetes, thus
unable to prevent 4P-MACE [27].

Prior studies and future directions
Randomized controlled trials (RCTs) have explored the risks for
adverse cardiac events for enzalutamide or abiraterone indivi-
dually or when compared to placebo [8, 28]. Nonetheless, we
further compared the two drugs directly and studied adverse
cardiac events individually. Subsequently, a meta-analysis of
randomized controlled trials used surface under the cumulative
ranking curve (SUCRA) to show that abiraterone may be
associated with higher risks for adverse cardiac events than
enzalutamide, while enzalutamide may be associated with
higher risks for hypertension [29]. Nonetheless, SUCRA values
are largely dependent on estimated effect sizes, which are
variable [30]. On the other hand, our study directly compared
the risks for 4P-MACE between enzalutamide and abiraterone in
clinical practise using a representative territory-wide cohort. In a
recent observational study, Kulkarni et al. reported an increased
risk for stroke and MI associated with abiraterone when
compared with enzalutamide [31]. By additionally including HF
as an outcome and adjusting for residual confounding using PS
weighting, our study more thoroughly demonstrates that
enzalutamide has a better cardiac risk profile. In addition, the
intention-to-treat analysis used in Kulkarni et al. may not be
suitable in observational studies [31, 32], as it could under-
estimate drug-associated cardiotoxicities especially when
related to the reason for drug switching.
In addition, the cardiotoxicities of enzalutamide and abiraterone

combination merits further exploration. While initial reports
suggested modest improvements in progression-free survival for
the combined use of these two drugs in metastatic CRPC [33, 34],
the indicators for adverse cardiac events were not demonstrated
in detail, probably due to the small number of patients receiving
both drugs that limits any useful statistical analyses to be
performed. Currently, relevant ongoing trials are being conducted
(NCT01650194 and NCT01949337). Nonetheless, this gap in
evidence remains open and awaits further investigations. Also,
patients with non-metastatic cancer experiencing biochemical
recurrence after local therapies are often under-represented in
existing literature. While enzalutamide and abiraterone have
increasingly shown survival benefits in patients with non-
metastatic PCa [5], little is known regarding their cardiovascular

Fig. 2 Weighted Kaplan–Meier survival curves. A 4P-MACE. B CACE. 4P-MACE: 4-point major adverse cardiovascular events. CACE composite
adverse cardiovascular events.
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risks in this setting which could be a barrier to their use in non-
metastatic PCa.
Our findings should further prompt clinicians to consider the

relative risks of MACE when prescribing enzalutamide or
abiraterone. The cardiovascular risk profiles of patients with
PCa should also be taken into account in choosing these
medications. Although RCTs using these drugs to evaluate
cardiac outcomes in their prospective studies are needed to
confirm our findings, prospective data may aid in shared
decision-making.

Strengths and limitations
This study used a representative population-based database
with a long follow-up duration. Our results are, therefore, likely
to be widely generalizable and reflect real-world practice.
Sensitivity analyses using different approaches were performed
showing consistent results, indicating robustness. However,
several limitations should be noted. Firstly, as an observational
study, residual confounding cannot be excluded. Secondly, since
all diagnoses were identified using ICD-9 codes as recorded by

CDARS, the data could not be adjudicated individually. None-
theless, all diagnostic codes were input by treating clinicians
independent of the authors, and previous studies of CDARS have
shown good coding accuracy. Thirdly, whilst concurrent
prescriptions within the same period can be obtained, it was
not possible to ascertain the reason for such prescriptions. For
example, steroids may be prescribed for reasons other than
prostate cancer even if prescribed by an urologist. Given that co-
prescription of abiraterone and steroid is a common clinical
practise worldwide, we restricted the abiraterone arm to those
with steroid use on the day of abiraterone initiation. Fourthly,
cancer staging is lacking due to a lack of coding of this
information in CDARS. Nonetheless, enzalutamide and abirater-
one were introduced at similar times in our locality. According to
local treatment guidelines, both drugs are prescribed to patients
presented with castration-resistant prostate cancer (CRPC), and
to patients with metastatic hormone-sensitive prostate cancer
(mHSPC) since a few years ago. Therefore, we would not expect
a significant difference in terms of usage of the two drugs in
mHSPC or mCRPC stages.

Fig. 3 Weighted Kaplan–Meier survival curves for the individual components of 4P-MACE. AMyocardial infarction. B Stroke. C Heart failure.
D All-cause mortality.
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CONCLUSION
Enzalutamide use is associated with significantly lower risks for 4P-
MACE, MI, and all-cause mortality compared to abiraterone use in
patients with PCa.

DATA AVAILABILITY
All data underlying this study are available on reasonable request to the
corresponding authors.
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