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ABSTRACT

Prostate cancer (PCa) treatment has seen several important
developments over the last few decades in the form of improved
surgical methods and advanced radiotherapy techniques but
androgen deprivation therapy (ADT) still remains the cornerstone
of medical management of this common male malignancy. The
discovery of androgen-dependent nature of PCa about
three-quarters of a century ago was a turning point that has since
led to the development of various pharmacological agents which
rely on the basic principle of hormonal manipulation in the form of
ADT to alter disease progression. Initially employed for metastatic
disease only, ADT for PCa in the current clinical practice finds use
multiple stages of the disease. The present review summarises the
chronological evolution of agents used for hormonal manipulation
in the management of PCa, highlighting the pros and cons of each
and sheds light on the potential future advances in this area.

0 Introduction

Prostate cancer (PCa) is one of the commonest male
malignancies and is a leading cause of cancer-related
morbidity and mortality worldwide[1]. In the United
States alone, there were more than 180,000 new cases
of PCa diagnosed in the year 2016 and more than
26,000 men died from it[2]. Charles Huggins in 1941
revealed the androgen-dependent nature of PCa by
demonstrating that reduction in serum testosterone
levels of patients with metastatic PCa brought about by
castration with surgical orchiectomy or administration
of diethylstilbestrol (DES), a synthetic oral form of
estrogen, induced retardation of tumour growth and
improvement of symptoms. Huggin’s landmark

discovery signalled the commencement of an era of
development of therapies aimed at depleting androgens
for the treatment of advanced disease. This hormonal
manipulation by various modalities utilized as
androgen deprivation therapy (ADT) has served as a
crucial weapon in the battle against PC[3-5].

1 Androgen-dependence of prostate cancer

It is now well known that PCa cells, normal or
malignant, have an obligatory requirement of
androgens for their growth and proliferation via
activation of androgen receptors (AR) and withdrawal
of androgens by ADT leads to PCa regression[6-7].
To-date, ADT remains the mainstay for treating
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advanced PCa and it has undergone substantial
evolution over the last five decades[8]. Table 1 lists the

different types of agents that have been used as ADT
for PCa with their mechanisms of action.

ADT Modality Mechanism of Action

Surgical orchiectomy Removal of testes which are the chief producer of

testosterone, contributing ~95% to the circulating

testosterone pool

Diethylstilbestrol (DES) Oral estrogen which diminishes testicular production of

androgens via negative feedback inhibition of the

hypothalamic-pituitary-gonadal axis

LHRH agonists

(leuprolide, goserlin,

triptorelin)

Down-regulation of pituitary LHRH receptors, decrease

LH release which subsequently suppresses testosterone

production

LHRH antagonists

(degarelix)

Inhibition of pituitary LHRH receptors directly

Non-steroidal

anti-androgens

(bicalutamide, flutamide,

nilutamide)

Competitive inhibition of AR activation by direct binding

to AR ligand-binding sites

Steroidal anti-androgens

(cyproterone acetate)

Blockade of enzyme CYP17 in adrenal steroid

biosynthetic pathway, reduction in adrenal androgen

production

Table 1. ADT modalities and their mechanisms of action

2 Surgical orchiectomy

Surgical orchiectomy (bilateral removal of testes) was
one of the first methods used as ADT[3], resulting in a
rapid decline in serum testosterone to castrate levels (<
50 ng/dL or 1.7 nmol/L) as the testes are the principal
source of circulating androgens (producing nearly 95%
of total)[9-10]. Despite being a cost-effective means,
surgical orchiectomy is rarely performed these days

particularly in the western world owing to the
psychological trauma associated with it[11-12].

3 Diethylstilbestrol

Diethylstilbestrol (DES), a synthetic oral oestrogen,
was the first pharmacological agent used for treating
metastatic PCa. Estrogenic hormones, by sharing the
same steroid nucleus in their chemical structure as
testosterone, suppress testicular production of
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androgens via a negative feedback loop inhibiting the
hypothalamic-pituitary-gonadal (HPG) axis[13]. Despite
its efficacy, DES was withdrawn from routine clinical
use following results from the ‘Veterans
Administration Cooperative Urological Research
Group’ (VACURG) studies which showed high dose
DES (5mg) to cause cardiovascular toxicity in a third
of treated patients with 15% experiencing a serious
thromboembolic event[8][14]. However, subsequent trials
showed cardiovascular mortality to be lower with low
dose DES (1mg) as compared to high dose DES
without any change in the beneficial oncological
effects[15].

4 Luteinising hormone releasing hormone
agonists

Luteinizing hormone releasing hormone agonists
(LHRHa) are the most widely used pharmacological
agents used as ADT for PCa. The molecular structure
of the hypothalamic hormone luteinizing hormone
releasing hormone (LHRH), also called gonadotropin
releasing hormone (GnRH), was characterised by
Schally in 1971 that then developed synthetic
decapeptides that acted as agonists of LHRH. Unlike
the pulsatile hypothalamic release, short half-life and
moderate receptor binding affinity of LHRH, chronic
administration of synthetic LHRHa resulted in a
continuous and prolonged action causing
down-regulation of pituitary receptors. The net effect
of pituitary receptor down-regulation is suppression of
FSH and LH secretion from the anterior pituitary
causing cessation of androgen production in the
testicular Leydig cells and subsequent reduction of
circulating testosterone[16]. Castrate levels of
testosterone are achieved within a month of starting
LHRHa therapy[9][17]. LHRHa were shown to have a
similar survival outcome to surgical orchiectomy or
DES[17]. Due to their better psychological tolerability
than surgical orchiectomy and improved
cardiovascular safety profile than high dose DES,
LHRHa gained worldwide acceptance in the 1980s and

have since remained the treatment of choice for
androgen sensitive advanced PCa[8]. LHRHa are
typically offered for long term therapy following a
diagnosis of advanced (incurable) disease either at
presentation and following failure of radical therapy
with curative intent[18]. LHRHa are now also given for
short term as adjuvant or neo-adjuvant to RT for
localized disease after they were shown to improve
clinical and survival outcomes[19]. LHRHa not only
suppress serum concentration of testosterone to <5% of
normal (castrate levels) but also result in an acute
decline in estrogen levels to <20% of normal
(aromatisation of testosterone yields estrogen in males)
[13][20]. As a consequence of diminished sex hormones,
long term ADT with LHRHa has been associated with
serious complications such as sarcopenia, anemia,
sexual dysfunction and osteoporosis[21]. Intermittent
ADT with LHRHa has been considered to overcome
such toxicity. This involves cycling ADT with
off-treatment periods, allowing testosterone to recover
above castrate levels during the treatment cessation
phase. Survival outcomes similar to continuous ADT
have been shown with intermittent ADT in metastatic
PCa[22] and potential benefits relating to body
composition changes have been suggested[23]. However
current evidence appears inadequate in establishing
intermittent ADT for routine clinical use[24-25].

Initial exposure to LHRHa leads to a ‘testosterone flare
reaction’, due to preliminary transient activation of
HPG-axis which leads to a surge in the production of
testosterone. In a few patients, this can cause
complications such as exacerbation of bone pain from
skeletal metastasis and worsening of urinary
obstructive symptoms. The flare phenomenon is
blocked by administering anti-androgens a week before
starting LHRHa and continuing for 2-3 weeks
afterward[26].

5 Anti-androgens

Anti-androgens, also called androgen antagonists, are
oral agents that inhibit AR signalling by competitively
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blocking the AR ligand-binding sites. There are two
distinct classes of anti-androgens; steroidal
(cyproterone acetate) and non-steroidal (bicalutamide,
flutamide and nilutamide). In addition to AR blockade,
steroidal anti-androgens also exhibit progestogen-like
activity that results in central HPG inhibition and
decrease in serum testosterone[27].

Anti-androgens are commonly employed for
preventing the flare reaction from LHRHa therapy[26]

and they have also been used in combination with
LHRHa (combined androgen blockade; CAB). CAB
was the first method of ADT shown to improve
survival in patients with advanced disease as compared
to surgical orchidectomy or DES[28].

Suppression of testosterone synthesis in the testes does
not completely eliminate serum androgens as adrenal
production accounts for 5% of the circulating androgen
pool[10]. Further, the potent androgen DHT is also
synthesized locally in the prostate from sex hormone
precursor DHEA produced in the adrenal glands. The
residual androgens from a non-testicular origin
stimulate PCa growth and CAB has been used to
enhance the efficacy of ADT by countering this
effect[10][29].

6 Luteinising hormone releasing hormone
antagonists

LHRH antagonists are ADT agents that bind to
pituitary receptors and block the release of LH and
FSH, without causing the flare reaction seen with
LHRHa. Degarelix, available as a monthly depot
injection, is the first approved LHRH antagonist for
treatment of advanced PCa. Degraelix induces a rapid
decline in serum testosterone levels (96% patients
achieve castrate levels within 3 days) and maintains
castrate levels effectively[30]. Findings from analysis of
pooled data of prospective randomised controlled trials
(RCT) comparing degarelix to LHRHa suggest
improved survival and musculoskeletal toxicity
outcomes with degarelix[31].

7 Parenteral estrogen

Oral estrogen DES was previously used as ADT but its
use was curtailed owing to concerns over
cardiovascular and thromboembolic toxicity[14]. It is
now evident that oral administration exposes the liver
to very high concentrations of estrogen via portal
circulation. This first pass through the liver upregulates
hepatic synthesis of pro-coagulant proteins and induces
a hypercoagulable state, thereby escalating the risk of
serious thromboembolic and cardiovascular events
such as myocardial infarction and stroke[32].

Parenteral oestrogen administration (intramuscular,
transdermal) not only results in central suppression of
androgen production but also mitigates the
thromboembolic consequences of oral therapy by
avoiding first-pass effect through the liver. Castrate
levels of testosterone for PCa growth arrest can be
achieved by this strategy, with little effect on
hemostatic profile[33-35]. By replacing endogenous
estrogen lost otherwise as a result of contemporary
ADT with LHRHa, parenteral estrogen may potentially
mitigate the estrogen deficiency related serious adverse
events such as osteoporosis[36-37]. Previous data from
studies using parenteral estrogen as ADT for PCa have
highlighted the bone-sparing potential of this treatment.
A study of patients with advanced PCa (n=20) treated
with transdermal oestradiol as primary ADT reported
increases in total hip and lumbar spine BMD after a
year of starting therapy (38). In another study of men
with advanced PCa (n=910) with 9 years follow-up,
none of the patients on intramuscular oestrogen
(polyestradiol phosphate) developed any serious
skeletal event compared to 18 on CAB (35).

The PATCH (Prostate Adenocarcinoma
TransCutaneous Hormones) study is an ongoing
randomised clinical trial, now in Phase III, comparing
transdermal estradiol with LHRHa in locally advanced
and metastatic PC. In the first stage (n=254) of the
phase II study, similar rates of significant CVS events
(the primary outcome) were reported in both trial arms.
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Serum glucose and cholesterol profiles were also
shown to be more favourable in the estradiol group
than in the LHRHa group[39]. Results from a sub-study
of the phase II trial evaluating bone health showed
decreased lumbar spine BMD with LHRHa compared
to baseline while it increased with estrogen patches[40].
Parenteral estrogen appears to be an effective and safe
therapeutic option for the treatment of PC. Future data
from trials such as PATCH will contribute to the
evidence-base required to establish parenteral estrogen
as an alternative to contemporary ADT with LHRHa.

8 Treatment of castration-resistant prostate
cancer

Following initial response to ADT, PCa invariably
progresses to a state of resistance called
castration-resistant prostate cancer (CRPC) which is
associated with a poor prognosis and reduced survival.
Continued AR signalling due to intratumoral androgen

synthesis, AR mutations and AR overexpression has
been suggested to propel disease progression despite
castrate levels of testosterone achieved with
conventional ADT[8][41]. A number of novel treatments
offering survival benefit for CRPC have recently been
introduced[42][43]. These include cytotoxic
chemotherapy (docetaxel, cabazitaxel)[44], new ADT
agents (abiraterone, enzalutamide)[45-47] and
immunotherapy (sipuleucel-T)[48]. Low-dose oral
DES (1-3 mg) has also been demonstrated to be
effective and safe as a CRPC treatment with a 5-10%
rate of thromboembolic events[49-50]. Table 2 lists the
treatment options for CRPC and their mechanisms of
action. The management of CRPC has been
transformed with the introduction of these new agents
but questions regarding their optimum timing,
combination therapy and toxicity profile still need to
be answered.

Treatment Type Mechanism of Action

Docetaxel,

Cabazitaxel

Cytotoxic

chemotherapy

Arrest tumour growth by binding to tubulin protein and

causing cell cycle arrest

Abiraterone Androgen

deprivation

therapy

Suppresses intratumoral androgen synthesis by

inhibiting both 17-α-hydroxylase and 17,20 lyase

activities of microsomal enzyme cytochrome P450

isoform-17

Enzalutamide Anti-androgen Multi-step inhibition of androgen signalling cascade

(competitive binding to AR, reduced nuclear

translocation, impaired DNA binding)

Sipuleucel-T Immunotherapy Activated autologous cytotoxic T-cell vaccine targets

prostatic acid phosphatase expressed by tumour cells

DES Synthetic oral

oestrogen

Inhibits gonadal, extragonadal and intratumoral

androgen synthesis

49



Distributed under creative commons license 4.0 Volume 2; Issue 1

Table 2. Novel treatment options for castration-resistant prostate cancer

Conclusion

Hormonal manipulation has seen considerable
evolution over the years and still retains its place at the
heart of PCa management. As we continue to better
understand the biochemical mechanisms of PCa
progression, the role of hormonal manipulation is
becoming even more pronounced. Newer, more
efficacious ADT agents are being developed currently
which promise a great deal for the future. However, a
major consideration among all this excitement is the
ever-growing evidence about the toxicities associated
with ADT and there is a dire need to introduce
strategies aimed at mitigating them.
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