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Abstract

Background: Although androgen deprivation therapy has known cardiovascular

risks, it is unclear if its duration is related to cardiovascular risks. This study thus

aimed to investigate the associations between gonadotrophin‐releasing hormone

(GnRH) agonist use duration and cardiovascular risks.

Methods: This retrospective cohort study included adult patients with prostate

cancer receiving GnRH agonists in Hong Kong during 1999–2021. Patients who

switched to GnRH antagonists, underwent bilateral orchidectomy, had <6 months of

GnRH agonist, prior myocardial infarction (MI), or prior stroke was excluded. All

patients were followed up until September 2021 for a composite endpoint of MI and

stroke. Multivariable competing‐risk regression using the Fine‐Gray subdistribution

model was used, with mortality from any cause as the competing event.

Results: In total, 4038 patients were analyzed (median age 74.9 years old,

interquartile range (IQR) 68.7–80.8 years old). Over a median follow‐up of 4.1

years (IQR 2.1–7.5 years), longer GnRH agonists use was associated with higher risk

of the endpoint (sub‐hazard ratio per year 1.04 [1.01–1.06], p = 0.001), with those
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using GnRH agonists for ≥2 years having an estimated 23% increase in the sub‐

hazard of the endpoint (sub‐hazard ratio 1.23 [1.04–1.46], p = 0.017).

Conclusion: Longer GnRH agonist use may be associated with greater cardiovascular

risks.

K E YWORD S

androgen deprivation therapy, cardio‐oncology, cohort, prostate cancer

1 | INTRODUCTION

Androgen deprivation therapy (ADT) is a pillar in the treatment of

advanced prostate cancer (PCa). Despite the anticancer benefits of

ADT, its associated cardiovascular risks have been under scrutiny

since Keating et al. showed that gonadotropin‐releasing hormone

(GnRH) agonist use was associated with increased risks of myocardial

infarction and sudden cardiac death.1 While studies have found

prolonged ADT to be efficacious in high‐risk disease in terms of PCa

outcomes,2 little is known about the association between ADT

duration and cardiovascular events. A 2021 scientific statement by

the American Heart Association also recommended further research

into the effects of the duration of hormonal therapies on

cardiovascular outcomes.3 This study thus aimed to investigate the

association between GnRH agonist use duration and cardiovascular

risks.

2 | MATERIALS AND METHODS

This retrospective cohort study was approved by the Joint Chinese

University of Hong Kong– New Territories East Cluster Clinical

Research Ethics Committee and conducted in accordance with the

Declaration of Helsinki and the Strengthening the Reporting of

Observational studies in Epidemiology (STROBE) guideline. Patient

consent was not needed as deidentified data were used. Data were

obtained from the Clinical Data Analysis and Reporting System

(CDARS), a population‐based electronic database of patients attend-

ing public healthcare institutions in Hong Kong. Diagnoses were

recorded by International Classification of Diseases, Ninth revision

(ICD‐9) codes (Table S1) regardless of the year of entry, as ICD‐10

codes have not been implemented to date. CDARS has been used in

previous studies and shown to have good coding accuracy.4–6

Patients aged ≥18 years old with PCa who received any GnRH

agonist (leuprorelin, triptorelin, or goserelin) during December 1999

and March 2021 were included. Patients who switched to GnRH

antagonists, underwent bilateral orchidectomy, had <6 months of

GnRH agonist, prior myocardial infarction (MI), or prior stroke were

excluded. The endpoint was a composite of MI and stroke. Patients

were followed up until September 31, 2021.

Continuous variables were expressed as median and interquartile

range (IQR). To account for the high mortality rate, competing‐risk

analysis with Fine‐Gray sub‐distribution model was performed, with

mortality from any cause as the competing event. Univariable

competing‐risk regression was performed for age, comorbidity, and

medication use to identify significant confounders (p < 0.10). Multi-

variable competing‐risk regression adjusting for identified significant

covariates was used to assess the association between GnRH agonist

use duration and risk of the endpoint, using sub‐hazard ratios (SHR)

with 95% confidence intervals (CI) as summary statistics. GnRH

agonist use duration was analyzed both as a continuous variable, and

as a categorical variable with two years as the cut‐off which was

chosen as the DART01/05 trial evaluated late cardiotoxicity of ADT

up to two years.7 All p‐values were two‐sided, with p < 0.05

considered statistically significant. All analyses were performed on

Stata (v16.1, StataCorp LLC).

3 | RESULTS

Initially, 6871 patients were identified; 4038 were analyzed after

applying the exclusion criteria (Figure S1; median age 74.9 years old,

IQR 68.7–80.8 years old; median duration of GnRH agonist use 2.7

years, IQR 1.6–4.5 years), whose baseline characteristics were

summarized in Table S2.

Over a median follow‐up of 4.1 years (IQR 2.1–7.5 years), the

endpoint occurred in 735 patients (18.2%; 347 (8.6%) had MI, 380

(9.4%) had stroke, and 8 (0.2%) had both); 1623 (40.2%) died without

having had the endpoint. Results of univariable analysis were

summarized in Table S3, with longer use of GnRH agonists showing

a nominal association with the risk of the endpoint (SHR per year of

GnRH agonist use 1.02 [1.00–1.04], p = 0.067). In multivariable

analysis adjusting for significant covariates, longer use of GnRH

agonists was associated with higher risk of the endpoint (SHR 1.04

[1.01–1.06], p = 0.001), with those using GnRH agonists for ≥2 years

(N = 2667, 66.1%) having an estimated 23% increase in the sub‐

hazard of the endpoint (SHR 1.23 [1.04–1.46], p = 0.017; Figure 1).

4 | DISCUSSION

Studies that investigated the link between ADT duration and

cardiovascular risks present a mixed picture. A secondary analysis

of randomized controlled trials by D'Amico and colleagues observed

1478 | CHAN ET AL.

 10970045, 2022, 15, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/pros.24423 by T

est, W
iley O

nline L
ibrary on [06/12/2022]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



that patients on 6–8 months of ADT did not have significantly

different cardiovascular risks compared to those on 3 months of

ADT.8 Meanwhile, another more recent study by Gong and

colleagues showed that >6 months of ADT was associated with

higher risks of cardiovascular death and worse cardiorespiratory

fitness compared to short‐term use (<6 months).9 In that study,

interestingly, the median duration of ADT in patients with >6 months

of ADT was 28 months, which was substantially longer than what

D'Amico and colleagues included as the group with longer ADT

duration (6–8 months of ADT),8 and closer to our subgroup of at least

2 years of ADT. It is thus possible that significant differences in

cardiovascular risks only become apparent with longer durations of

ADT, and further studies of longer ADT durations are needed to

verify our findings.

Whilst some have briefly investigated the effects of longer‐term

ADT in observational cohorts, the effects of competing events (e.g.

mortality) were not accounted for, which probably contributed to the

associations between longer ADT durations ADT and reduced

cardiovascular risks in some reports.10,11 Recognizing the bias that

competing events may cause, our study addressed the effects of

mortality as a competing event, observing that long‐term (≥2 year)

GnRH agonist use was associated with significantly higher cardiovas-

cular risks. Given the population‐based nature of our data, these

findings may reflect real‐world practice. Clinically, these findings

should prompt clinicians to consider intensifying cardiovascular

monitoring in patients on prolonged GnRH agonist therapy, such as

≥2 years. Our findings also facilitate better risk‐benefit analysis of

increasing ADT duration, a gap in the evidence that has been

recognized to be a research priority.3 Further studies are warranted

to better delineate the time‐dependency of ADT‐related

cardiotoxicity.

Nonetheless, this study was limited by its observational nature,

predisposing to residual confounding. Specifically, metastatic patients

may use androgen receptor signaling inhibitors which are associated

with cardiovascular events. Nevertheless, the multivariable adjust-

ment included these agents, partially addressing this limitation. The

retrospective nature also barred any meaningful study of cardiac

biomarkers, as the inclusion of any such measurement would have

resulted in significant bias by indication, selecting for patients who

had worse cardiovascular outcomes. Furthermore, cancer staging

data was unavailable. These should be considered in future studies.

Lastly, diagnostic data could not be adjudicated; nonetheless,

diagnostic codes were input by treating clinicians independent of

the authors, and previous studies of CDARS have shown good coding

accuracy, especially for cardiovascular outcomes.5

5 | CONCLUSIONS

Longer GnRH agonist use may be associated with increased

cardiovascular risk, underscoring the need for studies investigating

the time‐dependency of ADT‐related cardiotoxicity. These findings

should be considered in shared decision‐making in the treatment

of PCa.
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