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Probability of Cardiovascular Death in Patients with Prostate Cancer Receiving
Androgen Deprivation Therapy (ADT): A Comprehensive Analysis
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Permatasari4, Besut Daryanto1*, Kurnia Penta Seputra1

Background. ADT, or androgen deprivation therapy, is one of the most
effective treatments for prostate cancer. It works by reducing testosterone
levels to levels that would cause castration either medication or surgery. ADT
has been associated with a significant improvement in cancer-related survival;
however, reports of cardiovascular (CV) problems connected to ADT
treatment are on the rise.
Objectives. To demonstrate the risk of cardiovascular death in patients with
prostate cancer treated with ADT.
Methods. This study demonstrated compliance with the parameters set forth
by the Preferred Reporting Items for Systematic Review and Meta-Analysis
(PRISMA) 2020. With this search strategy, articles published between 2014
and 2024 were taken into consideration. This was accomplished by utilizing a
number of distinct online reference sites, including Pubmed, SagePub, and
Google Scholar. Review articles, previously published works, and partially
completed works were all selected not to be considered.
Results. We found 221 papers in the PubMed database, 47 articles on
SagePub, and 9050 items on Google Scholar as a result of our search. 7287
records were removed before screening, hence 2030 articles were received for
review. Following a record-exclusion screening, we assembled ten
publications in total. Five studies that fulfilled the requirements were
included.
Conclusion. ADT is frequently a crucial component of the treatment of
prostate cancer; patients should also receive counselling regarding their
elevated risk of cardiovascular events and should think about taking
preventative measures to lower that risk.
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Introduction

Androgen deprivation therapy (ADT) is the
standard of care for men diagnosed with
unfavourable-risk prostate cancer who are treated
with definitive radiation therapy (RT). ADT is
administered for 4 to 6 months for intermediate-risk
disease and 18 to 36 months for high-risk illness. The
use of ADT in this setting may have been linked to an
increased risk of a number of cardiovascular end
points, such as diabetes, coronary artery disease,
myocardial infarction, stroke, transient ischemic
attack, and cardiovascular death, according to a

number of previous reports, including observational
data and a secondary analysis of randomized trials.
Nonetheless, alternative research has yielded
conflicting results and has not established a
connection of any kind between ADT and the risk of
cardiac death. ADT's potential cardiovascular toxicity
remains unclear, however a number of theories have
been brought out, including the possibility of
metabolic changes brought on by low testosterone
levels and the instability of atherosclerotic plaques as
a result of gonadotropin receptor agonists directly
stimulating immune cells [1].
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The most important treatment for advanced
prostate cancer is ADT. Numerous regimens, such as
gonadotropin-releasing hormone (GnRH) agonists
and antagonists, anti-androgens, and androgen
receptor inhibitors, have become the standards of care
in advanced prostate cancer treatment. The basic
principle of ADT for advanced prostate cancer is
ongoing androgen blocking, which is maintained even
in the late castration-resistant stage. As a result, the
longer an advanced prostate cancer patient lives, the
longer ADT treatment is administered. Extended use
of ADT will result in more problems even though it
improves overall survival. In relation to androgen
loss, decreased libido, gynecomastia, weight gain,
cognitive deficit, overactive bladder, metabolic
disorders (hyperglycemia, hyperlipidemia,
cardiovascular events), and skeletal related problems
were the most often reported side events linked to
ADT. Considering their potentially fatal nature and
effects, subgroup investigations focused mostly on
cardiovascular events [2].

Over the past few decades, there has been a lot of
research done on the function of androgens in the CV
system. It has long been thought that the primary
androgen, testosterone, raises the risk of
cardiovascular disease (CVD); studies have shown
that men are twice as likely as women to get CVD.
Nevertheless, this gender disparity diminishes when
women go through menopause, and it is generally
acknowledged that the premenopausal estrogen's
cardioprotective function plays a major part in this
gender disparity. However, there is still some debate
over testosterone's effects on the heart [3]. According
to certain retrospective studies, men who use
supplemental testosterone are more likely to
experience cardiovascular events, indicating that high
testosterone levels may actually hasten the onset of
CVD. On the other hand, low or insufficient
endogenous testosterone has also been linked to a
higher risk of CVD, an adverse metabolic profile, and
a detrimental effect on the cardiovascular system,
suggesting that testosterone has complicated and
possibly bimodal effects on the cardiovascular system
[4].

Materials and Methods

In order to ensure that this study complied with
the requirements, the author followed the guidelines
established by Preferred Reporting Items for
Systematic Review and Meta-Analysis (PRISMA)
2020. To make sure that the results derived from the
investigation are correct, this is done.

In this study, we investigate the disparities in the
risk of cardiovascular death among patients with
prostate cancer treated with androgen deprivation
therapy. Researching or exploring the risk of
cardiovascular death in patients with prostate cancer
treated with androgen deprivation therapy is
achievable. The main objective of this study is to
demonstrate the significance of the challenges that
have been recognized.

To be eligible to participate in the study,
researchers had to choose articles that met the
following requirements: The study must be prepared
in English and assess the risk of cardiovascular death
in individuals with prostate cancer receiving
androgen deprivation therapy. The manuscript must
fulfil both of these conditions in order to be
considered for publication. A few of the examined
studies had been published after 2014, but prior to the
time frame considered relevant by this systematic
review.

We used " risk of cardiovascular mortality in
prostate cancer patients managed with androgen
deprivation therapy.” as keywords. Using the PubMed
and SagePub databases, the search for studies to be
included in the systematic review was conducted by
entering the terms: (("Prostate cancer"[MeSH
Subheading] OR "Androgen deprivation therapy"[All
Fields] OR "Treatment of prostate cancer” [All
Fields]) AND ("management of prostate cancer"[All
Fields] OR " Benefit of androgen deprivation therapy
"[All Fields]) AND ("Risk factor of cardiovascular
mortality with androgen deprivation therapy"[All
Fields]) OR ("Cardiovascular mortality in prostate
cancer”[All Fields]) used in searching the literature.

Upon reviewing each study abstract and title, the
authors conducted an analysis to ascertain if the
research met the inclusion requirements.
Subsequently, the authors determined which prior
studies to include as references in their paper and
selected those that were appropriate. All submissions
must be made in English and must not have been
published elsewhere.

The publications included in the systematic
review were limited to those that met all of the
inclusion criteria. As a result, only relevant results
remain after the reduction in the number of results.
The findings of any study that does not meet our
standards are not taken into consideration.
Subsequently, an extensive analysis of the research
findings will be conducted. Names, authors,
publication dates, locations, study activities, and
parameters were among the details that came to light
during the investigation conducted for this study.
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Figure 1. Flowchart for article search

Results and Discussions

We obtained 221 articles from the PubMed
database, 47 articles from SagePub, and 9050 items
from Google Scholar as a result of our search. We
receive 2030 items for screening since 7287 records
were removed prior to screening. Following a
record-exclusion screening, we assembled ten
publications in total. Five studies that satisfied the
requirements were included.

According to Forster, RB et al. (2022), there is
evidence linking ADT for nonmetastatic PCa to an
increased risk of CVD events, particularly in patients
who had some CVD risk factors at the time of
diagnosis and were receiving treatment for a longer
period of time [5]. Patients receiving ADT also had
greater all-cause mortality, according to our findings.
Nonetheless, additional research utilizing more
comprehensive cancer data, particularly about cancer
aggressiveness, is required to ascertain the clinical
significance of these results in relation to the overall
advantages of ADT. When planning a treatment for
patients, clinicians should carefully assess the
advantages and disadvantages of ADT, possibly
taking early management for CVD risk factors into
account.

GnRH agonists and degarelix were linked to a
higher risk of cardiovascular disease, according to
research by Cardwell, CR et al. (2020). According to
this study, degarelix use is associated with an elevated
risk of cardiovascular disease. Further research is
warranted as the cause of this connection is not well
understood [6].

When compared to ADT non-users, Jonusas, J. et
al. (2022) showed that ADT usage is linked to a

higher risk of CVD-related death among individuals
diagnosed with prostate cancer [7]. Stroke and
ischemic heart disease were determined to carry the
highest mortality risk. Furthermore, all cumulative
duration groups had an increased risk of death from
CVD, and starting in the second year following
diagnosis, ADT users had a significantly higher risk
of death than non-users. Lastly, in the older cohort of
patients with prostate cancer diagnosed and receiving
ADT treatment, we find a markedly elevated risk of
mortality from CVD.

According to Li, Y. et al. (2022), there was no
correlation between ADT and a higher risk of major
cardiovascular events among males of Southeast
Asian descent who got curative radiation, when two
forms of propensity score adjustments were included
[8].

The Middle East and Lebanon are known to have
a high prevalence of CV risk factors, and Hassan, MA
et al. (2022) demonstrated that this is the first study
on cardiac risks and events in patients on ADT from
these regions [9]. The study discovered that among
this Middle Eastern patient cohort, one-third had
coronary artery disease at baseline, and 9.5% had
recorded cardiac events. Additionally, a noteworthy
proportion of the population had CV risk factors at
the time of ADT beginning. Our study draws
attention to the shortcomings in the evaluation of CV
risk for this high-risk subset of prostate cancer
patients. Prior to beginning ADT therapy, risk and
resource-stratified algorithms are required for the best
possible CV health. To maximize patient treatment,
cardiologists, urologists, and oncologists must work
together more and establish referral protocols and
increased awareness.

In terms of cancer incidence and cancer-related
mortality among American men, prostate cancer
(PCa) ranks second in the country. High 5-year
survival rates, nearly 100%, are observed for
localized and regional PCa. Since prostate cancer
seldom spreads to other organs and results in
mortality, active surveillance has shown to be a
successful long-term treatment plan. ADT, on the
other hand, is the mainstay of treatment for prostate
cancer that has developed, and it can be highly
successful in bringing blood testosterone levels down
to castrate levels in as few as 2-4 weeks. ADT has
been linked to a higher incidence of CV adverse
events, despite its great results. In addition to other
adverse effects, it has been discovered that patients
have an increased risk of myocardial infarction (MI),
stroke, hypertension (HTN), and arrhythmia. In men
with prostate cancer, cardiovascular disease (CVD) is
the second most common cause of death, and
two-thirds of patients have an elevated risk of CVD
[10,11].
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Table 1. The articles included in this study
Author Method Sample Size Result

Forster, RB et
al ., 20225

Longitudinal cohort
study

30923 8449 (27%) of the 30 923 PCa patients that were included in our
study received main ADT. For CVD events and death, the mean
follow-up was 2.9 and 3.8 years, respectively. We determined a
correlation between ADT and the following conditions: heart failure
(1.23: 1.13‑1.35), myocardial infarction (1.18: 1.05‑1.32), stroke
(1.21: 1.06‑1.38), and composite CVD (adjusted HR 1.13: 95% CI
1.05‑1.21). For more than seven months, these correlations remained
in people with low to intermediate CVD risk and ADT. All-cause
mortality and ADT were found to be correlated, particularly in
patients with moderate CVD risk and prolonged treatment duration.

Cardwell, CR et
al., 20206

Cohort study 22366 During 73,570 people, during which time there were 3,853
cardiovascular incidents, the cohort of 20,216 patients with prostate
cancer was monitored. An increase in cardiovascular events of 30%
was linked to ADT (adjusted HR=1.3 95% CI 1.2, 1.4). Adjusted
HR=1.3 95% CI 1.2, 1.4 for GnRH agonists and HR=1.5 95% CI
1.2, 1.9 for degarelix, but not for bicalutamide monotherapy
(adjusted HR=1.0 95% CI 0.82, 1.3) indicated increases in
cardiovascular events.

Jonusas, J et al.,
20227

Retrospective cohort
study

13343 Compared to ADT non-users, the cohort of patients receiving ADT
had a greater risk of suffering from CVD (HR 2.14, 95% CI
[1.86–2.45], p <0.001). In addition, ADT users had a higher risk of
suffering from ischemic heart disease and stroke (HR 1.42, 95% CI
[1.16–1.73] and 1.70, 95% CI [1.18–2.45). Lastly, the age group of
ADT users aged 70–79 had the highest risk of death from CVD (HR
4.78, 95% CI [3.79–6.04]).

Li, Y et al.,
20228

Prospective study 1940 Patients who underwent either RT alone (n = 494) or RT plus ADT
(n = 1446) between 2000 and 2019 were included in the analysis.
The cumulative incidence of MACE at 1, 3, and 9 years was 1.2, 5
and 16.2% in the RT group and 1.1, 5.2 and 17.6% in the RT+ ADT
group, respectively, following a median follow-up of 10 years (RT)
and 7.2 years (RT+ ADT). The incidence of MACE did not differ
between the two groups (HR 1.01, 95% CI 0.78–1.30, p = 0.969).
Eighty percent of patients had pre-treatment CV risk factors, and
cardiovascular disease (15.9%) was the second highest cause of
death, behind prostate cancer (21.1%). Older age, being Indian or
Malay, having pre-existing CV risk factors, and having a history of
MACE were all linked to a higher risk of MACE on univariate
analysis. Multivariable analysis showed no significant changes in
MACE risk between the RT+ADT and RT groups after propensity
score adjustments.

Hassan, MA et
al., 20229

Retrospective study 234 ADT therapy was administered to 234 patients with prostate cancer
who were treated in a tertiary care facility in Lebanon. The study
was done retrospectively. CV incidents on ADT and baseline CV
risk variables were examined. The age range with a median of 68
years was 48–92 years. At diagnosis, 49.6% of patients had stage 4
illnesses, and their median time on ADT was 12 months. Within our
group, 24.4% had a body mass index greater than 30, 52.1% had
smoked before, 25.6% had diabetes, 19.7% had experienced
coronary artery disease, 9.8% had experienced heart failure, and
52.9% had hypertension. At baseline, less than half of the patients
had a lipid profile that had been documented. Following the start of
ADT, 22 individuals (9.5%) had reported cardiac incidents.

For men with intermediate/high-risk or locally
advanced prostate cancer (PCa), external-beam
radiation therapy (RT) combined with ADT

employing GnRH agonist therapy reduces
cancer-specific mortality and, in certain situations,
all-cause mortality. GnRH agonist therapy use has
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significantly grown in the past 20 years among men
with PCa, including those with lower stage disease
and older men with major competing causes of
mortality. This is partly because of the established
survival benefit in intermediate/high-risk disease. But
because the risk-benefit ratio is less clear in these
patient populations, caution has been raised regarding
the use of ADT with special consideration given to
those who are least likely to benefit (lower risk
disease with fewer competing causes of mortality)
and those who are most likely to be harmed
(significant comorbidities like high-risk
cardiovascular status) [12,13].

Male hypogonadism has often been linked to a
poorer metabolic profile and an elevated risk of CVD.
It is crucial to note that there is still a lot of
disagreement on the latter association. Low
testosterone (T) in particular, which is seen in patients
at higher risk for cardiovascular disease (CVD), may
be an adaptive protective mechanism that shuts down
T-dependent processes (including sexual and/or
reproductive activity) when a patient's physical health
deteriorates. Consequently, a substantial amount of
research has shown that acute or long-term medical
conditions may disrupt the
hypothalamic-pituitary-testis axis, which may result
in the emergence of primary or, more commonly,
secondary hypogonadism [14].

GnRH agonists and antagonists may differ in their
effects on cardiovascular risk, which is an interesting
finding. Unlike GnRH agonists, which predominantly
reduce LH, GnRH antagonists suppress both
luteinizing hormone (LH) and follicle-stimulating
hormone (FSH). This could have an impact on how
these substances affect fat accumulation, lipid
metabolism, and endothelial function. Remarkably, a
recent pooled study of six randomized controlled
trials discovered that the risk of cardiac events was
twice as high for men receiving GnRH agonist
treatment than for men receiving GnRH antagonist
treatment among men with pre-existing CVD.
Prospective studies are required to provide more
conclusive information about which type of ADT is
best for men with the highest cardiovascular risk,
even though they are hypothesis generating [15].

Not a single prospective trial has conclusively
shown that exposure to ADT raises the risk of CVD
or CV mortality, despite well-established negative
effects on CV risk factors and a potential link
between ADT exposure and increased CV morbidity.
Nonetheless, the overwhelming body of research
indicates that men with pre-existing cardiovascular
disease (CVD), such as a history of myocardial
infarction or congestive heart failure, are most at risk
of experiencing CV events when exposed to ADT,
particularly in the first six months after ADT

initiation. Therefore, frequent monitoring is necessary
[15,16].

Conclusions

ADT is frequently a crucial component of the
treatment of prostate cancer; patients should also
receive counselling regarding their elevated risk of
cardiovascular events and should think about taking
preventative measures to lower that risk.

Conflict of interest

The authors declare no conflict of interest.

References

[1] Butler SS, Mahal BA, Moslehi JJ, Nohria A, Dee
EC, Makkar R, et al. Risk of cardiovascular
mortality with androgen deprivation therapy in
prostate cancer: A secondary analysis of the
Prostate, Lung, Colorectal, and Ovarian (PLCO)
Randomized Controlled Trial. Cancer.
2021;127(13):2213–21.

[2] Li JR, Wang SS, Chen CS, Cheng CL, Hung SC,
Lin CH, et al. Conventional androgen
deprivation therapy is associated with an
increased risk of cardiovascular disease in
advanced prostate cancer, a nationwide
population-based study. PLoS One [Internet].
2022;17(6 6):1–12. Available from:
http://dx.doi.org/10.1371/journal.pone.0270292

[3] Kim J, Freeman K, Ayala A, Mullen MK, Sun Z,
Rhee JW. Cardiovascular Impact of Androgen
Deprivation Therapy: from Basic Biology to
Clinical Practice. Curr Oncol Rep [Internet].
2023;25(9):965–77. Available from:
https://doi.org/10.1007/s11912-023-01424-2

[4] Boban M. Cardiovascular Diseases and Androgen
Deprivation Therapy. Acta Clin Croat.
2019;58:60–3.

[5] Forster RB, Engeland A, Kvåle R, Hjellvik V,
Bjørge T. Association between medical
androgen deprivation therapy and long-term
cardiovascular disease and all-cause mortality in
nonmetastatic prostate cancer. Int J Cancer.
2022;151(7):1109–19.

[6] Cardwell CR, O’Sullivan JM, Jain S, Harbinson
MT, Cook MB, Hicks BM, et al. The Risk of
Cardiovascular Disease in Prostate Cancer
Patients Receiving Androgen Deprivation
Therapies. Epidemiology. 2020;31(3):432–40.

[7] Jonušas J, Drevinskaitė M, Patašius A, Kinčius M,
Janulionis E, Smailytė G. Androgen-deprivation

Brawijaya Journal of Urology 41



Amira FR, Adhananta ZP, Muhammad ZR, Dinda EP, Besut D, Kurnia PS - Probability of Cardiovascular Death in Patients…

therapy and risk of death from cardio-vascular
disease in prostate cancer patients: a nationwide
lithuanian population-based cohort study. Aging
Male [Internet]. 2022;25(1):173–9. Available
from:
https://doi.org/10.1080/13685538.2022.2091130

[8] Li Y, Ong WS, Shwe MTT, Yit NLF, Quek SZH,
Pang EPP, et al. Cardiovascular toxicities of
androgen deprivation therapy in Asian men with
localized prostate cancer after curative
radiotherapy: a registry-based observational
study. Cardio-Oncology [Internet].
2022;8(1):4–11. Available from:
https://doi.org/10.1186/s40959-022-00131-4

[9] Hassan MA, Telvizian T, Abohelwa M, Mukherji
D, Skouri H. Cardiac risk factors and events in
patients with prostate cancer commencing
androgen deprivation therapy: analysis from a
tertiary care centre in the Middle East.
Ecancermedicalscience. 2022;16:1–7.

[10] Fradin J, Kim FJ, Lu-Yao GL, Storozynsky E,
Kelly WK. Review of Cardiovascular Risk of
Androgen Deprivation Therapy and the
Influence of Race in Men with Prostate Cancer.
Cancers (Basel). 2023;15(8):1–18.

[11] Challa AA, Calaway AC, Cullen J, Garcia J,
Desai N, Weintraub NL, et al. Cardiovascular
Toxicities of Androgen Deprivation Therapy.
Curr Treat Options Oncol. 2021;22(6).

[12] 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
[Internet]. 2016 Feb;69(2):204–10. Available
from:
https://linkinghub.elsevier.com/retrieve/pii/S030
2283815007708

[13] Kohutek ZA, Weg ES, Pei X, Shi W, Zhang Z,
Kollmeier MA, et al. Long-term Impact of
Androgen-deprivation Therapy on
Cardiovascular Morbidity After Radiotherapy
for Clinically Localized Prostate Cancer.
Urology [Internet]. 2016 Jan;87:146–52.
Available from:
https://linkinghub.elsevier.com/retrieve/pii/S009
0429515009048

[14] Sternberg M, Pasini E, Chen-Scarabelli C,
Corsetti G, Patel H, Linardi D, et al. Elevated
cardiac troponin in clinical scenarios beyond
obstructive coronary artery disease. Med Sci
Monit. 2019;25:7115–25.

[15] 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. Circulation.
2016;133(5):537–41.

[16] Haque R, Ulcickasyood M, Xu X,
Cassidy-Bushrow AE, Tsai HT, Keating NL, et
al. Cardiovascular disease risk and androgen
deprivation therapy in patients with localised
prostate cancer: A prospective cohort study. Br J
Cancer [Internet]. 2017;117(8):1233–40.
Available from:
http://dx.doi.org/10.1038/bjc.2017.280

Brawijaya Journal of Urology 42


