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Background: Androgen deprivation therapy (ADT) is the foundational treatment for
metastatic prostate cancer (PCa). Androgen receptor (AR) axis-targeted therapies are a
new standard of care for advanced PCa. Although these agents have significantly improved
patient survival, the suppression of testosterone is associated with an increased risk of
cardiometabolic syndrome. This highlights the urgency of muiltidisciplinary efforts to
address the cardiometabolic risk of anticancer treatment in men with PCa.

Methods: Two professional organizations invited five urologists, five clinical
oncologists, and two cardiologists to form a consensus panel. They reviewed
the relevant literature obtained by searching PubMed for the publication period
from April 2013 to April 2023, to address three discussion areas: (i) baseline
assessment and screening for risk factors in PCa patients before the initiation of
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ADT and AR axis-targeted therapies; (ii) follow-up and management of
cardiometabolic complications; and (iii) selection of ADT agents among high-
risk patients. The panel convened four meetings to discuss and draft consensus
statements using a modified Delphi method. Each drafted statement was
anonymously voted on by every panelist.

Results: The panel reached a consensus on 18 statements based on recent
evidence and expert insights.

Conclusion: These consensus statements serve as a practical recommendation
for clinicians in Hong Kong, and possibly the Asia-Pacific region, in the
management of cardiometabolic toxicities of ADT or AR axis-targeted

therapies in men with PCa.

KEYWORDS

abiraterone, apalutamide, darolutamide, degarelix, enzalutamide, gonadotropin-
releasing hormone, leuprolide, luteinizing hormone-releasing hormone

1 Introduction

Despite advances in the understanding of cancer biology and
the development of novel medications, the inhibition of plasma
testosterone by surgical or pharmacological androgen deprivation
therapy (ADT) remains the foundation of systemic treatment for
prostate cancer (PCa) (1). Conventional pharmacological ADTs
include luteinizing hormone-releasing hormone (LHRH) or
gonadotropin-releasing hormone (GnRH) agonists (e.g.
leuprolide) and LHRH (or GnRH) antagonists (e.g. degarelix). In
recent years, androgen receptor (AR) axis-targeted therapies, such
as abiraterone and enzalutamide, have been approved for the
treatment of advanced PCa (1). These agents inhibit the biological
effects of testosterone by suppressing androgen signaling. However,
treatments that target androgen deprivation are reportedly
associated with cardiovascular (CV) and metabolic adverse events
(AEs) (2).

Because patients with PCa live longer nowadays thanks to
advances in therapy, consideration of the potential CV risk of
ADT and AR axis-targeted therapy is essential for optimizing
patient care in the long term. This notion aligns with the
development of cardio-oncology, an emerging subspecialty aimed
at improving outcomes for patients on anticancer treatment with
potential cardiotoxicity (3). With the expanding older population
and the growing burdens of PCa and CV diseases (CVDs) in the
Asia-Pacific region (4, 5), the awareness of cardio-oncology should
be promoted among clinicians. Between April and September 2023,
the Hong Kong Urological Association and the Hong Kong Society
of Uro-Oncology convened a series of meetings to discuss and
establish consensus statements on the assessment, monitoring, and
management of cardiometabolic complications associated with
ADT and AR axis-targeted therapies in patients with PCa.
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2 Methods

The two professional organizations invited several experts to
form a consensus panel. They included five urologists, five clinical
oncologists, and two cardiologists, all with more than 10 years of
experience as a specialist practicing in the public or private
healthcare sectors. The panel identified the following three main
areas for discussion in consensus meetings: (i) baseline assessment
and screening for risk factors in PCa patients before the initiation of
ADT and AR axis-targeted therapies; (ii) follow-up and
management of cardiometabolic complications; and (iii) selection
of ADT agents among high-risk patients.

The panel commissioned a medical writing agency to search for
relevant literature on the PubMed database using the following
keywords: ‘abiraterone’; ‘androgen deprivation therapy’;
‘apalutamide’; ‘cardiometabolic’; ‘cardiovascular’; ‘darolutamide’s;
‘enzalutamide’; ‘gonadotropin releasing hormone’; ‘luteinizing
hormone-releasing hormone’; ‘metabolic’; ‘monitoring’;
‘prevention’; ‘prostate cancer’; ‘referral’; and ‘risk assessment’.
Types of articles included randomized controlled trials (RCTs),
observational studies, reviews, and clinical guidelines published in
English between April 2013 and April 2023. The medical writing
agency initially sorted the relevant papers by screening the titles and
abstracts. The panel further scrutinized the full text of each
sorted paper.

The panel was divided into three groups containing four
panelists each to address the discussion areas by presenting the
relevant papers from the literature search and other studies they
deemed appropriate, and sharing their clinical experience in
multiple meetings, using the modified Delphi method (6). Each
group drafted consensus statements for the corresponding area
based on meeting proceedings. At the last meeting, the panel
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discussed, revised, and finalized the consensus statements. Each
statement was voted on anonymously by every panelist based on the
practicability of the recommendation. A consensus statement was
accepted only if > 80% of the panelists chose ‘accept completely’ or
‘accept with some reservation’ from the five options, which also
included ‘accept with major reservation’, ‘reject with reservation’,
and ‘reject completely’. The agreement threshold of 80% was
adopted in line with the common practice of international Delphi
consensus studies (7, 8). Appendix S1 shows full voting records for
all accepted and rejected statements.

3 Results

A total of 18 consensus statements (Table 1) were accepted and
the rationale for each is described below.

3.1 Part I: Baseline assessment and
screening for risk factors in PCa
patients before the initiation of ADT
and AR axis-targeted therapies

3.1.1 Baseline assessment items
Statement 1: The following lifestyle risk factors should be
considered at baseline:

a. Smoking history
b. Alcohol consumption

¢. Body mass index (BMI)

Statement 2: A history of the following conditions/therapies
should be considered at baseline:

a. Diabetes mellitus

b. Hypertension

¢. Hyperlipidemia

d. Coronary artery disease (acute coronary syndrome [ACS]/
myocardial infarction [MI]/coronary revascularization).

e. Heart failure

f. Arrhythmia

g. Cerebrovascular disease

h. Peripheral arterial disease (PAD)

i. Chronic kidney disease

j. Systemic anticancer therapy

k. Radiotherapy to the thorax

A number of studies of patients with PCa in Asia including
Hong Kong have revealed that ADT users have higher risks of heart
failure, hypertension, new-onset diabetes mellitus, dyslipidemia,
and being overweight, compared with non-ADT users (11-18).
The association between ADT and an increased risk of developing
cardiometabolic complications involves multiple factors, which
include a decrease in the testosterone level, an elevation in
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follicle-stimulating hormone (FSH), changes in body composition,
increased insulin resistance, and endothelial dysfunction (77).

In Hong Kong, patients with PCa are diagnosed at a median age
of 71 years (78). The panel noted that, because of the introduction
of eftective systemic therapies, patients with PCa now live longer
and inevitably face the risk of developing cardiometabolic events
associated with prolonged exposure to ADT or AR axis-targeted
therapies. It is crucial to assess baseline cardiometabolic profiles of
patients with PCa before the initiation of these agents, in order to
facilitate subsequent follow-up and early detection of abnormalities,
and thus early management.

Based on clinical experience and the literature regarding
protection against CVD (9, 10), the panel reached a consensus
that the aforementioned items, which include undesirable health
behaviors, pre-existing risk factors, and relevant medical history,
should be checked at baseline before commencing ADT or AR axis-
targeted therapies. The panel noted that these items are predictors
of heart failure, MI, hypertension, hyperglycemia, dyslipidemia, and
all-cause mortality. They added that the onset time and severity of
prior CVDs are important considerations. For instance, the risk-
benefit ratio of ADT/AR axis-targeted therapies should be carefully
assessed among patients who had a recent MI (e.g. within the past 6
months). Another consideration is the treatment history. Extra
attention should be given to patients who received cardiotoxic drugs
for the treatment of cancers other than PCa, or patients who
received radiotherapy to the thorax, which may increase the risk
of CVD due to a high radiation dose to the heart. In clinical practice,
clinic stewards and assistants, as well as the Electronic Health
Record Sharing System, can facilitate the baseline assessment of
the above items.

Statement 3: Electrocardiogram (ECG) can be used to screen for
existing CVD before initiating ADT or AR axis-targeted agents.

Statement 4: Cardiac imaging tools, e.g. transthoracic
echocardiogram or multigated acquisition scan, for CV risk
prediction could be considered in selected patients.

Apart from medical history, it is important to check whether a
patient has current CVD at the initiation of ADT/AR axis-targeted
therapies. ECG is a useful, convenient diagnostic tool for left
ventricular hypertrophy, ischemic and arrhythmic changes, MI,
and QT prolongation. Other cardiac imaging tools, such as
transthoracic echocardiography and multigated acquisition scan,
can be considered in patients with multiple CV risk factors at
baseline or who are planned to receive AR axis-targeted therapies,
for which safety has not been established in patients with a left
ventricular ejection fraction of < 50% or New York Heart
Association (NYHA) class III or IV heart failure (19-24). The
panel discussed that, despite the prognostic value being increasingly
recognized, cardiac serum biomarkers, such as troponins and
natriuretic peptides, are seldom tested in routine clinical practice.

3.1.2 CV risk stratification system

Statement 5: An individual’s background atherosclerotic CVD
(ASCVD) risk can be assessed using the American College of
Cardiology ASCVD Risk Estimator.
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TABLE 1 All accepted consensus statements.

Discussion area Subsection

1. Baseline assessment and screening for | 1.1. Baseline
risk factors in PCa patients before the
initiation of ADT and AR axis-

targeted therapies

assessment items

1.2. CV risk
stratification system

1.3. Duration of
ADT and CVD risk

10.3389/fonc.2024.1345322

No. Statement

1

The following lifestyle risk factors should be considered at baseline:
a. Smoking history

b. Alcohol consumption

¢. BMI

References

(©, 10)

A history of the following conditions/therapies should be considered at
baseline:

a. Diabetes mellitus

b. Hypertension

c. Hyperlipidemia

d. CAD (ACS/MI/coronary revascularization)
e. Heart failure

f. Arrhythmia

g. Cerebrovascular disease

h. Peripheral arterial disease

i. Chronic kidney disease

j. Systemic anticancer therapy

k. Radiotherapy to the thorax

(11-18)

ECG can be used to screen for existing CVD before initiating ADT or
AR axis-targeted agents.

(19-24)

Cardiac imaging tools, e.g. transthoracic echocardiogram or multigated
acquisition scan, for CV risk prediction, could be considered in
selected patients.

An individual’s background ASCVD risk can be assessed using the
American College of Cardiology ASCVD Risk Estimator.

(19-24)

(25, 26)

Use of the coronary artery calcium score to assist in the risk
assessment of individuals who are at intermediate ASCVD risk can
be considered.

In patients who experienced > 2 prior CV events, the CVD risk is the
highest in the first 6 months of ADT; closer monitoring of CV risk
should be considered in the first 6 months.

In patients with clinically significant CVD risk, a shorter duration of
ADT or intermittent ADT may be considered after balancing the CV
risk and oncologic outcomes.

(27, 28)

(29)

(30-33)

1.4. Choice of AR
axis-targeted
therapy and
CVD risk

2.1. Follow-
up schedules

2. Follow-up and management of
cardiometabolic complications

2.2. Measures to
reduce the risk of
cardiometabolic
complications

The choice of AR axis-targeted agents should be tailor-made based on
the CV risk profiles of individual patients.

(19-24)

10

11

Before the initiation of AR axis-targeted therapies, agent-specific CV
adverse events should be discussed with the patient.

After the initiation of ADT or AR axis-targeted therapies, regular
monitoring of the following cardiometabolic parameters can be
considered:

a. Blood pressure

b. BMI

c. HbAlc

d. Lipid profile

(34-38)

(34, 39-45)

12

In men who have 0-1 CV risk factor and no known history of
established ASCVD at baseline, the cardiometabolic parameters in
Statement 11 can be checked annually after the initiation of ADT or
AR axis-targeted therapies.

(43, 46-48)

13

14

More frequent (e.g. every 3-6 months) monitoring of the same
cardiometabolic parameters can be considered in patients who have >
2 CV risk factors or a history of established ASCVD at baseline.

The ABCDE Cardio-Oncology clinical algorithms* can be considered
to reduce the risk of cardiometabolic complications associated with
ADT or AR axis-targeted therapies.

(48, 49)

(48, 50, 51)

15

Long-term (> 6 months) combined aerobic and resistance training can
be recommended for patients on ADT or AR axis-targeted therapies.

(39, 42, 52-60)
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TABLE 1 Continued

Statement

10.3389/fonc.2024.1345322

References

Discussion area Subsection \[o}
2.3. Management of 16
cardiometabolic
complications

3. Selection of ADT agents among high-risk patients 17

18

Patients with abnormal cardiometabolic parameters should be referred

For men with pre-existing ASCVD, LHRH antagonists may be the
preferred ADT regimen to LHRH agonists.

For men with treatment-emergent ASCVD during ADT, the ADT
regimen should be reviewed.

(39, 48, 50, 52)

to a cardiologist, endocrinologist, or family physician for
further management.

(47, 61-76)

Expert opinion

ACS, acute coronary syndrome; ADT, androgen deprivation therapy; AR, androgen receptor; ASCVD, atherosclerotic cardiovascular disease; BMI, body mass index; CAD, coronary artery
disease; CV, cardiovascular; CVD, cardiovascular disease; ECG, electrocardiogram; HbAlc, glycated hemoglobin; LHRH, luteinizing hormone-releasing hormone; MI, myocardial infarction;

PCa, prostate cancer.

*The ABCDE strategy comprises: A, awareness of risks of heart disease and aspirin; B, blood pressure; C, cholesterol and cigarette/tobacco cessation; D, diet and weight management, dose of
chemotherapy or radiation, and diabetes mellitus prevention/treatment; and E, exercise, electrocardiogram, and echocardiogram.

Statement 6: Use of the coronary artery calcium score to assist
in the risk assessment of individuals who are at intermediate
ASCVD risk can be considered.

Among a number of systems for CV risk stratification, the
ASCVD Risk Estimator has been widely adopted for primary
prevention in the clinical setting in Hong Kong. It estimates the
10-year risk of developing an adverse CV event, such as MI, stroke
or severe PAD, based on a set of parameters (Table 2) (25). The
calculation can be done using online software (26). Other risk
stratification tools, such as the coronary calcium score, can be
considered for further evaluation of a patient’s CV risk (27, 28).

Age and race are risk factors that are particularly relevant in the
context of Hong Kong and the region. An age > 75 years (compared
with 71 years being the median age of PCa diagnosis in Hong Kong)
is considered a prominent CV risk factor (25), especially in people
with multiple comorbidities and a high degree of frailty. People of
South Asian race appear to have a three- to five-fold increase in the
risks of MI and CV mortality when compared to other ethnic
groups (79).

The panel noted that patients who have an intermediate or
above 10-year risk for ASCVD or a history of ASCVD (e.g. ACS,
MI, stable or unstable angina, coronary or other arterial
revascularization, stroke, transient ischemic attack, PAD, or aortic

TABLE 2 Components and risk stratification of the Atherosclerotic
Cardiovascular Disease (ASCVD) risk estimator (25, 26).
Risk

Parameter 10-year risk

for ASCVD

category

« Current age Low < 5%
o Sex
« Race Borderline 5-7.4%
« Systolic blood
YS ° 1c' 00€ pressure Intermediate 7.5-19.9%
« Diastolic blood pressure
« Total cholesterol High > 20%
« HDL cholesterol
« LDL cholesterol Very high Not applicable

« History of diabetes
mellitus

« Smoker status

» Hypertension treatment
status

o Statin treatment status
o Aspirin therapy status

HDL, high-density lipoprotein; LDL, low-density lipoprotein.
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aneurysm) should be referred to a cardiologist or an internal
medicine physician for further management.

3.1.3 Duration of ADT and CVD risk

Statement 7: In patients who experienced > 2 prior CV events,
the CVD risk is highest in the first 6 months of ADT; closer
monitoring of CV risk should be considered in the first 6 months.

A retrospective study conducted in Sweden showed that,
compared with an age-matched, PCa-free comparison cohort,
men with PCa on ADT had an elevated risk of CVD (hazard
ratio [HR] 1.21 and 95% confidence interval [CI] 1.18-1.25 for
LHRH agonists; HR 1.16 and 95% CI 1.08-1.25 for orchiectomy). In
those with two or more CV events (as per the International
Classification of Diseases 10™ revision: 100-199) pre-treatment,
the risk of CVD was highest during the first 6 months of ADT (HRs
1.91 [95% CI 1.66-2.20], 1.60 [95% CI 1.24-2.06], and 1.79 [95% CI
1.16-2.76] for LHRH agonists, antiandrogens, and orchiectomy,
respectively) (29). Based on these data, the panel highlighted the
importance of closer monitoring of CV risk in the first 6 months of
ADT for patients with multiple prior CV events.

Statement 8: In patients with clinically significant CVD risk, a
shorter duration of ADT or intermittent ADT may be considered
after balancing the CV risk and oncologic outcomes.

The registry data on patients with nonmetastatic PCa in
Norway showed that ADT was associated with increased risks of
the composite CV outcome and the individual components, i.e. MI,
stroke, and heart failure (adjusted HRs 1.13 [95% CI 1.05-1.21],
1.18 [95% CI 1.05-1.32], 1.21 [95% CI 1.06-1.38], and 1.23 [95% CI
1.13-1.35], respectively), especially among patients who had a
moderate CV risk (hypertension + hypercholesterolemia +
diabetes mellitus; no stroke, MI, or heart failure) and received
ADT for a longer duration (> 7 months) (30). The authors also
highlighted that, in patients at high CV risk (prior stroke + MI +
heart failure), the association between ADT and the composite CV
outcome was strong, but not statistically significant (HR 1.29; 95%
CI0.92-1.82), because of a lack of power due to a significantly lower
number of patients (30).

An analysis of the randomized phase III RTOG 94-08 trial of
patients with clinically localized PCa (T1b-2b; prostate-specific
antigen [PSA] < 20 ng/mL) demonstrated that 4 months of ADT
(with an LHRH agonist and an antiandrogen) plus radiotherapy
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improved overall survival (OS) and disease-specific survival (DSS),
with no elevated 10-year risk of CV mortality (unadjusted HR 1.07;
95% CI 0.81-1.42; P = 0.62), compared with radiotherapy alone
(31). Consistent findings were observed in patients at low risk of
PCa-related death or at high risk of CV death (31).

A population-based study conducted in the U.S. revealed that,
in a cohort of men with advanced PCa, intermittent ADT (with a
90-day interval between two treatment sessions) was associated
with a lower risk for serious CV events within 5 years of treatment
initiation (i.e. acute MI, stroke, or heart failure; HR 0.64; 95% CI
0.53-0.77; P < 0.0001), particularly heart failure (HR 0.62; 95% CI
0.49-0.78; P < 0.0001), compared with continuous ADT (32).
Patients with metastatic and nonmetastatic disease at baseline had
similar results (32).

However, the difference in survival outcomes between
intermittent and continuous ADT remains dubious. In an RCT,
men with newly diagnosed metastatic hormone-sensitive PCa
(mHSPC; PSA = 5 ng/mL) received ADT (with an LHRH agonist
and an antiandrogen) for 7 months; those with PSA < 4 ng/mL were
then randomized to receive intermittent or continuous ADT (33).
With a median follow-up of 9.8 years, the intermittent and
continuous ADT groups had a median survival of 5.1 and 5.8
years, respectively (HR for death with intermittent ADT, 1.10; 90%
CI, 0.99-1.23) (33). The authors cautioned that the CI for survival
exceeded the upper boundary for noninferiority, implying that a
20% greater risk of death with intermittent ADT cannot be
excluded (33).

In summary, shorter-term (e.g. 4-7 months) or intermittent
ADT can be considered to reduce the risk of developing MI, stroke,
or heart failure, while preserving survival benefits, in patients with
nonmetastatic PCa and a moderate (e.g. hypertension *
hypercholesterolemia + diabetes mellitus) to high (e.g. prior
stroke + MI =+ heart failure) CV risk (30-32). In the setting of
metastatic disease, intermittent ADT may mitigate the risk of heart
failure (32); however, it should be noted that the comparison of

10.3389/fonc.2024.1345322

intermittent and continuous ADT in terms of survival outcomes
remains inconclusive (33).

3.1.4 Choice of AR axis-targeted therapy and
CVD risk

Statement 9: The choice of AR axis-targeted agents should be
tailor-made based on the CV risk profiles of individual patients.

Patients who had uncontrolled hypertension or recent ASCVD,
of different severities and onset times, were excluded from the
landmark trials of AR axis-targeted therapies (Table 3) (19-24).
These exclusion criteria can serve as a basis (using ECG where
applicable) for choosing an AR axis-targeted agent for an individual
patient at baseline.

Statement 10: Before the initiation of AR axis-targeted
therapies, agent-specific CV AEs should be discussed with
the patient.

Studies revealed that AR axis-targeted therapies had different
profiles of CV AEs (34-38). A meta-analysis of three landmark
studies conducted in patients with nonmetastatic castration-
resistant PCa (nmCRPC) showed that apalutamide, darolutamide,
and enzalutamide were associated with significantly increased risks
of hypertension (relative risks [RRs] 1.213, 1.452, and 2.150,
respectively) and CV events (RRs 4.466, 2.710, and 2.125,
respectively) compared with placebo (34).

Real-world data demonstrated that, in the setting of metastatic
CRPC (mCRPC), abiraterone was associated with a higher risk of
hospitalization for heart failure compared with enzalutamide (35,
36). Abiraterone should be used cautiously in patients with NYHA
class II-1V heart failure or a baseline cardiac ejection fraction < 50%
(19, 20). One observational study also showed that abiraterone was
associated with a 31% increased risk of MI or stroke compared with
enzalutamide (HR, 1.31; 95% CI, 1.05-1.63; P < 0.01) (37).

In a recent systematic review and meta-analysis of RCT's that
included patients who received AR axis-targeted therapies for
nmCRPC, mCRPC, and mHSPC, enzalutamide was ranked the

TABLE 3 Exclusion criteria for cardiovascular disease in landmark trials of androgen receptor axis-targeted agents.

Abiraterone ( ,

Enzalutamide (

Darolutamide (

) Apalutamide ()

Uncontrolled hypertension = SBP > 160 mmHg

DBP > 95 mmHg

SBP > 170 mmHg
DBP > 105 mmHg

Severe/unstable angina Past 6 months Past 3 months

Prior MI Past 6 months Past 3 months

NYHA class II-IV
or cardiac ejection fraction <
50% at baseline

Heart failure NYHA class II-IV

Thrombotic event Past 6 months Past 3 months

Cardiac arrhythmia Past 3 months

requiring therapy

Requiring therapy
(including atrial fibrillation)

Prior TIA/CVA Not specified Past 12 months

Coronary/peripheral artery = Not specified
bypass graft

Not specified

SBP > 160 mmHg
DBP > 100 mmHg

SBP > 160 mmHg

DBP > 100 mmHg
Past 6 months Past 6 months
Past 6 months Past 6 months

Symptomatic NYHA class III or IV

Past 6 months Not specified

Past 6 months Not specified

Past 12 months Past 6 months

Not specified Past 6 months

CVA, cerebrovascular accident; DBP, diastolic blood pressure; MI, myocardial infarction; NYHA, New York Heart Association; SBP, systolic blood pressure; TIA, transient ischemic attack.
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most toxic regarding hypertension in the settings of nmCRPC and
mCRPC (38).

Taken together, the evidence suggests that the risk of hospitalization
for heart failure and hypertension associated with abiraterone and
enzalutamide, respectively, should be discussed with patients before
treatment initiation. The CV side-effect profiles of apalutamide and
darolutamide are worth further investigation, as they have recently been
approved for the treatment of mHSPC in addition to nmCRPC.

3.2 Part II: Follow-up and management of
cardiometabolic complications

3.2.1 Follow-up schedules

Statement 11: After the initiation of ADT or AR axis-targeted
therapies, regular monitoring of the following cardiometabolic
parameters can be considered:

a. Blood pressure (BP)

b. BMI

¢. Glycated hemoglobin (HbA1c)
d. Lipid profile

ADT or AR axis-targeted therapy may be associated with
changes in multiple metabolic parameters over time, possibly
through the suppression of testosterone (39). Although the
clinical effects of ADT on BP remain inconclusive (39), a
systematic review of studies on men with hypogonadism
indicated that there was a correlation between low testosterone
levels and the development of hypertension (40). With respect to
AR axis-targeted agents, an increased risk of hypertension was
observed across placebo-controlled RCTs (34). Therefore,
monitoring of BP should be considered in patients receiving ADT
+ AR axis-targeted therapy.

A retrospective study showed that ADT with LHRH agonists for
48 weeks was associated with increases in body weight (+2.4% +
0.8%; P < 0.001) and percentage fat body mass (+9.4% + 1.7%; P <
0.001) in men with nonmetastatic PCa (41). The fat accumulation
was mainly subcutaneous rather than intra-abdominal (41).
Considering the potential for weight gain and thus increased
BMI, which are established CV risk factors, the panel suggested
regular monitoring of these parameters in men receiving ADT.

Multiple large cohort studies demonstrated that patients who
received ADT for local or locoregional PCa had a 40-60% increased
risk of developing diabetes mellitus (39, 42). One prospective cohort
study revealed that continuous ADT for 2 years was associated with
an elevated level of HbAlc (+0.13% + 0.34%; P = 0.019) in men
without pre-existing diabetes mellitus (43). In a propensity-
matched cohort study of PCa men with pre-existing diabetes
mellitus who had or had not received ADT, the ADT group had
an increase in the mean HbA1c level from baseline to year 1 (+0.14
mmol/L vs. -0.10 mmol/L; P = 0.008) and a higher risk of addition
of antidiabetic medication (adjusted HR 1.20; 95% CI 1.09-1.32),
compared with the no-ADT group (44). Considering the potential
impact of ADT on glycemic control and the development of
diabetes mellitus, the panel recognized a need for regular
measurements of HbAlc among men on ADT.
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Despite results being inconsistent, a number of studies showed
that ADT was associated with increased levels of triglycerides, total
cholesterol, and low-density lipoprotein cholesterol (39, 42).
Dyslipidemia is one component of metabolic syndrome as per the
World Health Organization (45). The panel agreed that monitoring
of lipid profiles should be considered among patients
receiving ADT.

Statement 12: In men who have 0-1 CV risk factor and no
known history of established ASCVD at baseline, the
cardiometabolic parameters in Statement 11 can be checked
annually after the initiation of ADT or AR axis-targeted therapies.

In a guideline developed by experts from Australia on the
management of bone and metabolic health in patients on ADT for
nonmetastatic PCa, half-yearly to yearly metabolic assessment during
the first 2 years of ADT was recommended (46). Recently, the
European Society of Cardiology (ESC) and several other
associations have also recommended annual CV risk assessment
during ADT (47). Several panelists noted that, in public healthcare
institutions in Hong Kong, annual blood testing is a routine practice
in the follow-up of patients with chronic conditions, such as
hypertension, diabetes mellitus, and hypercholesterolemia. The
panel considered that it is appropriate and practical to perform
yearly monitoring of the cardiometabolic parameters stated in
Statement 11 among PCa patients with a low CV risk (i.e. 0-1 CV
risk factor and no known history of established ASCVD) at baseline
after the start of ADT or AR axis-targeted therapy. CV risk factors
include older age (> 60 or > 70 years as per different studies) (43, 47),
hypertension, diabetes mellitus, dyslipidemia, cigarette use, family
history of CVDs, and components of the metabolic syndrome: (i)
abdominal obesity (waist circumference > 40 inches); (ii) triglyceride
level > 150 mg/dL; (iii) high-density lipoprotein cholesterol < 40 mg/
dL; (iv) systolic BP > 130 mmHg or diastolic BP > 85 mmHg; and (v)
fasting glucose > 5.6 mmol/L) (48).

Statement 13: More frequent (e.g. every 3-6 months)
monitoring of the same cardiometabolic parameters can be
considered in patients who have > 2 CV risk factors or a history
of established ASCVD at baseline.

According to a scientific statement from the American Heart
Association (48), checking of cardiometabolic parameters every 3
months is recommended for PCa patients with a higher CV risk
(i.e. having a history of ASCVD or > 2 CV risk factors, as
aforementioned). Several panelists shared that, in routine clinical
practice, patients on ADT for PCa are assessed for PSA levels every
6 months; therefore, the cardiometabolic parameters can be checked
at the same frequency. The panel discussed that, in patients with a
higher CV risk, the cardiometabolic parameters can be checked
half-yearly or more frequently (e.g. quarterly), depending on the
availability of resources.

Recently, a retrospective cohort study of 45,059 men (~80%
with hypertension and ~60% with hypercholesterolemia) treated
with ADT (LHRH agonists or antagonists) for PCa showed that the
rate of major adverse CV events (MACEs) was lower in the first year
(3.9%) than subsequent years (e.g. 19.6% at year 4) after ADT
initiation (49). A similar trend was observed for all-cause mortality,
which accounted for 65% and 79% of MACE: at year 1 and year 4,
respectively, after ADT initiation (49). These results suggest that

frontiersin.org


https://doi.org/10.3389/fonc.2024.1345322
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Poon et al.

patients at high CV risk should remain alert and require frequent
monitoring (quarterly or half-yearly) beyond 1 year of ADT.

3.2.2 Measures to reduce the risk of
cardiometabolic complications

Statement 14: The ABCDE Cardio-Oncology clinical algorithms
can be considered to reduce the risk of cardiometabolic
complications associated with ADT or AR axis-targeted therapies.

The ABCDE strategy stands for: A, awareness of risks of heart
disease and aspirin; B, BP; C, cholesterol and cigarette/tobacco
cessation; D, diet and weight management, dose of chemotherapy or
radiation, and diabetes mellitus prevention/treatment; and E,
exercise, ECG, and echocardiogram. This approach has been
widely recommended by international guidelines in cardio-
oncology for preventing CVDs and related risk factors in PCa
patients on ADT (48, 50, 51).

Statement 15: Long-term (> 6 months) combined aerobic and
resistance training can be recommended for patients on ADT or AR
axis-targeted therapies.

The panel noted that, despite several limitations, such as small
numbers of participants (28-47, 79), heterogeneous outcomes, and
varied endpoint parameters (which might be subject to selection bias),
a number of studies revealed that regular physical activity involving
aerobic and resistance training is effective in improving cardiorespiratory
fitness in PCa patients on ADT (39, 52-58). In Australia, users of the
LHRH agonist leuprolide are entitled to a discounted exercise program
that has demonstrated efficacy in preserving the participants’ body
habitus, fitness, and muscle strength (42, 59). One recent meta-
analysis and systematic review showed that improvements in exercise
tolerance, diastolic BP, lean mass, fat percentage, and biochemical
markers, such as fasting glucose and C-reactive protein, were observed
in patients on ADT who performed 2-4 exercise sessions, in the form of
combined aerobic and resistance training with 60-80% heart rate reserve
intensity, per week for 26-40 weeks (60). Based on the current evidence,
the panel agreed that long-term (i.e. > 6 months) combined aerobic and
resistance training can serve as a preventive measure against
cardiometabolic complications associated with ADT or AR axis-
targeted therapy.

Although associations between diet and cardiometabolic
diseases have been well documented, the panel was unable to find
adequate high-level evidence on the clinical benefits and nutritional
details necessary to inform a dietary recommendation for PCa
patients on ADT or AR axis-targeted therapies, and thus did not
establish any consensus statements in this area. However, as
highlighted in the ABCDE strategy, diet modification should be
one component of a comprehensive management plan for the
primary and secondary prevention of CVDs in patients with PCa.

3.2.3 Management of
cardiometabolic complications

Statement 16: Patients with abnormal cardiometabolic
parameters should be referred to a cardiologist, endocrinologist,
or family physician for further management.

Clinical guidelines generally recommend that men who develop
cardiometabolic complications during ADT can be treated with
statins, antihypertensive agents, antidiabetic drugs (commonly
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metformin) and aspirin, where applicable (39, 50, 52). Several
panelists also discussed the potential antitumor activity of
metformin. Two prospective trials revealed that metformin,
combined with docetaxel and abiraterone, had no survival
benefits compared with placebo in patients with mCRPC (80, 81).
Nevertheless, arms A and B of the ongoing STAMPEDE study are
still investigating whether adding metformin to the current
standard of care for non-diabetic men with mCRPC can reduce
the risk of all-cause mortality.

To optimize both oncologic and cardiometabolic outcomes in
PCa patients, multidisciplinary input on patient care at ADT
initiation and during long-term follow-up is crucial (48). Several
panelists noted that treating physicians may consider prescribing
the above-mentioned standard therapies for patients who
experience cardiometabolic side effects during ADT. However,
most of the panel agreed that early referral to corresponding
specialists can optimize patient care.

3.3 Part lll: Selection of ADT agents among
high-risk patients

Statement 17: For men with pre-existing ASCVD, LHRH
antagonists may be the preferred ADT regimen to LHRH agonists.

Statement 18: For men with treatment-emergent ASCVD
during ADT, the ADT regimen should be reviewed.

LHRH agonists and antagonists suppress testosterone levels
through different mechanisms (82). LHRH antagonists suppress
both luteinizing hormone (LH) and FSH as opposed to LHRH
agonists, which primarily suppress LH (61). FSH receptors are
found on the luminal endothelial surface of proliferating tissue.
They may play a role in the endothelial cell function, fat
accumulation, and lipid metabolism that may increase the risks of
plaque destabilization/acute rupture and CVD in patients receiving
LHRH agonists (61-64). One pre-clinical study in male rats
demonstrated that LHRH agonists were associated with more
impairment of endothelial function in the aorta and intrarenal
arteries compared with LHRH antagonists (65). However, a phase II
randomized open-label study revealed that patients with advanced
PCa and pre-existing CVD who received LHRH agonists or
antagonists for 1 year had no difference in endothelial function.
In contrast, those on LHRH antagonists had an 18.1% absolute risk
reduction of a major CV or cerebrovascular AE versus those on
agonists (66).

Indeed, results from clinical research that compared the CV
safety of LHRH agonists and antagonists have remained mixed.
Several retrospective studies conducted in European countries and
the U.S. revealed that these two types of ADT had similar overall
CV side-effect profiles (67, 83-85). However, one study using the
pharmacovigilance information captured in the Eudra-Vigilance
and Food and Drug Administration databases showed that,
regarding specific CV disorders, the LHRH antagonist degarelix
presented lower risks of hypertension (pooled relative risk [PRR]
0.60; 95% CI 0.37-0.98; P = 0.04) and MI (PRR 0.05; 95% CI 0.01-
0.39; P < 0.01) compared with LHRH agonists (67).
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Two observational studies on Asian patients (68, 69) and one
analysis of RCTs (61) demonstrated that LHRH antagonists offered
more favorable CV outcomes. A population-based study in Taiwan
showed that LHRH antagonists were associated with a lower risk of
composite CV events (ischemic heart disease, stroke, congestive
heart failure, or CV death) compared with LHRH agonists across
different patient subgroups, which included those with metastatic
disease (adjusted HR 0.16; 95% CI 0.04-0.38; P = 0.013), those
receiving ADT for > 6 months (adjusted HR 0.30; 95% CI 0.16-0.54;
P < 0.0001), and those with pre-existing CVD (adjusted HR 0.16;
95% CI 0.05-0.50; P = 0.0017) (68). Another cohort study in
Taiwan yielded similar outcomes, suggesting that the effects of
LHRH agonists on macrophages may contribute to a higher risk of
CV events relative to LHRH antagonists (69).

In a post hoc analysis of six phase III RCTs of patients with pre-
existing CVD who received ADT for 12 months mostly, the LHRH
antagonist degarelix was associated with a significantly lower risk of
cardiac events (arterial embolic/thrombotic events, hemorrhagic/
ischemic cerebrovascular conditions, MI, and other ischemic heart
disease) or death compared with LHRH agonists within 1 year of
treatment (HR 0.44; 95% CI 0.26-0.74; P = 0.002) (61).

In recent years, two landmark RCT's provided new insights into
the CV risk of LHRH antagonists versus agonists (70, 71). In the
phase IIT HERO study (70), patients with advanced PCa (> 90% of
whom had > 1 CV risk factor, e.g. diabetes mellitus, hypertension,
or a history of a MACE) were randomized to receive relugolix (an
oral LHRH antagonist; N = 622) or leuprolide (an LHRH agonist;
N = 308). The primary endpoint showed that relugolix was
associated with a significantly higher rate of sustained
testosterone suppression (castration levels < 50 ng/dL; 96.7% vs.
88.8%; P < 0.001) compared with leuprolide through 48 weeks.
Regarding safety, relugolix was associated with a significantly lower
incidence of MACEs (including nonfatal MI, nonfatal stroke, and
all-cause mortality) compared with leuprolide (2.9% vs. 6.2%; HR
0.46; 95% CI 0.24-0.88; P < 0.001) (70). Among patients with a
prior MACE, there was a more marked difference in the incidences
of MACEs between the two treatment arms (3.6% for relugolix vs.
17.8% for leuprolide) (70). Notably, MACE outcomes were the
secondary endpoint of the HERO study (70).

In another landmark trial, PRONOUNCE, patients with PCa
and pre-existing ASCVD were randomized to receive the LHRH
antagonist degarelix (N = 276) or the LHRH agonist leuprolide (N =
269), with the time to first adjudicated MACE (composite of death,
MI, or stroke) through 1 year being the primary endpoint (71).
However, the study was terminated prematurely because of the
smaller-than-planned number of participants and primary outcome
events, and the two treatment groups had no significant difference
in the incidences of MACE:s at 1 year (5.5% for degarelix vs. 4.1%
for leuprolide; HR 1.28; 95% CI 0.59-2.79; P = 0.53) (71). As
expected, testosterone levels, rates of progressive disease, and
urinary symptoms were comparable between the two groups (71).

In contrast to HERO, PRONOUNCE demonstrated that
patients treated with degarelix appeared to have a trend towards
an increased risk of MACEs; however, the PRONOUNCE
investigators emphasized that the results were inconclusive
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because of wide Cls and low statistical power (71). They also
stated that, when using an AE definition similar to that of HERO,
degarelix was associated with numerically fewer MACEs than
leuprolide, although the difference remained not statistically
significant (71).

In response to the inconsistent results from these two RCT's, Ng
et al. commented that the intense input and close monitoring by
cardiologists in the design of PRONOUNCE might facilitate earlier
intervention for CV risk factors and, therefore, reduce the incidence
of MACEs in the LHRH agonist group, as compared to their
counterparts in HERO (4.1% vs. 17.8%) (72). They also suggested
that the association between the intensity of CV interventions at
baseline and the CV risk of leuprolide in PRONOUNCE could be
further investigated (72).

Recent meta-analyses and systematic reviews of RCTs indicated
that LHRH antagonists were associated with fewer CV events, with
PRRs ranging from 0.5 to 0.6, compared with LHRH agonists (73—
75). However, the expert panel pointed out several caveats. First, the
overall number of study participants on LHRH antagonists was
much lower than that on LHRH agonists. Second, all studies
assessed CV events as a safety outcome or secondary endpoint.
Third, durations of ADT in the included studies were relatively
short (mostly < 12 months). Fourth, baseline patient characteristics
regarding CV risk factors and history of CVD were heterogeneous
across the studies. Finally, data on Asian patients were limited.

In summary, no high-level evidence is available to distinguish
the CV safety of LHRH agonists and antagonists. Despite a number of
confounders and limitations, multiple real-world non-randomized
studies and pooled data from RCTs demonstrated that LHRH
antagonists were associated with a lower risk of CV events compared
with LHRH agonists, especially in PCa patients with pre-existing CVD
(61, 67-69, 73-75). Importantly, no prospective data suggested that
LHRH antagonists are associated with a higher CV risk than LHRH
agonists. Results from the recent landmark study PRONOUNCE
implied that optimal CV interventions might alleviate the CV risk of
LHRH agonists; however, further investigations are warranted to
confirm this hypothesis (72). Notably, a retrospective cohort study
conducted in Hong Kong discovered that a longer duration of LHRH
agonist therapy was associated with a higher risk of the composite
endpoint of MI and stroke (sub-HR per year 1.04; 95% CI 1.01-1.06;
P = 0.001), with a more prominent effect observed for a treatment
duration of > 2 years (sub-HR 1.23; 95% CI 1.04-1.46; P = 0.017) (76).

In line with the recent ESC guidelines on cardio-oncology (47),
the expert panel achieved a consensus that LHRH antagonists may
be preferred over LHRH agonists as the ADT regimen for men with
pre-existing ASCVD. Additionally, they agreed that the ADT
regimen, including the type of the agent and treatment duration,
should be reviewed when patients develop suspected ADT-
emergent ASCVD.

4 Discussion

This set of consensus statements aimed to optimize the care for
patients treated with ADT or AR axis-targeted therapies for PCa.
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Although these agents have significantly improved patient survival,
the suppression of testosterone is associated with an increased risk
of cardiometabolic syndrome. With an ageing population
worldwide, both PCa and cardiometabolic diseases are expected
to rise in the coming years. This highlights the urgency of
multidisciplinary efforts to address the cardiometabolic risk of
anticancer treatment in men with PCa. However, relevant
guidelines and recommendations are limited in the Asia-Pacific
region. This expert panel anticipated that the consensus statements
herein would facilitate the management of CVDs and metabolic
syndrome associated with ADT and AR axis-targeted therapies by
emphasizing the baseline assessment and follow-up monitoring of
risk factors and introducing mitigation measures.

Several caveats should be noted. First, the level of evidence of
most studies included in this consensus was low to moderate,
because of retrospective study designs, small numbers of
participants, and relatively short durations of follow-up. Second,
there were heterogeneities in baseline patient characteristics and
outcome measures across these studies. Third, with respect to the
comparison of LHRH agonists and antagonists, no conclusive data
are available, especially among Asian patients. This field of interest
should be investigated in RCTs with CV outcomes (e.g. M1, stroke,
heart failure, and CV mortality) as primary endpoints, adequately
powered statistical plans, and balanced baseline patient
characteristics regarding prior CVDs and CV risk factors between
treatment arms. Fourth, the potential for cardiotoxicity of newer
therapies for mCRPC, such as poly-ADP-ribose polymerase
inhibitors, should be further assessed and monitored (86, 87).

Despite these limitations, the consensus statements were
formulated based on the recent evidence, supplemented by the
insights and expertise of the panelists. These serve as a practical
recommendation for clinicians in Hong Kong and possibly the
Asia-Pacific region involved in managing cardiometabolic safety of
ADT or AR axis-targeted therapies in men with PCa.

5 Conclusion

A multidisciplinary panel of clinical oncologists, urologists, and
cardiologists with extensive clinical experience in Hong Kong
established 18 consensus statements to address the
cardiometabolic complications associated with ADT or AR axis-
targeted therapies in patients with PCa. Depending on future
research findings, these statements are subject to regular review
and necessary updating.

Author contributions

DP: Conceptualization, Project administration, Supervision,
Writing — original draft, Writing - review & editing, Data curation,
Formal Analysis. G-MT: Writing — review & editing, Data curation,
Formal Analysis. KC: Writing - review & editing, Data
curation, Formal Analysis. MC: Writing — review & editing, Data
curation, Formal Analysis. T-WC: Writing - review & editing,
Data curation, Formal Analysis. RK: Writing — review & editing,

Frontiers in Oncology

10

10.3389/fonc.2024.1345322

Data curation, Formal Analysis. ML: Writing - review &
editing, Data curation, Formal Analysis. CL: Writing — review &
editing, Data curation, Formal Analysis. KW: Writing -
review & editing, Data curation, Formal Analysis. KK:
Writing — review & editing, Data curation, Formal Analysis. C-FN:
Writing - review & editing, Data curation, Formal Analysis.
PC: Conceptualization, Data curation, Formal Analysis, Project
administration, Supervision, Writing - original draft, Writing -
review & editing.

Funding

The author(s) declare financial support was received for the
research, authorship, and/or publication of this article. Editorial
support and the panel meetings for discussions and voting were
funded by the Hong Kong Urological Association.

Acknowledgments

The authors thank Best Solution Company Limited, Hong
Kong, for providing editorial support.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

The author(s) declared that they were an editorial board
member of Frontiers, at the time of submission. This had no
impact on the peer review process and the final decision.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fonc.2024.1345322/
full#supplementary-material

APPENDIX S1
Full voting records for all accepted and rejected statements.

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fonc.2024.1345322/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fonc.2024.1345322/full#supplementary-material
https://doi.org/10.3389/fonc.2024.1345322
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Poon et al.

References

1. Poon DM-C, Chan C-K, Chan T-W, Cheung F-Y, Ho L-Y, Kwong PW-K, et al.
Hong Kong Urological Association-Hong Kong Society of Uro-Oncology consensus
statements on the management of advanced prostate cancer—2019 Updates. Asia Pac |
Clin Oncol (2021) 17:12-26. doi: 10.1111/ajco.13580

2. Hu JR, Duncan MS, Morgans AK, Brown JD, Meijers WC, Freiberg MS, et al.
Cardiovascular effects of androgen deprivation therapy in prostate cancer:
contemporary meta-analyses. Arterioscler Thromb Vasc Biol (2020) 40:e55-64.
doi: 10.1161/atvbaha.119.313046

3. NgCT, Tan LL, Sohn IS, Gonzalez Bonilla H, Oka T, Yinchoncharoen T, et al. Advancing
cardio-oncology in Asia. Korean Circ J (2023) 53:69-91. doi: 10.4070/kcj.2022.0255

4. Chen R, Ren S, Yiu MK, Fai NC, Cheng WS, Ian LH, et al. Prostate cancer in Asia:
A collaborative report. Asian J Urol (2014) 1:15-29. doi: 10.1016/j.ajur.2014.08.007

5. Zhao D. Epidemiological features of cardiovascular disease in Asia. JACC Asia
(2021) 1:1-13. doi: 10.1016/j.jacasi.2021.04.007

6. Linstone HA, Turoff M. The delphi method: techniques and applications. Boston,
MA: Addison-Wesley (2002).

7. Kaljouw E, Pieters BR, Kovacs G, Hoskin PJ. A Delphi consensus study on salvage
brachytherapy for prostate cancer relapse after radiotherapy, a Uro-GEC study.
Radiother Oncol (2016) 118:122-30. doi: 10.1016/j.radonc.2015.10.021

8. Zilli T, Achard V, Dal Pra A, Schmidt-Hegemann N, Jereczek-Fossa BA, Lancia A,
et al. Recommendations for radiation therapy in oligometastatic prostate cancer: An
ESTRO-ACROP Delphi consensus. Radiother Oncol (2022) 176:199-207. doi: 10.1016/
j.radonc.2022.10.005

9. Singapore Heart Foundation. What is preventive cardiology? (2018). Available at:
https://www.myheart.org.sg/heart-news/what-is-preventive-cardiology.

10. Lyon AR, Dent S, Stanway S, Earl H, Brezden-Masley C, Cohen-Solal A, et al.
Baseline cardiovascular risk assessment in cancer patients scheduled to receive
cardiotoxic cancer therapies: a position statement and new risk assessment tools
from the Cardio-Oncology Study Group of the Heart Failure Association of the
European Society of Cardiology in collaboration with the International Cardio-
Oncology Society. Eur ] Heart Fail (2020) 22:1945-60. doi: 10.1002/ejhf.1920

11. Kao HH, Kao LT, Li IH, Pan KT, Shih JH, Chou YC, et al. Androgen deprivation
therapy use increases the risk of heart failure in patients with prostate cancer: A population-
based cohort study. J Clin Pharmacol (2019) 59:335-43. doi: 10.1002/jcph.1332

12. Huang G, Yeung CY, Lee KK, Liu J, Ho KL, Yiu MK, et al. Androgen deprivation
therapy and cardiovascular risk in chinese patients with nonmetastatic carcinoma of
prostate. ] Oncol (2014) 2014:529468. doi: 10.1155/2014/529468

13. Teoh JY, Chiu PK, Chan SY, Poon DM, Cheung HY, Hou SS, et al. Risk of new-
onset diabetes after androgen deprivation therapy for prostate cancer in the Asian
population. J Diabetes (2015) 7:672-80. doi: 10.1111/1753-0407.12226

14. Oka R, Utsumi T, Endo T, Yano M, Kamijima S, Kamiya N, et al. Effect of
androgen deprivation therapy on arterial stiffness and serum lipid profile changes in
patients with prostate cancer: a prospective study of initial 6-month follow-up. Int J
Clin Oncol (2016) 21:389-96. doi: 10.1007/s10147-015-0891-7

15. Hirata Y, Shiota M, Kobayashi T, Kashiwagi E, Takeuchi A, Inokuchi J, et al.
Prognostic significance of diabetes mellitus and dyslipidemia in men receiving
androgen-deprivation therapy for metastatic prostate cancer. Prostate Int (2019)
7:166-70. doi: 10.1016/j.prnil.2019.10.003

16. Chan JSK, Lee YHA, Liu K, Hui JMH, Dee EC, Ng K, et al. HbA ¢ variability and
cardiovascular events in patients with prostate cancer receiving androgen deprivation
therapy. Eur Urol Open Sci (2023) 47:3-11. doi: 10.1016/j.euros.2022.11.002

17. Wong C, Chu P, Teoh J, Chiu P, Yee CH, Chau L, et al. Risks of metabolic
diseases and androgen deprivation therapy for prostate cancer in a Chinese population:
a prospective multi-centre cohort study. Int Urol Nephrol (2022) 54:993-1000.
doi: 10.1007/s11255-022-03151-2

18. Wong CHM, Xu N, Lim J, Feng KK, Chan WKW, Chan MTY, et al. Adverse
metabolic consequences of androgen deprivation therapy (ADT) on Asian patients
with prostate cancer: Primary results from the real-life experience of ADT in Asia
(READT) study. Prostate (2023) 83:801-8. doi: 10.1002/pros.24519

19. Ryan CJ, Smith MR, de Bono JS, Molina A, Logothetis CJ, de Souza P, et al.
Abiraterone in metastatic prostate cancer without previous chemotherapy. N Engl |
Med (2013) 368:138-48. doi: 10.1056/NEJMoa1209096

20. Fizazi K, Tran N, Fein L, Matsubara N, Rodriguez-Antolin A, Alekseev BY, et al.
Abiraterone plus prednisone in metastatic, castration-sensitive prostate cancer. N Engl ]
Med (2017) 377:352-60. doi: 10.1056/NEJMoal704174

21. Beer TM, Armstrong AJ, Rathkopf DE, Loriot Y, Sternberg CN, Higano CS, et al.
Enzalutamide in metastatic prostate cancer before chemotherapy. N Engl ] Med (2014)
371:424-33. doi: 10.1056/NEJMo0a1405095

22. Chi KN, Agarwal N, Bjartell A, Chung BH, Pereira de Santana Gomes AJ, Given
R, et al. Apalutamide for metastatic, castration-sensitive prostate cancer. N Engl ] Med
(2019) 381:13-24. doi: 10.1056/NEJM0al1903307

23. Fizazi K, Shore N, Tammela TL, Ulys A, Vjaters E, Polyakov S, et al.
Darolutamide in nonmetastatic, castration-resistant prostate cancer. N Engl ] Med
(2019) 380:1235-46. doi: 10.1056/NEJMoal815671

Frontiers in Oncology

11

10.3389/fonc.2024.1345322

24. Smith MR, Hussain M, Saad F, Fizazi K, Sternberg CN, Crawford ED, et al.
Darolutamide and survival in metastatic, hormone-sensitive prostate cancer. N Engl |
Med (2022) 386:1132-42. doi: 10.1056/NEJMo0a2119115

25. Grundy SM, Stone NJ, Bailey AL, Beam C, Birtcher KK, Blumenthal RS, et al.
2018 AHA/ACC/AACVPR/AAPA/ABC/ACPM/ADA/AGS/APhA/ASPC/NLA/
PCNA guideline on the management of blood cholesterol: executive summary: A
report of the american college of cardiology/American heart association task force on
clinical practice guidelines. ] Am Coll Cardiol (2019) 73:3168-209. doi: 10.1016/
jjacc.2018.11.002

26. American College of Cardiology. ASCVD risk estimator plus (2023). Available at:
https://tools.acc.org/ascvd-risk-estimator-plus/#!/calculate/estimate.

27. Nasir K, Bittencourt MS, Blaha MJ, Blankstein R, Agatson AS, Rivera JJ, et al.
Implications of coronary artery calcium testing among statin candidates according to
American College of cardiology/American Heart Association Cholesterol Management
guidelines: MESA (Multi-ethnic study of atherosclerosis). ] Am Coll Cardiol (2015)
66:1657-68. doi: 10.1016/j.jacc.2015.07.066

28. Budoff MJ, Young R, Burke G, Jeffrey Carr J, Detrano RC, Folsom AR, et al. Ten-
year association of coronary artery calcium with atherosclerotic cardiovascular disease
(ASCVD) events: the multi-ethnic study of atherosclerosis (MESA). Eur Heart ] (2018)
39:2401-8. doi: 10.1093/eurheartj/ehy217

29. O’Farrell S, Garmo H, Holmberg L, Adolfsson J, Stattin P, Van Hemelrijck M.
Risk and timing of cardiovascular disease after androgen-deprivation therapy in men
with prostate cancer. J Clin Oncol (2015) 33:1243-51. doi: 10.1200/jc0.2014.59.1792

30. Forster RB, Engeland A, Kvéle R, Hjellvik V, Bjorge T. Association between
medical androgen deprivation therapy and long-term cardiovascular disease and all-
cause mortality in nonmetastatic prostate cancer. Int ] Cancer (2022) 151:1109-19.
doi: 10.1002/ijc.34058

31. Voog JC, Paulus R, Shipley WU, Smith MR, McGowan DG, Jones CU, et al.
Cardiovascular mortality following short-term androgen deprivation in clinically
localized prostate cancer: an analysis of RTOG 94-08. Eur Urol (2016) 69:204-10.
doi: 10.1016/j.eururo.2015.08.027

32. Tsai HT, Pfeiffer RM, Philips GK, Barac A, Fu AZ, Penson DF, et al. Risks of
serious toxicities from intermittent versus continuous androgen deprivation therapy
for advanced prostate cancer: A population based study. J Urol (2017) 197:1251-7.
doi: 10.1016/j.juro.2016.12.022

33. Hussain M, Tangen CM, Berry DL, Higano CS, Crawford ED, Liu G, et al.
Intermittent versus continuous androgen deprivation in prostate cancer. N Engl ] Med
(2013) 368:1314-25. doi: 10.1056/NEJMoal212299

34. Di Nunno V, Mollica V, Santoni M, Gatto L, Schiavina R, Fiorentino M, et al.
New hormonal agents in patients with nonmetastatic castration-resistant prostate
cancer: meta-analysis of efficacy and safety outcomes. Clin Genitourin Cancer (2019)
17:¢871-¢7. doi: 10.1016/j.clgc.2019.07.001

35. Hu J, Aprikian AG, Vanhuyse M, Dragomir A. Comparative cardiovascular
safety of novel hormonal agents in metastatic castration-resistant prostate cancer using
real-world data. Clin Genitourin Cancer (2022) 20:17-24. doi: 10.1016/
j.clge.2021.08.009

36. Conover MM, Weaver |, Fan B, Leitz G, Richarz U, Li Q, et al. Cardiovascular
outcomes among patients with castration-resistant prostate cancer: A comparative
safety study using US administrative claims data. Prostate (2023) 83:729-39.
doi: 10.1002/pros.24510

37. Kulkarni AA, Rubin N, Tholkes A, Shah S, Ryan CJ, Lutsey PL, et al. Risk for stroke
and myocardial infarction with abiraterone versus enzalutamide in metastatic prostate
cancer patients. ESMO Open (2021) 6:100261. doi: 10.1016/j.esmoop.2021.100261

38. Cao B, Kim M, Reizine NM, Moreira DM. Adverse events and androgen receptor
signaling inhibitors in the treatment of prostate cancer: A systematic review and
multivariate network meta-analysis. Eur Urol Oncol (2023) 6:237-50. doi: 10.1016/
j.€u0.2023.01.001

39. Tzortzis V, Samarinas M, Zachos I, Oeconomou A, Pisters LL, Bargiota A.
Adverse effects of androgen deprivation therapy in patients with prostate cancer: focus
on metabolic complications. Hormones (Athens) (2017) 16:115-23. doi: 10.14310/
horm.2002.1727

40. Zarotsky V, Huang MY, Carman W, Morgentaler A, Singhal PK, Coffin D, et al.
Systematic literature review of the risk factors, comorbidities, and consequences of
hypogonadism in men. Andrology (2014) 2:819-34. doi: 10.1111/andr.274

41. Smith MR, Finkelstein JS, McGovern FJ, Zietman AL, Fallon MA, Schoenfeld
DA, et al. Changes in body composition during androgen deprivation therapy for
prostate cancer. J Clin Endocrinol Metab (2002) 87:599-603. doi: 10.1210/
jcem.87.2.8299

42. Rhee H, Gunter JH, Heathcote P, Ho K, Stricker P, Corcoran NM, et al. Adverse
effects of androgen-deprivation therapy in prostate cancer and their management. BJU
Int (2015) 115 Suppl 5:3-13. doi: 10.1111/bju.12964

43. Cheung AS, Pattison D, Bretherton I, Hoermann R, Lim Joon D, Ho E, et al.
Cardiovascular risk and bone loss in men undergoing androgen deprivation therapy for
non-metastatic prostate cancer: implementation of standardized management
guidelines. Andrology (2013) 1:583-9. doi: 10.1111/.2047-2927.2013.00093.x

frontiersin.org


https://doi.org/10.1111/ajco.13580
https://doi.org/10.1161/atvbaha.119.313046
https://doi.org/10.4070/kcj.2022.0255
https://doi.org/10.1016/j.ajur.2014.08.007
https://doi.org/10.1016/j.jacasi.2021.04.007
https://doi.org/10.1016/j.radonc.2015.10.021
https://doi.org/10.1016/j.radonc.2022.10.005
https://doi.org/10.1016/j.radonc.2022.10.005
https://www.myheart.org.sg/heart-news/what-is-preventive-cardiology
https://doi.org/10.1002/ejhf.1920
https://doi.org/10.1002/jcph.1332
https://doi.org/10.1155/2014/529468
https://doi.org/10.1111/1753-0407.12226
https://doi.org/10.1007/s10147-015-0891-7
https://doi.org/10.1016/j.prnil.2019.10.003
https://doi.org/10.1016/j.euros.2022.11.002
https://doi.org/10.1007/s11255-022-03151-2
https://doi.org/10.1002/pros.24519
https://doi.org/10.1056/NEJMoa1209096
https://doi.org/10.1056/NEJMoa1704174
https://doi.org/10.1056/NEJMoa1405095
https://doi.org/10.1056/NEJMoa1903307
https://doi.org/10.1056/NEJMoa1815671
https://doi.org/10.1056/NEJMoa2119115
https://doi.org/10.1016/j.jacc.2018.11.002
https://doi.org/10.1016/j.jacc.2018.11.002
https://tools.acc.org/ascvd-risk-estimator-plus/#!/calculate/estimate
https://doi.org/10.1016/j.jacc.2015.07.066
https://doi.org/10.1093/eurheartj/ehy217
https://doi.org/10.1200/jco.2014.59.1792
https://doi.org/10.1002/ijc.34058
https://doi.org/10.1016/j.eururo.2015.08.027
https://doi.org/10.1016/j.juro.2016.12.022
https://doi.org/10.1056/NEJMoa1212299
https://doi.org/10.1016/j.clgc.2019.07.001
https://doi.org/10.1016/j.clgc.2021.08.009
https://doi.org/10.1016/j.clgc.2021.08.009
https://doi.org/10.1002/pros.24510
https://doi.org/10.1016/j.esmoop.2021.100261
https://doi.org/10.1016/j.euo.2023.01.001
https://doi.org/10.1016/j.euo.2023.01.001
https://doi.org/10.14310/horm.2002.1727
https://doi.org/10.14310/horm.2002.1727
https://doi.org/10.1111/andr.274
https://doi.org/10.1210/jcem.87.2.8299
https://doi.org/10.1210/jcem.87.2.8299
https://doi.org/10.1111/bju.12964
https://doi.org/10.1111/j.2047-2927.2013.00093.x
https://doi.org/10.3389/fonc.2024.1345322
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Poon et al.

44. Keating NL, Liu PH, O’Malley A]J, Freedland SJ, Smith MR. Androgen-
deprivation therapy and diabetes control among diabetic men with prostate cancer.
Eur Urol (2014) 65:816-24. doi: 10.1016/j.eururo.2013.02.023

45. Kassi E, Pervanidou P, Kaltsas G, Chrousos G. Metabolic syndrome: definitions
and controversies. BMC Med (2011) 9:48. doi: 10.1186/1741-7015-9-48

46. Grossmann M, Hamilton EJ, Gilfillan C, Bolton D, Joon DL, Zajac JD. Bone and
metabolic health in patients with non-metastatic prostate cancer who are receiving androgen
deprivation therapy. Med J Aust (2011) 194:301-6. doi: 10.5694/j.1326-5377.2011.tb02979.x

47. Lyon AR, Lopez-Fernandez T, Couch LS, Asteggiano R, Aznar MC, Bergler-
Klein J, et al. 2022 ESC Guidelines on cardio-oncology developed in collaboration with
the European Hematology Association (EHA), the European Society for Therapeutic
Radiology and Oncology (ESTRO) and the International Cardio-Oncology Society (IC-
OS). Eur Heart J (2022) 43:4229-361. doi: 10.1093/eurheartj/ehac244

48. Okwuosa TM, Morgans A, Rhee JW, Reding KW, Maliski S, Plana JC, et al.
Impact of hormonal therapies for treatment of hormone-dependent cancers (Breast
and prostate) on the cardiovascular system: effects and modifications: A scientific
statement from the American heart association. Circ Genom Precis Med (2021) 14:
€000082. doi: 10.1161/hcg.0000000000000082

49. Crawford ED, Hafron JM, Debruyne F, Wallis C, Chang S, Garnick MB.
Cardiovascular risk in prostate cancer patients using luteinizing hormone-releasing
hormone agonists or a gonadotropin-releasing hormone antagonist. J Urol (2024)
211:63-70. doi: 10.1097/ju.0000000000003721

50. Kenk M, Greégoire JC, Coté MA, Connelly KA, Davis MK, Dresser G, et al.
Optimizing screening and management of cardiovascular health in prostate cancer: A
review. Can Urol Assoc J (2020) 14:e458-e64. doi: 10.5489/cuaj.6685

51. Bhatia N, Santos M, Jones LW, Beckman JA, Penson DF, Morgans AK, et al.
Cardiovascular effects of androgen deprivation therapy for the treatment of prostate
cancer: ABCDE steps to reduce cardiovascular disease in patients with prostate cancer.
Circulation (2016) 133:537-41. doi: 10.1161/circulationaha.115.012519

52. Ahmadi H, Daneshmand S. Androgen deprivation therapy: evidence-based
management of side effects. BJU Int (2013) 111:543-8. doi: 10.1111/j.1464-410X.2012.11774.x

53. Papadopoulos E, Mina DS, Culos-Reed N, Durbano S, Ritvo P, Sabiston CM,
et al. Effects of six months of aerobic and resistance training on metabolic markers and
bone mineral density in older men on androgen deprivation therapy for prostate
cancer. ] Geriatr Oncol (2020) 11:1074-7. doi: 10.1016/j.jgo0.2020.02.013

54. Baguley BJ, Adlard K, Jenkins D, Wright ORL, Skinner TL. Mediterranean style
dietary pattern with high intensity interval training in men with prostate cancer treated
with androgen deprivation therapy: A pilot randomised control trial. Int ] Environ Res
Public Health (2022) 19:5709. doi: 10.3390/ijerph19095709

55. Ndjavera W, Orange ST, O’Doherty AF, Leicht AS, Rochester M, Mills R, et al.
Exercise-induced attenuation of treatment side-effects in patients with newly diagnosed
prostate cancer beginning androgen-deprivation therapy: a randomised controlled trial.
BJU Int (2020) 125:28-37. doi: 10.1111/bju.14922

56. Lin YC, Shao IH, Juan YH, Yeh KY, Hou CP, Chen CL, et al. The impact of
exercise on improving body composition and PSA in high-risk prostate cancer patients
on androgen-deprivation therapy. Nutrients (2022) 14:5088. doi: 10.3390/nu14235088

57. Gilbert SE, Tew GA, Fairhurst C, Bourke L, Saxton JM, Winter EM, et al. Effects of a
lifestyle intervention on endothelial function in men on long-term androgen deprivation
therapy for prostate cancer. Br J Cancer (2016) 114:401-8. doi: 10.1038/bjc.2015.479

58. Focht BC, Lucas AR, Grainger E, Simpson C, Fairman CM, Thomas-Ahner JM,
et al. Effects of a group-mediated exercise and dietary intervention in the treatment of
prostate cancer patients undergoing androgen deprivation therapy: results from the
IDEA-P trial. Ann Behav Med (2018) 52:412-28. doi: 10.1093/abm/kax002

59. Kim L, Rashid P. The Australian experience of the ‘Man Plan’ Exercise program
for patients with prostate cancer on androgen deprivation therapy. J Urol (2013) 189:
€319. doi: 10.1016/j.juro.2013.02.339

60. Bigaran A, Zopf E, Gardner J, La Gerche A, Murphy DG, Howden EJ, et al. The
effect of exercise training on cardiometabolic health in men with prostate cancer
receiving androgen deprivation therapy: a systematic review and meta-analysis.
Prostate Cancer Prostatic Dis (2021) 24:35-48. doi: 10.1038/s41391-020-00273-5

61. Albertsen PC, Klotz L, Tombal B, Grady J, Olesen TK, Nilsson J. Cardiovascular
morbidity associated with gonadotropin releasing hormone agonists and an antagonist.
Eur Urol (2014) 65:565-73. doi: 10.1016/j.eururo.2013.10.032

62. Radu A, Pichon C, Camparo P, Antoine M, Allory Y, Couvelard A, et al.
Expression of follicle-stimulating hormone receptor in tumor blood vessels. N Engl |
Med (2010) 363:1621-30. doi: 10.1056/NEJMo0al001283

63. Agarwal M, Canan T, Glover G, Thareja N, Akhondi A, Rosenberg J.
Cardiovascular effects of androgen deprivation therapy in prostate cancer. Curr
Oncol Rep (2019) 21:91. doi: 10.1007/s11912-019-0841-z

64. Freedland SJ, Abrahamsson PA. Androgen deprivation therapy and side effects:
are GnRH antagonists safer? Asian ] Androl (2021) 23:3-10. doi: 10.4103/aja.aja_22_20

65. Teoh JY, Tian XY, Wong CY, Lau CW, Cheng CK, Tang VW, et al. Endothelial
dysfunction after androgen deprivation therapy and the possible underlying
mechanisms. Prostate (2022) 82:13-25. doi: 10.1002/pros.24244

66. Margel D, Peer A, Ber Y, Shavit-Grievink L, Tabachnik T, Sela S, et al.
Cardiovascular morbidity in a randomized trial comparing gnRH agonist and gnRH
antagonist among patients with advanced prostate cancer and preexisting
cardiovascular disease. ] Urol (2019) 202:1199-208. doi: 10.1097/ju.0000000000000384

Frontiers in Oncology

12

10.3389/fonc.2024.1345322

67. Cicione A, Nacchia A, Guercio A, Gravina C, Franco A, Grimaldi MC, et al.
Cardiovascular adverse events-related to GnRH agonists and GnRH antagonists:
analysis of real-life data from Eudra-Vigilance and Food and Drug Administration
databases entries. Prostate Cancer Prostatic Dis (2023) 26:765-71. doi: 10.1038/s41391-
022-00640-4

68. Shao YJ, Hong JH, Chen CK, Huang CY. Cardiovascular risk of gonadotropin-
releasing hormone antagonist versus agonist in men with prostate cancer: an
observational study in Taiwan. Prostate Cancer Prostatic Dis (2023) 26:722-9.
doi: 10.1038/s41391-022-00555-0

69. Chen DY, Su PJ, See LC, Liu JR, Chuang CK, Pang ST, et al. Gonadotropin-
releasing hormone antagonist associated with lower cardiovascular risk compared with
gonadotropin-releasing hormone agonist in prostate cancer: A nationwide cohort and
in vitro study. Prostate (2021) 81:902-12. doi: 10.1002/pros.24187

70. Shore ND, Saad F, Cookson MS, George DJ, Saltzstein DR, Tutrone R, et al. Oral
relugolix for androgen-deprivation therapy in advanced prostate cancer. N Engl ] Med
(2020) 382:2187-96. doi: 10.1056/NEJM0a2004325

71. Lopes RD, Higano CS, Slovin SF, Nelson AJ, Bigelow R, Serensen PS, et al.
Cardiovascular safety of degarelix versus leuprolide in patients with prostate cancer: the
primary results of the PRONOUNCE randomized trial. Circulation (2021) 144:1295-
307. doi: 10.1161/circulationaha.121.056810

72. Ng CF, Teoh JYC, Chiu PKF. Letter by Ng et al. Regarding Article,
“Cardiovascular Safety of Degarelix Versus Leuprolide in Patients With Prostate
Cancer: The Primary Results of the PRONOUNCE Randomized Trial”. Circulation
(2022) 145:€773-e4. doi: 10.1161/circulationaha.121.057407

73. Abufaraj M, Iwata T, Kimura S, Haddad A, Al-Ani H, Abusubaih L, et al.
Differential impact of gonadotropin-releasing hormone antagonist versus agonist on
clinical safety and oncologic outcomes on patients with metastatic prostate cancer: A
meta-analysis of randomized controlled trials. Eur Urol (2021) 79:44-53. doi: 10.1016/
j.eururo.2020.06.002

74. Cirne F, Aghel N, Petropoulos JA, Klotz L, Lenihan DJ, Saad F, et al. The
cardiovascular effects of gonadotropin-releasing hormone antagonists in men with
prostate cancer. Eur Heart ] Cardiovasc Pharmacother (2022) 8:253-62. doi: 10.1093/
ehjcvp/pvab005

75. Sciarra A, Busetto GM, Salciccia S, Del Giudice F, Maggi M, Crocetto F, et al.
Does exist a differential impact of degarelix versus LHRH agonists on cardiovascular
safety? Evidences from randomized and real-world studies. Front Endocrinol
(Lausanne) (2021) 12:695170. doi: 10.3389/fendo.2021.695170

76. Chan JSK, Tang P, Hui JMH, Lee YHA, Dee EC, Ng K, et al. Association between
duration of gonadotrophin-releasing hormone agonist use and cardiovascular risks: A
population-based competing-risk analysis. Prostate (2022) 82:1477-80. doi: 10.1002/
Ppros.24423

77. Boland ], Choi W, Lee M, Lin J. Cardiovascular toxicity of androgen deprivation
therapy. Curr Cardiol Rep (2021) 23:109. doi: 10.1007/511886-021-01561-9

78. Hospital Authority. Hong kong cancer registry (2023). Available at: https://
www3.ha.org hk/cancereg.

79. Eapen D, Kalra GL, Merchant N, Arora A, Khan BV. Metabolic syndrome and
cardiovascular disease in South Asians. Vasc Health Risk Manage (2009) 5:731-43.
doi: 10.2147/vhrm.s5172

80. Pujalte Martin M, Borchiellini D, Thamphya B, Guillot A, Paoli J-B, Besson D,
et al. TAXOMET: A French prospective multicentric randomized phase II study of
docetaxel plus metformin versus docetaxel plus placebo in metastatic castration-
resistant prostate cancer. Clin Genitourin Cancer (2021) 19:501-9. doi: 10.1016/
j.clge.2021.08.008

81. Mark M, Klingbiel D, Mey U, Winterhalder R, Rothermundt C, Gillessen S, et al.
Impact of addition of metformin to abiraterone in metastatic castration-resistant
prostate cancer patients with disease progressing while receiving abiraterone
treatment (MetAb-pro): phase 2 pilot study. Clin Genitourin Cancer (2019) 17:323—
8. doi: 10.1016/j.clgc.2018.12.009

82. Van Poppel H, Abrahamsson PA. Considerations for the use of gonadotropin-
releasing hormone agonists and antagonists in patients with prostate cancer. Int J Urol
(2020) 27:830-7. doi: 10.1111/iju.14303

83. Cardwell CR, O’Sullivan JM, Jain S, Harbinson M T, Cook MB, Hicks BM, et al.
The risk of cardiovascular disease in prostate cancer patients receiving androgen
deprivation therapies. Epidemiology (2020) 31:432-40. doi: 10.1097/
ede.0000000000001132

84. Narayan V. Comparing cardiovascular outcomes with degarelix or leuprolide as
prostate cancer therapy-applying real-world data to clinical trial emulation. JAMA
Netw Open (2021) 4:¢2131429. doi: 10.1001/jamanetworkopen.2021.31429

85. Wallach JD, Deng Y, McCoy RG, Dhruva SS, Herrin J, Berkowitz A, et al. Real-
world cardiovascular outcomes associated with degarelix vs leuprolide for prostate
cancer treatment. JAMA Netw Open (2021) 4:€2130587. doi: 10.1001/
jamanetworkopen.2021.30587

86. Ferretti S, Mercinelli C, Marandino L, Litterio G, Marchioni M, Schips L. Metastatic
castration-resistant prostate cancer: insights on current therapy and promising
experimental drugs. Res Rep Urol (2023) 15:243-59. doi: 10.2147/rru.S385257

87. Palazzo A, Ciccarese C, Iacovelli R, Cannizzaro MC, Stefani A, Salvatore L, et al.
Major adverse cardiac events and cardiovascular toxicity with PARP inhibitors-based
therapy for solid tumors: a systematic review and safety meta-analysis. ESMO Open
(2023) 8:101154. doi: 10.1016/j.esmoop.2023.101154

frontiersin.org


https://doi.org/10.1016/j.eururo.2013.02.023
https://doi.org/10.1186/1741-7015-9-48
https://doi.org/10.5694/j.1326-5377.2011.tb02979.x
https://doi.org/10.1093/eurheartj/ehac244
https://doi.org/10.1161/hcg.0000000000000082
https://doi.org/10.1097/ju.0000000000003721
https://doi.org/10.5489/cuaj.6685
https://doi.org/10.1161/circulationaha.115.012519
https://doi.org/10.1111/j.1464-410X.2012.11774.x
https://doi.org/10.1016/j.jgo.2020.02.013
https://doi.org/10.3390/ijerph19095709
https://doi.org/10.1111/bju.14922
https://doi.org/10.3390/nu14235088
https://doi.org/10.1038/bjc.2015.479
https://doi.org/10.1093/abm/kax002
https://doi.org/10.1016/j.juro.2013.02.339
https://doi.org/10.1038/s41391-020-00273-5
https://doi.org/10.1016/j.eururo.2013.10.032
https://doi.org/10.1056/NEJMoa1001283
https://doi.org/10.1007/s11912-019-0841-z
https://doi.org/10.4103/aja.aja_22_20
https://doi.org/10.1002/pros.24244
https://doi.org/10.1097/ju.0000000000000384
https://doi.org/10.1038/s41391-022-00640-4
https://doi.org/10.1038/s41391-022-00640-4
https://doi.org/10.1038/s41391-022-00555-0
https://doi.org/10.1002/pros.24187
https://doi.org/10.1056/NEJMoa2004325
https://doi.org/10.1161/circulationaha.121.056810
https://doi.org/10.1161/circulationaha.121.057407
https://doi.org/10.1016/j.eururo.2020.06.002
https://doi.org/10.1016/j.eururo.2020.06.002
https://doi.org/10.1093/ehjcvp/pvab005
https://doi.org/10.1093/ehjcvp/pvab005
https://doi.org/10.3389/fendo.2021.695170
https://doi.org/10.1002/pros.24423
https://doi.org/10.1002/pros.24423
https://doi.org/10.1007/s11886-021-01561-9
https://www3.ha.org.hk/cancereg
https://www3.ha.org.hk/cancereg
https://doi.org/10.2147/vhrm.s5172
https://doi.org/10.1016/j.clgc.2021.08.008
https://doi.org/10.1016/j.clgc.2021.08.008
https://doi.org/10.1016/j.clgc.2018.12.009
https://doi.org/10.1111/iju.14303
https://doi.org/10.1097/ede.0000000000001132
https://doi.org/10.1097/ede.0000000000001132
https://doi.org/10.1001/jamanetworkopen.2021.31429
https://doi.org/10.1001/jamanetworkopen.2021.30587
https://doi.org/10.1001/jamanetworkopen.2021.30587
https://doi.org/10.2147/rru.S385257
https://doi.org/10.1016/j.esmoop.2023.101154
https://doi.org/10.3389/fonc.2024.1345322
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Addressing the risk and management of cardiometabolic complications in prostate cancer patients on androgen deprivation therapy and androgen receptor axis-targeted therapy: consensus statements from the Hong Kong Urological Association and the Hong Kong Society of Uro-Oncology
	1 Introduction
	2 Methods
	3 Results
	3.1 Part I: Baseline assessment and screening for risk factors in PCa patients before the initiation of ADT and AR axis-targeted therapies
	3.1.1 Baseline assessment items
	3.1.2 CV risk stratification system
	3.1.3 Duration of ADT and CVD risk
	3.1.4 Choice of AR axis-targeted therapy and CVD risk

	3.2 Part II: Follow-up and management of cardiometabolic complications
	3.2.1 Follow-up schedules
	3.2.2 Measures to reduce the risk of cardiometabolic complications
	3.2.3 Management of cardiometabolic complications

	3.3 Part III: Selection of ADT agents among high-risk patients

	4 Discussion
	5 Conclusion
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher’s note
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




