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Introduction

Prostate cancer is a significant public health burden and 
one of the most common cancers amongst men both in 
the United States and globally (1,2). It is estimated that 
in the year 2020 there will be approximately 193,000 new 
cases and 33,000 deaths attributed to prostate cancer in 
the United States (2). The current cornerstone of prostate 
cancer systemic treatment involves the suppression of 

androgen receptor (AR) signaling, either by reducing the 
body’s testosterone production (central androgen blockade) 
or inhibiting its binding to AR and its downstream signaling 
in prostate cancer cells (peripheral blockade) as depicted in 
Figure 1. The central role of AR signaling driving prostate 
cancer was first reported nearly 80 years ago in 1941 by 
Drs. Charles Huggins and Clarence Hodges (3). These two 
investigators showed that androgens promoted prostate 
cancer growth and by inhibiting the amount of circulating 
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androgens through the use of bilateral orchiectomy or 
exogenous estrogens one could palliate the symptoms of 
bone metastases in patients with advanced disease (3,4). 
The Nobel prize was later awarded to Dr. Charles Huggins 
for this seminal discovery that would later lead to the 
development of today’s modern androgen deprivation 
therapy (ADT) regimens used in the treatment of prostate 
cancer. We present the following article in accordance with 
the NARRATIVE REVIEW reporting checklist (available 
at http://dx.doi.org/10.21037/tau-20-1053).

Manipulation of central AR signaling by targeting 
the pituitary-gonadal axis

The initial approach to ADT was eliminating testicular 
production of androgens by performing a bilateral 
orchiectomy. Although this approach is highly effective, and 
is still utilized in low resource settings, the use of medical 
castration by central androgen blockade using gonadotropin 
releasing hormone (GnRH) agonists and antagonists 

reduces some psychological barriers such as body image 
change, and provides the potential for reversibility (5). A 
summary of central acting ADT agents is provided in Table 1.  
A meta-analysis of 10 independent studies involving 
1908 patients done by Seidenfeld et al. found that the 
overall survival in prostate cancer patients who received 
medical castration (i.e., GnRH agonist or antagonist) or 
surgical orchiectomy was not significantly different (6). 
Furthermore, a recent randomized prospective study (n=58) 
done by Østergren et al. where patients were randomized to 
surgical orchiectomy or medical castration through the use 
of triptorelin (GnRH agonist) found that medical castration 
was able to achieve superior testosterone reduction (7). 
Overall, these results suggested that medical castration is an 
effective alternative to surgical orchiectomy and has become 
the de-facto standard, whereas surgical castration remains a 
valid alternative option. 

Testosterone suppression induced by GnRH agents or 
orchiectomy may not be complete due to the potential 
for ongoing testosterone production from sources outside 
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Figure 1 Androgen blockade in prostate cancer treatment. Central androgen blockade is accomplished through the use of GnRH targeting 
agents or surgical orchiectomy. Peripheral androgen blockade is done through the use of antiandrogen agents such as abiraterone acetate, 
enzalutamide, apalutamide, or darolutamide. AP, androgen precursor, T, testosterone, AR, androgen receptor, ARE, androgen response 
element, DHT, dihydrotestosterone. 
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of the testicles, most importantly the adrenal glands. 
Furthermore, the clinical significance of inadequate 
testosterone suppression and of testosterone kinetics such 
as the “flare” effect of GnRH agonists has become clearer, 
leading to increased emphasis on testosterone monitoring 
during castration therapy (8). A randomized phase 3 clinical 
trial comparing degarelix (the first GnRH antagonist) 
to leuprolide (GnRH agonist) found that degarelix was  
non-inferior in suppressing testosterone to ≤0.5 ng/mL at 
all monthly measurements in 97.2% and 96.4% of patients 
respectively (9). Furthermore, it was found that testosterone 
levels reached desired range in 96.1% of degarelix patients 
by 3 days and none in the leuprolide group (9). PSA declines 
at 14 days were achieved by 64% of degarelix patients 
compared to 18% of leuprolide patients, and at 28 days  
there was still a difference (85% for degarelix, 68% for 
leuprolide). Interestingly, though many feel the initial 
loading dose to immediately drop testosterone is the most 
important advantage of GnRH antagonism, in the cross-over  
experience, men on leuprolide who crossed over to 
degarelix when study results were reported had a significant 
improvement in PSA progression free survival than those 
who stayed on leuprolide, suggesting that optimal ongoing 
suppression is relevant (9,10). 

GnRH agonists such as leuprolide and goserelin remain 
widely used due to several advantages, including depot 
dosing and lack of injection site reaction. Injection site 
reactions occur in 40% of patients receiving degarelix, and 
manifests as redness, tenderness, and occasionally with fever 
and chills (9). Degarelix’s high rate of injection site reactions 
and its monthly dosing have limited widespread adoption of 
this agent. However, there are reports identifying improved 
cardiac safety with degarelix. In a phase 3 clinical trial, 
degarelix was associated with similar rates of significant QT 
prolongation, but ischemic heart disease occurred at a much 
lower rate at 4% of men treated with degarelix compared  

to 10% of men treated with leuprolide (11). Mechanistically, 
it has been difficult to explain why there would be a 
difference in cardiovascular toxicity since low testosterone 
levels are felt to be a major contributor to the cardiovascular 
morbidity associated with androgen deprivation. Some 
preclinical work suggests FSH levels play a role, and 
have found that destabilization of existing atherosclerotic 
plaques is greater with leuprolide than with degarelix (12). 
Additionally, differences in the constellation of metabolic 
changes induced by degarelix were noted in mouse models, 
with more visceral fat deposition and weight gain seen after 
orchiectomy or leuprolide compared to degarelix (13).  
The ongoing PRONOUNCE study will provide direct 
prospective evidence in a randomized comparison of 
leuprolide and degarelix with measurement of hsCRP and 
other cardiovascular risk biomarkers at baseline and during 
the trial to better understand the associated cardiovascular 
risks in men receiving either of these treatment with  
pre-existing atherosclerotic cardiovascular disease (14). 

Just recently FDA approved, the first orally administered 
GnRH antagonist, relugolix, reported superior testosterone 
suppression compared to leuprolide in the phase 3 HERO 
trial (15). There was also more rapid testosterone recovery 
after discontinuation relugolix. In this study major adverse 
cardiac events (defined as myocardial infarction, central 
nervous system hemorrhages, deaths due to all causes, 
and ischemic heart disease) were reported to be lower 
in the relugolix group. This study also added (protocol 
amendment 3) exploratory blood testing for biomarkers of 
cardiovascular disease or ischemia. The exploratory blood 
analysis of cardiovascular disease biomarkers has not yet 
been reported and will be of interest to see if it can provide 
further biological insight into understanding the differences 
of cardiovascular risk between these two agents. Pending 
additional information, such as any relevant drug-drug 
interactions, relugolix may become a preferred option for 

Table 1 Comparison of central androgen blockade agents

Name of agent Dosing duration Method of delivery Common adverse effects Pharmacologic category

Leuprolide acetate 
(Lupron®, Eligard®)

Monthly, 3 months,  
4 months, 6 months

Intramuscular (Lupron®) or 
subcutaneous (Eligard®)  
depot injection

Weight gain (7%), emotional lability (5%), 
injection site reaction (≤9%), syncope 
(<2%), hot flash (50%)

Gonadotropin-releasing 
hormone agonist

Degarelix  
(Firmagon®)

4 weeks Subcutaneous depot  
injection

Injection site reaction (35%), fever 
(1–10%), chills (5%)

Gonadotropin-releasing 
hormone antagonist

Relugolix Daily Oral Fatigue (21.5%), hot flash (54.3%),  
fatigue (21.5%), hypertension (7.9%)

Gonadotropin-releasing 
hormone antagonist
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patients with a history of, or at high risk for, major cardiac 
events and when rapid testosterone recovery after a course 
of therapy is desired. There is some concern about how 
the high compliance seen during the clinical trial may be 
difficult to replicate in routine clinical practice and could 
result in some variability in testosterone suppression in 
a real-world patient population. Another variable that 
remains unknown is how this agent will compare in terms 
of cost effectiveness to degarelix or leuprolide. If there is a 
higher financial burden on the patient or overall healthcare 
system this may impact widespread adoption and utilization 
of this agent. 

For now, differences in cardiovascular toxicity should 
not be the sole determinant of which medical castration 
agent is utilized, as the benefits in patients with advanced 
prostate cancer of these agents tend to outweigh the 
associated cardiovascular risk. Nevertheless, it is important 
for physicians to consider cardiovascular comorbidity and 
to discuss with patients what is known about cardiovascular 
risk and GnRH therapy. Overall, these agents have similar 
efficacy and toxicity profiles, with some differences as 
outlined above. Both GnRH agonists and antagonists 
represent effective treatments in the wide variety of disease 
states in which medical castration has been shown to be 
beneficial. As discussed above, current clinical practice in 
delivering central androgen blockade for prostate cancer 
requires the monitoring of serum testosterone levels 
during treatment to ensure that medical castration is being 
achieved and vigilantly evaluating the patient’s overall 
medical status to minimize drug toxicity or switch agents if 
needed. 

Manipulation of cellular AR signaling: the AR 
antagonists and CYP17 inhibitors

Prostate cancer cells eventually develop resistance to 
central androgen blockade via multiple mechanisms, two of 
which are alterations in the AR (mutations, amplification) 
and intracellular testosterone production via upregulation 
of CYP17. Increasing PSA despite castrate levels of 
testosterone defines the transition from castration sensitive 
prostate cancer (CSPC) to the castration resistant prostate 
cancer (CRPC) state, heralding the lethal phase of the 
disease. Even after the development of castration resistance, 
AR signaling remains central to cancer progression in 
this phase, as evidenced by the strong success of agents 
targeting these two resistance mechanisms: blocking 
production of testosterone by adrenals and cancer cells 

(i.e., abiraterone acetate), and the AR binding/translocation 
(i.e., apalutamide, darolutamide, and enzalutamide). The 
newer AR antagonists, and the CYP17 inhibitor abiraterone 
acetate, have all been developed and approved for use in 
conjunction with castration therapy. 

Given that abiraterone acetate could conceivably suppress 
all sources of testosterone production, both testicular 
and extragonadal, the question arises whether it could be 
used as monotherapy. During early phase clinical trials of 
abiraterone acetate, the levels of testosterone suppression 
were evaluated at escalating doses of abiraterone; at doses 
of 500 mg, testosterone levels decreased by 50% on the 
second day, but did not consistently reach target castrate 
levels, and recovery to normal levels was noted by 6–9 days 
due to increasing luteinizing hormone (LH) levels (16). 
At the 800 mg dose, target castrate levels of testosterone 
were maintained in 2 of 3 subjects, despite the increased 
LH (16). Acknowledging the limited data, it appears that 
monotherapy with abiraterone acetate does not achieve 
sustained or consistent testosterone suppression and 
cannot therefore be utilized in lieu of central androgen 
blockade. In addition, abiraterone acetate’s ability to block 
the testosterone flare with GnRH agonist therapy has not 
yet been studied. Overall there is insufficient evidence at 
present to suggest that abiraterone acetate monotherapy is 
sufficient to deliver fully effective androgen blockade, and 
thus it should be used in combination with central androgen 
blockade agents (i.e., GnRH agonists or antagonists).

Peripheral androgen blockade through the use 
of AR antagonists in prostate cancer

While AR antagonists were developed to be utilized in 
conjunction with castration, the question has arisen whether 
suppression of androgen signaling at the cellular level, 
while maintaining serum levels of testosterone, could be 
effective. Interest in a peripheral blockade, or AR antagonist 
monotherapy, approach has been fueled by patients’ desire 
to reduce hypogonadal side effects such as hot flashes, loss 
of muscle, decreased libido, and erectile dysfunction (17). 
Studies of AR antagonist efficacy as monotherapy have 
largely been performed as single-arm phase II studies in 
advanced prostate cancer, which limits clinical utility. An 
early peripheral blockade study (CALGB 9782), which 
administered flutamide plus dutasteride, was notable 
for a relatively high rate of toxicity—18% or subjects 
discontinued treatment due to diarrhea, gynecomastia, and 
transaminitis (18). 
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A meta-analysis done by Kunath et al. attempted to 
address the question of peripheral blockade by combining 
these smaller studies (n=11) involving 3,060 patients across a 
variety of prostate cancer stages treated with AR antagonist 
monotherapy published before the year 2013 (17).  
Although definite conclusions could not be drawn due to 
the heterogeneous quality of the included studies, including 
major variability in duration of follow-up, the meta-analysis 
suggested that peripheral androgen blockade was associated 
with less favorable prostate cancer control (17). Contrary 
to what was expected, side effects were not necessarily 
more favorable with peripheral blockade, and more 
antiandrogen monotherapy patients stopped treatments due 
to side effects, which included notably breast tenderness, 
gynecomastia, and generalized fatigue (17). Patient 
receiving central androgen blockade did report more hot 
flashes, nocturia, and decreased libido (17). Overall, the 
authors concluded that there was not a sufficient level of 
evidence to suggest that peripheral androgen blockade 
could achieve similar overall survival in advanced prostate 
cancer patients, and recommended against its use without 
more rigorous prospective clinical trial data (17). 

The meta-analysis by Kunath et al. predated the 
FDA approval of better tolerated and more effective 
second-generation AR antagonists such as apalutamide, 
enzalutamide, and darolutamide. As a result, the question 
has resurfaced as to whether these newer agents would be 
better tolerated and/or effective enough to be utilized as 
monotherapy in prostate cancer. Enzalutamide monotherapy 
was studied in 67 men with CSPC and 92.5% of patients 
had >80% PSA decline at the 25-week timepoint, indicating 
strong activity (19). Durability of response appeared to 
be good, with 62.7% of men remaining on therapy at  
the 3-year timepoint (20). The finding that 61.9% of men 
had PSA 0.1 ng/mL or less compares favorably with the 
CSPC intensification trials such as LATITUDE with 
abiraterone added to up-front castration therapy (19,21). 
However, the enzalutamide monotherapy study is difficult to 
contextualize, since it included patients with non-metastatic 
prostate cancer and had a limited number of subjects  
(n=67) (19). Although these results were encouraging, they 
will need to be validated in a larger prospective clinical trial. 
Like the enzalutamide monotherapy study discussed above, 
there are similar ongoing and completed phase II studies 
with apalutamide and darolutamide which have yet to report 
their results. 

The LACOG-0415 trial (NCT02867020) reported 
at the 2020 ASCO Annual Meeting was a prospective 

randomized phase 2  c l inica l  tr ia l  that  compared 
combination ADT and abiraterone acetate vs. apalutamide 
monotherapy vs. apalutamide with abiraterone acetate. 
This trial yielded important direct comparative evidence of 
how peripheral androgen blockade performed relative to 
castration with a primary endpoint of PSA nadir at week 25. 
ADT and abiraterone acetate as well as apalutamide plus 
abiraterone acetate both performed better than apalutamide 
monotherapy (20). In both combination arms testosterone 
was suppressed while serum testosterone levels increased 
with apalutamide monotherapy. Despite this increase in 
serum testosterone levels, quality of life was not improved 
on the apalutamide monotherapy arm. In fact, it was 
noted that more men on the apalutamide monotherapy 
arm complained of gynecomastia while the other arms 
had greater likelihood of hot flashes. For now, the use 
of AR antagonists as monotherapy has not shown a clear 
advantage either in efficacy or toxicity, and thus remains 
investigational and best undertaken as part of a clinical trial. 

Androgen targeted agents with salvage radiation 
for biochemically recurrent prostate cancer

When PSA rises after radical prostatectomy salvage radiation 
is applied with curative intent. Recently large randomized 
trials indicate an advantage to the addition of ADT during 
salvage radiation (22,23). In the RTOG 9601 trial, high 
dose bicalutamide (150 mg) administered for 2 years  
increased overall survival from 71.3% to 76.3% at 12 years  
with a hazard ratio of 0.77 (22). The GETUG-AFU 16 
study utilized GnRH therapy for 6 months and found 
an improvement in its primary end point of 120-month 
progression-free survival from 49% to 64% with hazard 
ratio 0.54 [HT 0.54 (0.43–0.68), stratified log-rank test 
P<0.0001] (23). Metastasis-free at 120-months was also 
found to be improved from 69% to 75% in patients who 
received radiotherapy alone versus radiotherapy plus 
ADT with HR of 0.73 (0.54–0.98; stratified log-rank test 
P=0.0339) (23). Overall survival which was a secondary 
end point was not found to be significantly improved (23). 
Based on the results of the GETUG-AFU 16 and also 
the SPPORT trial, which has been presented in abstract 
form only, the addition of ADT through GnRH therapy 
to salvage radiotherapy remains highly utilized given these 
positive findings of PFS and MFS as surrogate endpoints 
for OS (23,24). 

There  a re  ongo ing  inves t iga t ions  in to  i f  the  
second-generation antiandrogens, apalutamide and 
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enzalutamide, could be utilized in conjunction with 
radiotherapy for biochemical recurrence due to more 
potent inhibition of AR signaling and evidence from  
in vitro studies of radiosensitization properties (25). 
However, in addition to efficacy, toxicity must be 
considered and it should not be assumed that these agents 
will spare patients from some traditional ADT toxicities. 
For example, enzalutamide in the monotherapy study was 
found to lead to modest declines in global health status 
and sexual activity at 3 years using the EORTC QLQ-C30 
quality of life tool (26). Bone density was relatively less 
impacted; decreases of 0.1% to 2.7% were noted, which 
compares favorably with literature-reported decreases  
of 1.4–7.6% for central androgen blockade using medical 
castration (27,28). The SALV-ENZA trial is a phase II 
randomized placebo-controlled trial comparing salvage 
radiation with enzalutamide or placebo for 6 months in men 
with biochemical recurrence of prostate cancer after radical 
prostatectomy (NCT02203695) with the primary endpoint 
of biochemical recurrence free survival. Another study, 
the SAVE trial (NCT03899077), will randomize 202 men  
with biochemical recurrence to salvage radiation with 
apalutamide or with a GnRH agonist/antagonist with the 
primary endpoint of changes in sexual function. These, and 
other, large prospective randomized studies will be crucial 
in establishing the relative risks and benefits to a castration 
versus peripheral blockade approach during salvage 
radiation. 

Duration of ADT during intermittent therapy for 
biochemically recurrent prostate cancer

In the setting where salvage local therapy has failed or is 
not an option, intermittent androgen deprivation therapy is 
the standard of care. This is typically GnRH based therapy, 
with variable duration. Since the JPR7 study found no 
advantage for continuous ADT (29) while quality of life 
was better for men treated intermittently, most patients 
and physicians favor intermittent therapy in this setting. 
The fact that overall survival was the same, with more 
prostate cancer deaths on the intermittent arm and more 
cardiovascular deaths on the continuous arm, suggests 
that longer duration of ADT increases cardiovascular risk. 
However, changes in cardiac risk factors, such as HbA1c 
and low-density lipoprotein levels, have been shown to be 
impacted as early as 12 and 24 weeks respectively (30,31). 
The literature on cardiovascular risk and ADT has yielded 
inconsistent assessments, and thus minimizing duration of 

ADT can only be hypothesized to improve cardiovascular 
risk, with more prospective data needed to better clarify this 
association.

The ongoing intensification study AFT-19 selected a 
control arm of 1 year with GnRH agonist or antagonist, 
to which the experimental arms add apalutamide or 
apalutamide and abiraterone (NCT03009981). However, 
whether there is a need to treat for a full year is called into 
question by the findings of a study of duration of treatment 
during intermittent degarelix for biochemically recurrent 
prostate cancer (32). In this phase II study 4 months 
of degarelix was compared to 10 months of degarelix 
monotherapy (32). It was found that there was no difference 
in time off treatment before reaching the re-treatment PSA 
level between these two groups (32). While this was a small 
study (n=90) and the re-treatment trigger was different 
than in JPR7 (PSA ≥5 ng/mL) it does highlight the lack of 
data, and potentially the inadequacy of a “one size fits all” 
approach with timed intervention and fixed PSA triggers. 
Treating to undetectable nadir, when possible, represents 
one way to tailor the approach to the individual patient. 
Furthermore, in practice the PSA level at which treatment 
cycles are triggered can be based on not only absolute 
PSA value, but pre-prostatectomy PSA, rate of PSA rise, 
and PET imaging-this type of individualization has been 
difficult to create in the clinical trial setting and could 
impact outcomes. 

Taking into account side effects in the era of 
having choices: non-metastatic CRPC

Three large randomized phase 3 clinical trials with 
very s imilar  designs (PROSPER = enzalutamide,  
SPARTAN = apalutamide, ARAMIS = darolutamide) 
have each shown that the adding a second-generation 
AR antagonist to castration in non-metastatic CRPC 
can significantly improve the metastasis-free survival 
endpoint and delay the development of symptomatic visible 
metastatic lesions (33). However, as these were all separate 
independent trial there is no way to distinguish the efficacy 
or discriminate a difference in target population, and side 
effects may become the determining factor in selecting an 
agent for these patients. 

Darolutamide was designed with a unique chemical 
structure compared to apalutamide and enzalutamide, to 
avoid activating mutant AR, but which also prevents the 
drug from crossing the blood-brain barrier (34). This 
could impact cognitive toxicities and seizure risk, which are 
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toxicities seen with apalutamide and enzalutamide. Because 
there are no directly comparative trials, a definitive answer 
to this question is not yet available, but the adverse event 
profile of darolutamide was closer to placebo in its trial 
than the other agents were to placebo in their respective 
trials (33). Prospective studies are ongoing to clarify the 
clinical significance with longitudinal detailed cognitive 
assessments. 

Conclusions

Despite its long history androgen suppression via both 
central and peripheral blockade remains a core principle 
in the treatment of advanced prostate cancer. Thanks to 
the development of many new effective therapeutic agents 
the overall survival for these patients is now measured in 
the multitude of years. Therefore, it has become more 
imperative than ever before that we refine our treatments 
to not only maximize overall survival but also optimize the 
quality of life while minimizing toxicity in these patients. 
By understanding the efficacy and toxicity profile of each of 
these agents and monotherapy versus combination therapy 
approaches, the treating clinician can choose the optimal 
strategy for each patient’s overall medical profile. 
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