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The inclusion criteria included use of either intermittent or continuous 
ADT (IADT or CADT, respectively), studies with adequate safety data 
on cardiovascular events, and effects on bone health. Phase II studies 
were excluded. The approved dosing regimen for both GnRH agonists 
and antagonists has been considered in the present review; exceptions 
are mentioned as applicable.

Safety data were tabulated for similarly captured events while it was 
descriptively presented when not in uniformity with rest of the data. 
The key events captured included cardiovascular events and fractures. 
The safety data for GnRH agonists and antagonists are presented to 
provide a comparative overview.

HORMONAL REGULATION
GnRH agonists and antagonists both suppress testosterone levels to 
castrate levels. GnRH agonists, after an initial overstimulation, down-
regulate GnRH receptors in the pituitary leading to reduction in 
luteinizing hormone (LH), follicle-stimulating hormones (FSH), and 
testosterone. In contrast, GnRH antagonists directly block pituitary 
GnRH receptors providing rapid and sustained suppression of LH, 
FSH, and testosterone.1

The initial overstimulation of pituitary receptors by GnRH 
agonists leads to a surge of testosterone that, particularly in patients 
with metastatic disease, may very rarely exacerbate clinical symptoms 
(clinical flare) leading to bone pain, spinal cord compression, and even 
death; if the risk of flare is a concern, it can be managed with an anti-

INTRODUCTION
Androgen deprivation therapy (ADT) is a first-line treatment for 
advanced prostate cancer with the goal of achieving castrate levels 
of testosterone (<0.5 ng ml−1).1 ADT using gonadotropin-releasing 
hormone (GnRH) agonists or antagonists works by blocking the 
hypothalamic-pituitary-testis feedback system, thereby lowering 
the levels of circulating androgens available to activate androgen 
receptors.2 Currently approved GnRH agonists, such as goserelin, 
leuprolide, buserelin, and triptorelin, are mainly available as 
intramuscular or subcutaneous depots. Degarelix, administered 
subcutaneously, is the only GnRH antagonist approved for the 
treatment of prostate cancer.3

GnRH agonists and antagonists represent the vast majority of ADT 
and, unlike bilateral orchiectomy, their effects are reversible. However, 
there are safety concerns including injection site reactions, hot flushes, 
cardiovascular disorders, metabolic dysfunction, and increased risk of 
fractures due to reduced bone mineral density (BMD).4–6

This literature review focuses on the safety profile of ADT using 
GnRH agonists and antagonists in patients with prostate cancer, with 
a special focus on cardiovascular and bone adverse events (AEs).

LITERATURE SEARCH AND EVIDENCE ACQUISITION
A PubMed search was conducted to identify publications from Phase 
III studies, meta-analyses, and retrospective population-based studies 
that evaluated the exposure of ADT in patients with prostate cancer. 
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androgen.7 Microsurges of LH and testosterone can occur after each 
administration of these agents8 (this is sometimes known as the ‘acute-
on-chronic’ phenomenon), but are generally not clinically appreciable. 
During treatment with GnRH agonists, FSH levels gradually increase 
and can cause an FSH “escape.”9 The benefit of the rapid and sustained 
suppression of FSH with GnRH antagonists is unclear, but given human 
prostate cancer cells have been shown to express FSH receptors, further 
analyses of these differences are warranted.10 Importantly, GnRH 
antagonists provide an alternative treatment approach without clinical 
flares for advanced or metastatic prostate cancer.8,11

IMPACT OF ADT ON CARDIOVASCULAR HEALTH
In 2010, the US Food and Drug Administration (FDA) issued a 
notification to add new safety warnings on GnRH agonists labels 
pertaining to the increased risk of diabetes, heart attack, sudden cardiac 
death, and stroke. Similar advisory statements were published by the 
American Heart Association, American Cancer Society, and American 
Urological Association;12 however, there is no such warning for the use 
of GnRH antagonists.

The European Association of Urology (EAU) states that there 
is no consistent evidence that ADT is associated with nonfatal 
cardiovascular diseases (CVD).13,14 Importantly, the randomized 
controlled trials (RCTs), showing no increased CVD risk from 
ADT,14 tended to exclude older patients, and patients with more 
comorbidities.15 There is also an uncertainty around the duration of 
ADT use that would precipitate CVD, with some studies suggesting 
the risk only arises after long-term treatment,16,17 while others suggest 
4–6 months of ADT can increase the 5-year cumulative incidence 
of cardiovascular death by 5.5%.18,19

A Surveillance, Epidemiology, and End Results (SEER) analysis 
of 140 474 patients with nonmetastatic prostate cancer between 
1995 and 200920 showed that GnRH agonists were associated with 
an increased risk of coronary artery disease (hazard ratio [HR]: 1.11, 
95% confidence interval [CI]: 1.07–1.15), acute myocardial infarction 
(HR: 1.09, 95% CI: 1.04–1.15), and sudden cardiac death (HR: 1.18, 
95% CI: 1.12–1.24) (all P < 0.0001) as compared with ADT-naïve 
patients (Table 1). Another population-based study of 182 757 patients 
with loco-regional prostate cancer,21 showed that GnRH agonists were 
associated with increased risk of peripheral arterial disease (HR: 1.15, 
95% CI: 1.11–1.19) and venous thromboembolism (HR: 1.09, 95% CI: 
1.04–1.15), see Table 1. In this study, 47.8% of patients received GnRH 
agonists, while only 2.2% of patients received orchiectomy.

SEER Medicare data from 1992 to 2001 in a cohort of 73 196 men 
aged 66 years and older,22 suggested that ADT usage for ≥4 months was 
associated with a 16% risk for both coronary heart disease (adjusted HR: 
1.16, 95% CI: 1.10–1.21; P < 0.05) and sudden cardiac death (adjusted 
HR: 1.16, 95% CI: 1.05–1.27; P < 0.05). A further population-based 
study23 observed that GnRH agonists were associated with increased 
risk of coronary heart disease (Table 1). Also, combined androgen 
blockade with anti-androgens significantly increased the risk of 
incident coronary heart disease (HR: 1.27, 95% CI: 1.0–1.53). However, 
anti-androgen therapy alone did not show significant differences for any 
of the outcomes. While these studies collectively suggested increased 
cardiovascular risk with GnRH agonists, they included insufficient men 
treated with GnRH antagonists for conclusions to be drawn regarding 
the safety of GnRH antagonists.

In a meta-analysis comprising six randomized controlled 
trials (n = 2328),16 a significantly lower risk of cardiovascular events 
or mortality with GnRH antagonists compared with GnRH agonists, 
was observed (HR: 0.60, 95% CI: 0.41–0.87; P = 0.008). Furthermore, 

in patients with pre-existing cardiovascular disorders (n = 708), the 
risk of cardiac events was lowered by 56% in patients treated with 
GnRH antagonists compared to agonists, within 1 year of initiating the 
therapy (HR: 0.44, 95% CI: 0.26–0.74; P = 0.002). Moreover, a 12-month 
randomized controlled trial24 showed that GnRH antagonist treatment 
halved the risk of cardiovascular events compared with GnRH agonists 
in patients with pre-existing cardiovascular disorders (n = 143).

Although the original scope of this review excluded Phase II 
studies, a recent small prospective comparative study of men with 
prostate cancer and pre-existing CVD found that 20% experienced a 
major CV and cerebrovascular event with GnRH agonists compared 
with 3% with GnRH antagonists (P = 0.013). The absolute risk 
reduction at 12 months of using GnRH antagonists was 18.1% (95% CI: 
4.6%–31.2%; P = 0.032).25

Given no study has compared GnRH agonists versus antagonists 
with a primary outcome of CV health, further comparator studies are 
required to confirm whether the risk of cardiovascular events is indeed 
lower with GnRH antagonists over GnRH agonists, but some authors 
already recommend GnRH antagonists rather than GnRH agonists for 
ADT in patients with pre-existing CVDs.26,27

The increased cardiovascular risk observed with testosterone 
suppression could be attributed to the resultant metabolic effects, 
such as changes in body composition, obesity, insulin resistance, 
hyperglycemia, dyslipidemia, and hypertension along with endothelial 
dysfunction and arterial wall thickening.28–30 In addition, GnRH 
agonists stimulate the GnRH receptors on T-lymphocytes leading 
to plaque instability, and possible atherosclerotic events,30,31 further 
increasing CVD risk.

If confirmed in prospective studies, the increased propensity of 
GnRH agonists to cause CVD over GnRH antagonists could potentially 
be explained by their differential effect on FSH (Figure 1).32 GnRH 
antagonists rapidly reduce FSH levels (<90%), whereas GnRH agonists 
cause an initial increase followed by gradual decrease (≤50%).30,33 Since 
FSH is involved in augmenting fat and lipid storage, this may cause 
disruption of vascular integrity, unstable plaques, and other metabolic 
changes leading to CVD.2,32,34 FSH receptors have been found on the 
endothelial surface and FSH may therefore impact on endothelial cell 
function.16,35 However, the Phase II study referred to above did not find 
a difference in endothelial function between men treated with a GnRH 
agonist or antagonist (the primary endpoint of the study).25 Also, if 
FSH was the main driver of such differences, orchiectomy, which leads 
to increased FSH, should have the highest rates of CVD disease, yet 
meta-analyses suggest similar cardiovascular risks with orchiectomy 
as those with GnRH agonists.36,37 As such, the clinical importance of 
FSH differences is unclear at best.

IMPACT OF ADT ON GLUCOSE METABOLISM
Data indicate that low levels of testosterone and steroid hormone-
binding globulin could lead to insulin resistance or altered insulin 
sensitivity,38,39 central obesity and rise in intra-abdominal fat mass,40,41 
all under the umbrella of metabolic syndrome.42 A significant increase 
from baseline in serum insulin levels (26%–63%) following 3 months of 
ADT has been observed,43 though the fasting glucose levels remained 
unchanged. The resulting insulin resistance may also stimulate the 
production of inflammatory adipocytokines as these are associated 
with both increased adiposity and insulin resistance.44 These findings 
were confirmed in long-term studies; there was also an increased 
prevalence of fasting hyperglycemia,45 with about 44% patients reaching 
fasting plasma glucose levels of >126 mg dl−1.22 A retrospective analysis 
showed that patients on ADT were 36% more likely to develop diabetes 
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versus those not on ADT, particularly during the 1st year of ADT.46 
Hyperinsulinemia is also shown to be independently associated with 
cardiovascular mortality.47

In a meta-analysis of eight studies including 157 588 patients,48 
ADT was associated with an increased risk of developing diabetes. 
Of the 65 695 patients receiving GnRH agonists, 7136 developed 
diabetes compared with only 6987 of 91 893 non-ADT users (risk 
ratio: 1.39, 95% CI: 1.27–1.53; P < 0.001). Deterioration in glycemic 
control with ADT has also been reported in patients with pre-existing 
diabetes.43 The effects of GnRH antagonists on insulin sensitivity 
have not been studied, but there is every reason to believe the effects 
would be similar.

ADT AND OTHER METABOLIC CHANGES
D y sl ipi d e m i a ,  p ar t i c u l ar ly  hy p e rchol e s te ro l e m i a  and 
hypertriglyceridemia, also occurs with ADT. A prospective 12-month 
study of 40 patients with prostate cancer receiving ADT49 showed 
increased serum total cholesterol, low-density lipoprotein cholesterol, 
and triglycerides. Interestingly, high-density lipoprotein levels were also 
increased,49,50 which is in contrast with typical metabolic syndrome 
criteria. Most of these effects appear within the first 3 months of 
treatment.43

Both short- and long-term studies of ADT have shown changes in 
body composition, especially reduction in skeletal muscle mass, and 
increase in body fat, within 3–6 months of starting ADT.49,51–55 These 

Table  1: Cardiovascular events with the use of androgen deprivation therapy

GnRH antagonist 
(degarelix/abarelix)

GnRH agonists 
(goserelin/leuprolide)

Orchiectomy Combined androgen 
blockade

ADT naïve/no ADT

Keating et al.22 2006

Coronary heart disease NA 1.16 (1.10–1.21)a 0.99 (0.91–1.07) NA NA

Myocardial infarction NA 1.11 (1.01–1.21)a 0.94 (0.82–1.09) NA NA

Sudden cardiac death NA 1.16 (1.05–1.27)a 1.01 (0.87–1.18) NA NA

Diabetes NA 1.44 (1.34–1.55)a 1.34 (1.20–1.50)a NA NA

Keating et al.23 2010

Coronary heart disease NA 144 (135.7–152.2)b 210.5 (150.9–270.0)b 157.7 (129.4–186.0)b NA

Myocardial infarction NA 12.8 (11.1–14.4)b 24.3 (12.4–36.3) 10.2 (5.2–15.2) NA

Sudden cardiac death NA 21.6 (19.4–23.7)b 23.3 (11.5–35.1) 20.1 (13.0–27.2) NA

Stroke NA 18.5 (16.5–20.5)b 26.2 (13.8–38.7) 14.8 (8.8–20.9) NA

Diabetes NA 159.4 (150.6–168.3)b 190.4 (137.6–243.2)b 144.6 (117.2–172.0)b

Smith et al.78 2010

Supraventricular arrhythmia (%) 2 4 NA NA NA

Ischemic heart disease (%) 4 10 NA NA NA

Cardiac failure (%) <1 2 NA NA NA

Peripheral vascular atherosclerosis (%) 1 ≤1 NA NA NA

Stroke (%) 2 ≤1 NA NA NA

Serious arrhythmia (%) 2 5 NA NA NA

Discontinuation due to cardiac disorders (%) 1 2 NA NA NA

Death due to cardiac arrest (n) 2 NA NA NA NA

Death due to myocardial infarction (n) 1 2 NA NA NA

Death due to cardiac failure (n) 1 1 NA NA NA

Death due to cardiac disorder (n) NA 1 NA NA NA

Hu et al.21 2012

Peripheral arterial diseasec NA 30.5 (29.6–31.4)d 27.1 (24.4–29.7)d NA 21.0 (20.7–21.3)

Venous thromboembolismc NA 13.4 (12.8–14.0)d 14.0 (12.2–15.9)d NA 10.4 (10.2–10.6)

Gandaglia et al.20 2014

Coronary artery disease (%) NA 26.9 (26.1–27.7)e 23.2 (20.2–26.2) NA 25.1 (24.4–25.8)

Acute myocardial infarction (%) NA 16.6 (15.9–17.3)e 14.8 (12.2–17.4) NA 14.8 (14.2–15.4)

Sudden cardiac death (%) NA 17.7 (17.1–18.4)e 16.4 (13.7–19.2) NA 14.2 (13.7–14.8)

Albertsen et al.16 2014 – overall number of 
cardiovascular events and related deaths

CV event 42 37 NA NA NA

CV related deaths 20 22 NA NA NA

Hazard ratio 0.60 (95% CI: 0.41–0.87) NA NA NA

Albertsen et al.16 2014 – number of events 
in patients with pre‑existing cardiovascular 
disease at baseline

CV event 21 23 NA NA NA

CV related deaths 9 13 NA NA NA

Hazard ratio 0.44 (95% CI: 0.26–0.74) NA NA NA
aP<0.05 w.r.t. no treatment; values presented as hazard ratio  (95% CI), bP<0.001; values presented as rate  (95% CI); P  values reflect if rate of each outcome with any of the 
treatments differed from that with no androgen deprivation therapy; events per 1000 person‑years, cEvents per 1000 person‑years, dP<0.001; values presented as rate  (95% CI); 
P  values based whether the rate for men during GnRH agonist treatment differed from the rate under no treatment and whether the rate for men treated with orchiectomy differed 
from the rate under no treatment, eP<0.001 w.r.t. no treatment; events per 1000 person‑years; values presented as rate  (95% CI). ADT: androgen deprivation therapy; CI: confidence 
interval; CV: cardiovascular; GnRH: gonadotropin‑releasing hormone; NA: data not available from cited publication; w.r.t.: with reference to
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lead to obesity56 and are potential precursors of metabolic syndrome. 
The data show that metabolic syndrome is more common in men 
undergoing long-term ADT (>50%) than in patients receiving non-
ADT treatment (22%) and eugonadal counterparts (20%).57 Again, 
given these metabolic syndrome-like effects of ADT are thought to be 
due to low testosterone, there is every reason to believe identical effects 
would be seen with GnRH antagonists.

IMPACT OF ADT ON BONE HEALTH
ADT accelerates the rate of bone loss in men by 5- to 10-fold the 
normal rate,58 which may increase the rate of fractures (Figure 1).59 
The relative fracture risk in 50 613 elderly patients (≥66 years) was 
1.45 (95% CI: 1.36–1.56) in patients receiving nine or more doses of 
GnRH agonist in the first 12 months after diagnosis.59 In a 10-year 
study of 80 844 elderly patients (>65 years) treated with GnRH 
agonists,60 18.4% experienced at least one fracture and 4.1% had 
a fracture requiring hospitalization. Importantly, a positive dose-
response relationship was observed between fracture incidence and 
cumulative dose of GnRH agonists.

Testosterone suppression results in a concomitant drop in estrogen, 
which reduces bone density.61 The rate of bone loss, especially in 
the spine and hip, is greatest in the 1st year of treatment,58 but could 
continue even when ADT is discontinued. However, a study of 236 men 
scheduled for ADT found pre-existing osteoporosis in 11%, while 40% 
had osteopenia.62

The GnRH antagonist degarelix was directly compared with the 
GnRH agonist leuprolide in a randomized study. Reductions in serum 
alkaline phosphatase (S-ALP) were significantly greater with degarelix 
(P < 0.05).63 The effect of this on bone density, bone strength, or fracture 
risk remains to be determined.

FSH, including that of prostate cancer cell origin, also adversely 
impacts differentiation of monocyte osteoclast precursors into 
osteoclasts64 and seems to be a pro-inflammatory hormone inducing 
monocytes to release interleukin (IL)-1β and IL-6 which increase 
osteoclast development and bone resorption.65 Due to their complete 
suppression of FSH, there is a theoretical advantage that GnRH 
antagonists may cause less osteoporosis, though there are no data to 
support this. As such, prospective studies comparing fracture risk 
and bone loss between GnRH agonists and antagonists are required 
to test this.

OTHER FREQUENT ADT-RELATED ADVERSE EVENTS 
Injection-site reactions
Injection site reactions have been reported as one of the major 
adverse events with GnRH antagonists (Table 2).66–69 In a 
randomized clinical trial, a significantly higher rate of injection-
site reactions was reported with subcutaneous degarelix (40%, 
P < 0.001) compared to intramuscular leuprolide injection (<1%).33 
The difference in incidence of injection-site reactions might be 
attributed to the differing modes of administration and injection 
volumes.

Cognitive impairment/dementia
Although not extensively studied, ADT appears to be associated 
with depression, cognitive impairment, and mood disorders. In a 
retrospective study, it was observed that the incidence of depressive, 
cognitive (Alzheimer’s disease/dementia) and constitutional 
disorders increased with the use of ADT.59 A meta-analysis including 
90 543 patients, 38 307 of whom were exposed to ADT,70 showed a 
statistically significant association between ADT use and Alzheimer’s 

Figure 1: Mechanism of action for cardiovascular disease and fractures. FSH: follicle-stimulating hormone; GnRH: gonadotropin-releasing hormone; 
IL: interleukin; RANK: receptor activator of nuclear factor kappa-B; RANKL: receptor activator of nuclear factor kappa-B ligand; TNF: tumor necrosis factor.
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disease risk (HR: 1.88, 95% CI: 1.10–3.20; P = 0.021). Decline in 
cognitive functions, visual-spatial abilities, and executive functioning 
and worsened mood as measured from Profile of Mood States have 
also been reported.71 A possible mechanism of action could be the 
suppressed testosterone levels following ADT since testosterone is 
implicated in cognitive function, in which case the effects would be 
predicted to be equal for GnRH agonists and antagonists.

Does selection of patient populations impact the safety risk?
Managing ADT-related increased risk of cardiovascular, metabolic 
disorders and bone thinning metabolism is compounded by the fact 
that most patients with prostate cancer are aged over 50 years and 
affected by age-related changes in metabolic activities, glycemic control, 
bone density, and cardiovascular status.

Particularly for CVD, most of the studies evaluated the impact of ADT 
on death, rather than specific cardiovascular outcomes. In order to observe 
the true effect, patients with pre-existing CVD, those with comorbidities, 
and older patients should be evaluated. However, most of the prospective 
clinical trials excluded these patients.15 This is pertinent as there is a 
possibility that ADT is associated with cardiovascular mortality only in 
patients with a history of CVD.16,72,73 A recent meta-analysis showed that 
use of ADT was associated with a 38% greater risk of any type of nonfatal 
CVD compared with no ADT. Use of ADT seemed to increase the risk of 
nonfatal or fatal MI or stroke by 57% and 51%, respectively.42

RECOMMENDATIONS
Keeping these factors in mind, it is of utmost importance that the 
potential benefit and risks associated with ADT be evaluated and 
weighed judiciously, especially when the survival benefits are doubtful, 
such as in men with biochemical recurrence without metastases. 
Furthermore, considering that cancer itself has a deteriorating impact 
on the quality of life (QoL), it is worthwhile to minimize and adequately 
manage the treatment side effects.

In order to delay disease progression and alleviate the side effects 
attributed to ADT, some treating physicians are now offering IADT, 
which seems to be an alternative regimen without compromising the 
clinical outcomes, particularly in patients with nonmetastatic cancer 
and poorly differentiated cancer.74,75 However, there are studies that 
indicate there are few differences between IADT and CADT when it 
comes to overall safety and cardiovascular events.5,76

SUMMARY
This review highlights the major adverse events that are known to 
occur with ADT using GnRH agonists and antagonists. Arguably, 
CVDs are one of the most serious complications that have been linked 
with the use of ADT. These complications could add to the existing 
morbidity and mortality of prostate cancer, especially in patients with 
pre-existing disorders.77 Such concerns were severe enough for the 
FDA to add a warning against the use of GnRH agonists in patients 
with pre-existing cardiovascular disease.12 Similarly, it is important to 
manage other adverse events associated with ADT, such as bone and 
metabolic disorders, and cognitive impairment.

Currently, guidelines suggest GnRH agonists as the first-line 
therapy in patients with prostate cancer. The apparently preferable 
CVD safety profile of GnRH antagonists over GnRH agonists, which 
has yet to be prospectively validated in a study focused on CVD 
outcomes, suggests that GnRH antagonists offer an alternative first-
line hormonal ADT treatment. These potential benefits may be offset 
by the inconvenience of monthly dosing with GnRH antagonists and 
increased injection site reactions.

A major limitation of this review was the unavailability of large 
randomized clinical trials comparing the safety profile of GnRH 
agonists and antagonists. Data discussed in the present review was 
mainly taken from retrospective or population-based studies and a 
few randomized trials that included major events like cardiovascular 
disease and fractures. Furthermore, only one of these studies provided 
a direct comparison of safety profiles.

It is hoped that the ongoing prospective randomized trial 
PRONOUNCE (NCT02663908) in a prostate cancer population with 
pre-existing CVD will increase the evidence base regarding whether 
or not GnRH antagonists reduce cardiovascular events in this cohort 
of patients relative to GnRH agonists.
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