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The most recent guidelines on prostate cancer screening from the American Urological 
Association (2009), the National Comprehensive Cancer Network (2011), and the 
European Association of Urology (2011), as well as treatment and advances in disease 
monitoring, have increased the androgen deprivation therapy (ADT) population and 
the duration of ADT usage as the first-line treatment for metastatic prostate cancer. 
According to the European Association of Urology, gonadotropin-releasing hormone 
(GnRH) agonists have become the leading therapeutic option for ADT because they 
avoid the physical and psychological discomforts associated with orchiectomy. However, 
GnRH agonists display several shortcomings, including testosterone (T) surge (“clinical 
flare”) and microsurges. T surge delays the intended serologic endpoint of T suppression 
and may exacerbate clinical symptoms. Furthermore, ADT manifests an adverse-event 
spectrum that can impact quality of life with its attendant well-documented morbidi-
ties. Strategies to improve ADT tolerability include a holistic management approach, 
improved diet and exercise, and more specific monitoring to detect and prevent T 
depletion toxicities. Intermittent ADT, which allows hormonal recovery between treat-
ment periods, has become increasingly utilized as a methodology for improving quality 
of life while not diminishing chronic ADT efficacy, and may also provide healthcare cost 
savings. This review assesses the present and potential future role of GnRH agonists 
in prostate cancer and explores strategies to minimize the adverse-event profile for 
patients receiving ADT.
[ Rev Urol. 2012;14(1/2):1-12 doi:10.3909/riu0547 ]
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antagonists. According to the 
American Urological Association 
(AUA) guidelines, “primary ADT 
may be employed with the goal of 
providing symptomatic control 
of prostate cancer for patients in 
whom definitive treatment with 
surgery or radiation is not pos-
sible or acceptable.”3 According 
to the European Association of 
Urology (EAU), GnRH agonists 
have become the leading therapeu-
tic option for ADT because they 
avoid the physical and psychologi-
cal discomforts associated with 
orchiectomy.4,5 However, GnRH 
agonists display several shortcom-
ings including T surge (“clinical 
flare”) and microsurges.4

Irrespective of how ADT is 
achieved, T suppression causes 
adverse effects, such as hot flushes, 
osteoporosis, and possible cardio-
metabolic effects.6 The introduc-
tion of PSA testing has increased 
the prevalence of prostate cancer 
patients diagnosed at earlier stages. 
The consequent increase in ADT 
utilization highlights the impor-
tance of strategies to help reduce 
side effects associated with T sup-
pression, as well as strategies to 
avoid unnecessary screening, over-
detection, and overtreatment. 

Some of the above controversies 
related to ADT in the management 
of prostate cancer are addressed, 
specifically, PSA screening for pros-
tate cancer and its impact upon ADT 
utilization; new insights related to 
the adverse-event profile associated 
with ADT; the role of intermittent 
hormone therapy (IHT); measuring 
T levels and whether the level of T 
suppression following GnRH ago-
nists influences survival; and dif-
ferences between GnRH agonists. 
In addition, this article assesses 
the potential future role of GnRH 
agonists in prostate cancer therapy. 
Novel strategies to minimize the 
risk of adverse effects of T suppres-
sion are also reviewed.

Until recently, there was less 
controversy regarding the man-
agement of CRPC because the 
therapeutic armamentarium was 
limited. There are now increasing 
numbers of choices available for 
treating CRPC in addition to GnRH 
agonists. In 2012, chemotherapy, 
immune therapy, and secondary 
hormonal therapy were approved 
for the treatment of CRPC.2 For 
example, in 2010, the US Food 
and Drug Administration (FDA) 
approved sipuleucel-T (Provenge®; 
Dendreon Corporation, Seattle, 
WA), a cancer treatment vaccine 
using a patient’s own immune cells. 
GnRH antagonists, by immediately 
stopping luteinizing hormone (LH) 
secretion, produce rapid T suppres-
sion without the initial LH and T 
surge. Other clinical trials are 
investigating new treatments such 
as molecularly targeted agents and 
biomarkers. However, there are 
unanswered questions regarding 
the cost/benefit analysis and safety 
of these new treatments as well as a 
paucity of data regarding the most 
ideal sequencing and/or combina-
tion implementation strategies.

ADT is first-line treatment for 
advanced/metastatic prostate can-
cer and recommended for use 
before, during, or after definitive 
radiotherapy for intermediate- and 
high-risk localized prostate cancer. 
ADT is also commonly used for 
shorter intervals to reduce prostate 
gland volume in patients contem-
plating brachytherapy, cryotherapy, 
and high-intensity focused ultra-
sound therapy, especially when 
gland volume exceeds 50 g; how-
ever, this utilization does not have 
an FDA- or European Medicines 
Agency–approved indication. ADT 
does not have an FDA-labeled indi-
cation for PSA relapse. ADT may 
be accomplished by surgical cas-
tration (bilateral orchiectomy) 
or via pharmacologic therapy, 
for example, GnRH agonists and 

The management of prostate can-
cer from initial screening to the 
treatment of castrate-resistant 

prostate cancer (CRPC) has a myr-
iad of options and associated con-
troversies. There are a multitude of 
questions and related controversies 
involving initial screening and the 
therapeutic management of low-
risk disease. Does prostate-specific 
antigen (PSA) screening save lives? 
Should Gleason 6 histopathology 
be redefined as a nonmalignant 
process, due to its exceedingly low 
risk for the development of recur-
rent disease after definitive local-
ized therapy? Are we overtreating 
low-risk prostate cancer? What is 
the optimal treatment for clinically 
localized prostate cancer?

Androgen deprivation therapy 
(ADT) has been incorporated into 
the treatment of prostate cancer 
since the 1940s, when  Huggins and 
Hodges first reported that surgical 
and medical castration promotes 
regression of metastatic prostate 
cancer with dramatic disease pal-
liation.1 Nonetheless, controversies 
related to ADT for prostate can-
cer are abundant. When should 
ADT be initiated, if at all, dur-
ing PSA relapse (ie, biochemical 
recurrence? Is there an advantage 
to initiating maximal androgen 
blockade (MAB) versus monother-
apy? Does ADT increase cardiovas-
cular mortality? Does intermittent 
androgen deprivation (IAD) ther-
apy improve quality of life without 
compromising survival? What level 
of testosterone (T) suppression is 
most consistent with castration? 
Does the level of T suppression 
achieved following administration 
of gonadotropin-releasing hor-
mone (GnRH) agonists influence 
survival? Are all GnRH agonists 
the same with regard to T suppres-
sion? Do GnRH antagonists offer 
any advantage? What are the opti-
mal dosaging intervals and modes 
of administration for ADT?
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Mechanism of Action/ 
Pharmacological Profile
GnRH, which is secreted in pulses 
from the hypothalamus, stimu-
lates release of LH, along with 
adrenocorticotropic hormone and 
prolactin, from the pituitary gland. 
LH subsequently stimulates secre-
tion of T, predominantly by the tes-
tes (Figure 1).11,12 Sustained pituitary 
overstimulation eventually down-
regulates and desensitizes GnRH 
receptors, causing a decrease in hor-
mone levels.13 The overall effect of 
ADT on hormone levels in prostate 
cancer differs between treatments. 
Orchiectomy reduces T and dihy-
drotestosterone (DHT) but is accom-
panied by significant rises in both 
LH and follicle-stimulating hormone 
(FSH).14,15 GnRH agonists cause an 
initial surge in LH, FSH, T, and DHT; 
over time these hormones are sup-
pressed.16 However, FSH gradually 
rises during GnRH agonist treat-
ment and results in a FSH “escape.”17

Hence, these distinct modes 
of action of GnRH agonists pro-
duce different clinical effects. The 

serum T levels to , 50 ng/dL,
which historically was the level 
thought to be consistent with surgi-
cal castration.9 Using modern assay 
techniques, it is now recognized 
that the median T level achieved 
following surgical castration is  
~15 ng/dL, with a range between 
10  to 30 ng/dL.9 In a review of 
the literature, Perachino and col-
leagues10 reported that between 
13% and 42% of men with prostate 
cancer fail to achieve castrate levels 
of androgens (, 20 ng/dL as per the 
study, as compared with standard 
, 50 ng/dL) after initiating leuti-
nizing hormone-releasing hormone 
(LHRH) therapy, depending on the 
upper limit of serum T. The clini-
cal benefits of maintaining T levels 
, 20 ng/dL versus , 50 ng/dL have 
not been prospectively studied. 
A prospective, randomized, and 
carefully designed trial contem-
plating clinical progression and 
specific mortality is necessary as 
the primary endpoint would be 
required to confirm these findings 
and reassess the cutoff level.

GnRH Agonists
GnRH is a decapeptide that is pro-
duced by the hypothalamus and 
regulates serum T levels through 
its effects on LH release by the 
pituitary gland.7 The various com-
mercially available GnRH agonists 
are all modifications of the GnRH 
decapeptide by amino acid sub-
stitutions or chemical alterations 
of existing amino acids. GnRH 
agonists can cause a T flare in 
response to increased stimulation 
of LH; continuous stimulation 
of the GnRH receptors promotes 
desensitization of the GnRH recep-
tors, resulting in T suppression.8 
Commercially available GnRH 
agonists differ in their duration of 
action (1 month to 1 year), route of 
administration (intramuscular or 
subcutaneous injection or subcu-
taneous implant), and requirement 
for reconstitution. 

It is generally thought that GnRH 
agonists have similar efficacy and 
side effects because all of the com-
mercially available agents have 
been shown to effectively reduce 

Figure 1. Gonadotropin-releasing hormone (GnRH), secreted in pulses from the hypothalamus, stimulates release of luteinizing hormone (LH) 
from the pituitary gland, along with adrenocorticotropic hormone (ACTH) and prolactin. LH subsequently stimulates secretion of testosterone, 
predominantly by the testes. Damber JE, Acta Oncologica, 2005;44:605-609, copyright © 2005, Informa Healthcare. Reproduced with permis-
sion of Informa Healthcare.74
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prostate cancer survival advan-
tage attributable to PSA screen-
ing. This study has been used to 
condemn PSA screening, implying 
it is an instrument that subjects 
men unnecessarily to biopsies and 
ineffective treatment. A critical 
review shows this study was meth-
odologically flawed. First, half of 
the men in the unscreened group 
underwent PSA screening before 
randomization. Second, half of 
the men in the unscreened group 
underwent subsequent PSA testing. 
Third, among the men with an ele-
vated PSA, many did not undergo 
biopsy. Fourth, a median follow-up 
of 6.3 years is grossly inadequate 
to determine screening impact on 
mortality. Follow-up information 
has continued to show no statisti-
cally significant difference between 
prostate cancer mortality rates in 
the intervention arm and the con-
trol arm.38

The European Randomized 
Study of Screening for Prostate 
Cancer (ERSPC) had less con-
tamination than the PLCO study 
because a smaller proportion of 
men in the unscreened cohort 
underwent screening prior to ran-
domization or during the study.39 
The median follow-up was 9 years. 
Overall, prostate cancer mortality 
was reduced by 20%. Upon cor-
recting for contamination, PSA 
screening decreased prostate can-
cer mortality by 31% in actually 
screened patients.40

The Scandinavian Prostate 
Cancer Screening Study was 
recently reported and received far 
less fanfare than the PLCO and 
ERSPC studies.41 The Scandinavian 
study is the most informative and 
relevant PSA screening study 
because contamination was low 
and follow-up was 14 years. The 
Scandinavian study reported a 40% 
reduction in prostate cancer mor-
tality attributable to PSA screen-
ing, which is consistent with the 

was  discovered and purified in 
1979.30 Thirteen years later, two 
large studies reported the utility of 
using PSA screening for prostate 
cancer.31,32 In one study, approxi-
mately 15% of men of 1249 over the 
age of 50 years were found to have 
an elevated PSA, defined by a serum 
level . 4.0 ng/mL. Prostate cancer 
was diagnosed in slightly more 
than 30% of men with an elevated 
PSA. Soon thereafter, PSA screen-
ing gained widespread acceptance 
in the United States. According to 
Zeliadt and colleagues, it has been 
estimated that approximately 50% 
of the male US population between 
the ages of 55 and 74 years undergo 
PSA screening over a 6- to 7-month 
period.33

Prior to the widespread accep-
tance of PSA screening, the over-
whelming majority of prostate 
cancers were advanced at the time 
of diagnosis.34 PSA screening has 
resulted in dramatic stage migra-
tion. The overwhelming majority of 
cases diagnosed today are clinically 
localized, suggesting that there is 
no clinical or radiologic evidence 
that the cancer has metastasized 
beyond the prostate.34 Based on the 
protracted natural history of the 
disease, one could speculate that 
it would require decades for PSA 
screening to maximally impact 
mortality rates for prostate can-
cer. Beginning in the early to mid-
1990s, mortality rates from prostate 
cancer have consistently been on 
the decline.35 Since the peak mor-
tality in 1991, there has been a 40% 
reduction in prostate cancer mor-
tality that many have attributed to 
PSA screening.36

In 2011, two large screening stud-
ies were reported with conflicting 
conclusions. The PLCO (Prostate, 
Lung, Colon and Ovarian) study 
randomized men to PSA screening 
versus no mandated PSA screen-
ing.37 With a median follow-up of 
6.3 years, there was no significant 

initial agonist-induced T surge 
can exacerbate clinical symptoms 
(clinical flare) in advanced prostate 
cancer.18 An appreciable proportion 
of patients (~ 12%) receiving GnRH 
agonists fail to achieve castrate 
T  levels # 50 ng/dL.19 T  microsur-
ges associated with repeat injec-
tions also occur with agonists.19 In 
a study with goserelin, microsurges 
(T surges above a castration thresh-
old of 18.5 ng/dL after $ 1 repeat 
injection) occurred in 17.7% to 27% of 
patients.20 The clinical implications of 
microsurges are currently unclear.

Loss of GnRH receptor sensi-
tivity during long-term agonist 
therapy can allow renewed T pro-
duction manifesting as a late break-
through T escape.19,21

GnRH agonists usually cause 
partial FSH suppression.22,23 FSH 
stimulates prostate cancer cell 
growth in vitro.24 FSH receptors are 
present on prostate tumors25 and 
the surface of tumor blood vessels 26; 
they are expressed at higher levels 
on prostate versus normal tissue.27 
FSH signaling may also contribute 
to progression of CRPC.28 FSH pro-
motes RANK (receptor activator 
of nuclear factor κB) expression on 
CD141 cells, indicating the acqui-
sition of osteoclast precursor cell 
characteristics.29 The exact signifi-
cance of the role of FSH is still being 
defined. Long-term T control has 
been suggested to reduce mortality 
risk among patients with metastatic 
disease.10 In 129 patients with met-
astatic prostate cancer receiving a 
GnRH agonist, those with high T 
levels at 6 months had a 1.33-fold 
increase in mortality risk.10

How May Changing Prostate 
Cancer Screening Guidelines 
Impact Use of AdT?
PSA is the most utilized biomarker 
for diagnosing prostate cancer. It 
is a serine protease inhibitor that 
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appear to indicate that orchiectomy 
is not associated with greater risk 
of cardiovascular events.50,52,53 The 
final verdict on the cardiovascular 
risks of ADT is still clouded by a 
lack of level 1 evidence, required by 
long-term, prospective, blinded tri-
als. These findings are confirmed 
by Nguyen and colleagues,54 where 
in a pooled analysis of randomized 
trials of unfavorable-risk prostate 
cancer, ADT use was not associated 
with an increased risk of cardiovas-
cular death but was associated with 
a lower risk of prostate cancer–
specific mortality and all-cause 
mortality.

By assessing a patient’s suscepti-
bility to such effects, a comprehen-
sive (holistic) treatment program 
can be tailored to maximize ADT 
efficacy while protecting against 
adverse effects.55 Patients receiv-
ing ADT should be counseled to 
help them recognize, prevent, and 
manage side effects; they should be 
encouraged towards a healthy life-
style including a heart-healthy diet 
and manageable regular exercise 
program.19 Measures to promote 
bone health include weight-bearing 
(resistance) exercise, smoking ces-
sation, vitamin D and calcium sup-
plementation, and moderate alcohol 
consumption.55,56 Bisphosphonates 
(which increase bone mineral den-
sity [BMD] in patients treated with 
ADT6) should be considered in 
patients with fractures or BMD T 
scores of 22.5 or less.57 Based on 
one study, denosumab, a monoclo-
nal antibody agonist RANK ligand, 
has increased BMD and reduced 
the incidence of new vertebral frac-
tures among men receiving ADT 
for nonmetastatic prostate cancer.58 
Denosumab was FDA approved 
in November 2011 for prevention 
of osteoporosis for men receiving 
ADT. Clinicians should carefully 
assess fracture risk (eg, via the 
World Health Organization frac-
ture risk assessment tool [FRAX]) 

administering these treatments due 
to increased awareness of poten-
tially significant adverse events. 
If the diagnostic milieu is turned 
back to the pre-screening era, this 
may ironically, and unfortunately, 
result in more ADT utilization. 
More men will once again present 
with locally advanced or metastatic 
disease that is no longer amenable 
to localized cure and will be more 
appropriately managed with ADT.

Adverse Effects of AdT
T suppression is associated with 
bone loss,44 which may also be 
influenced by other factors such as 
obesity, age, and sedentary lifestyle. 
Moreover, ADT and attendant 
bone demineralization is associ-
ated with an increased risk of skel-
etal fracture.45 Skeletal fractures 
are of particular concern, given 
their documented correlation with 
decreased overall survival in men 
with prostate cancer.46

ADT has also been correlated 
with several metabolic complica-
tions. GnRH agonists can increase 
central abdominal weight gain and 
overall fat body mass and decrease 
lean body mass and muscle size,47 as 
well as decrease insulin sensitivity.48 
ADT can also increase total and 
low-density lipoprotein cholesterol 
and triglycerides.49 It is believed 
metabolic changes associated with 
ADT may have significant conse-
quences for cardiovascular health; 
GnRH agonists have been associ-
ated with increased risk of incident 
diabetes, possibly coronary heart 
disease, acute myocardial infarc-
tion, and sudden cardiac death.50 
The FDA recently highlighted an 
increased risk of diabetes, heart 
attack, stroke, and sudden death 
with GnRH agonists based on a 
review of published studies; warn-
ings of such risks must now be 
added to GnRH agonist labels.51 In 
contrast, most but not all studies 

declining prostate cancer mortality 
statistics seen in the United States.36

Despite the compelling pros-
tate cancer survival advantage of 
prostate cancer screening, the US 
Preventative Task Force (USPTF) 
made a general recommendation 
against PSA screening because they 
interpreted the literature to show 
that PSA screening produced more 
harm than benefit.42 The debate 
regarding the value of PSA screen-
ing played out in the lay press for 
several weeks. How the primary 
care physician will react to the con-
troversy regarding PSA screening is 
unclear. There is also uncertainty as 
to whether the Center for Medicare 
Services (CMS) will continue to 
reimburse for PSA screening; if the 
USPTF recommends against PSA 
screening, then CMS may decide 
to cease PSA reimbursement. The 
ultimate decision regarding cover-
age for PSA screening will certainly 
influence the proportion of men 
who will be screened in the future. 

A randomized study compar-
ing radical prostatectomy (RP) 
versus watchful waiting for local-
ized disease diagnosed in the pre-
PSA screening era reported that 
40% of the men undergoing RP 
received ADT.43 There is no doubt 
that prostate screening decreases 
prostate cancer mortality, but this 
occurs at the expense of subject-
ing many men with low-risk dis-
ease to unnecessary treatment. 
Rather than summarily abandon-
ing prostate cancer screening, there 
is a need to rationally risk stratify 
newly diagnosed cancers in order 
to maintain the reduction in pros-
tate cancer mortality while limiting 
unnecessary treatment.

There has been a decline in the 
use of ADT for prostate cancer 
due in part to fewer men develop-
ing metastatic disease as the result 
of screening and subsequent cura-
tive localized therapies. There has 
also been a higher threshold for 
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cancer.61 This study outcome is 
similar to two previous pivotal tri-
als and a systematic review of IAD 
based on the EAU guidelines.61,64,65

Based on limited randomized 
studies, whereas CAD appears 
appropriate for patients with 
advanced metastatic prostate can-
cer, according to a study by Shore 
and Crawford IAD may be appro-
priate for many patients who reach 
castrate T levels (, 20 ng/dL) and 
a PSA nadir of , 4.0 ng/dL during 
induction therapy.63 However, the 
clinical benefits of maintaining T 
levels , 20 ng/dL versus , 50 ng/dL 
have not been prospectively stud-
ied. Carefully designed, prospec-
tive, randomized, phase III trials 
are needed for further assessment, 
with results clarifying issues such 
as selection of the most appropri-
ate patients to receive IAD, optimal 
thresholds for stopping/resuming 
therapy, suitable ADT agents, and 
confirmation of the efficacy of IAD 
to mitigate serious adverse events.

does T Level Influence 
Survival Following AdT?
Controversy previously existed 
regarding the clinical significance 
of circulating androgens follow-
ing treatment with GnRH agonists. 
There is evidence that very low 
levels of T and its metabolites may 
elicit prostate cancer progression. 
Although the treatment is con-
troversial, some experts believe 
that MAB (medical or surgical 
castration in combination with 
an antiandrogen) achieves supe-
rior survival over GnRH agonists 
alone.66 It is unclear whether this 
modest observed survival advan-
tage is attributable to prevention of 
the T flare or T escape, or suppres-
sion of adrenal androgens. There is 
new evidence that prostate cancers 
themselves are capable of synthesiz-
ing endogenous T.67 A recent clini-
cal study showing that treatment 

regarding IAD, stating that “the 
long term efficacy [of IAD] remains 
unproven.”5 

In light of the experimental nature 
of IAD in the United States, optimal 
thresholds for stopping/resuming  
ADT are empirical, and the best 
candidates for IAD have not been 
completely defined. According to 
Gomella and colleagues,62 during 
IAD, active treatment periods are 
separated by periods without treat-
ment. On-treatment periods usually 
last 6 to 9 months or until a PSA nadir 
, 4 ng/mL.62 Off-treatment peri-
ods are more variable, with treat-
ment reinstated if PSA increases. In 
contrast, the EAU does not consider 
IAD an investigational therapy, 
and has formulated guidelines for 
locally advanced or relapsing dis-
ease; these suggest stopping treat-
ment only if there is no clinical 
progression (a clear PSA response: 
PSA , 4 ng/mL in metastatic dis-
ease, or 0.5 ng/mL in relapsing  
disease), and resuming treatment if 
there is either clinical progression or 
a PSA value above a predetermined 
fixed threshold (usually 4 ng/mL in 
nonmetastatic patients or 10-15 ng/
mL in metastatic patients).4 As there 
is no consensual standardization of 
IAD protocols and guidelines in the 
United States, it has been difficult to 
compare data and conclusions from 
clinical trials.

However, the potential advan-
tages of IAD, which include 
improved quality of life, the 
theoretical possibility of delay-
ing hormone resistance, and pos-
sible reduction in healthcare costs, 
warrant further exploration.63 
American clinical trials have doc-
umented the efficacy of IAD. An 
intergroup, phase III, randomized, 
controlled trial study from Klotz 
and colleagues61 showed that IAD 
was not inferior to complete andro-
gen blockade with respect to over-
all survival in men with rising PSA 
after radical therapy for prostate 

and BMD should be monitored at 
regular intervals via dual-energy 
X-ray absorptiometry when deemed 
appropriate to clinically alter thera-
peutic options.56

 The morbidities of ADT should 
be considered in the context of 
the existing comorbidities of the 
patient when choosing palliative 
ADT. As per the AUA guidelines, 
ADT may be used for the palliation 
of symptomatic patients with more 
extensive or poorly differentiated 
tumors, whose life expectancy is 
too short to benefit from treatment 
with curative intent.3 When mak-
ing treatment decisions about ADT, 
physicians and patients should dis-
cuss and review existing guidelines 
for lifestyle modifications, and the 
increased risk of adverse effects 
such as osteoporosis, fracture risks, 
obesity, alteration in lipids, diabe-
tes and cardiovascular disease.5,59 
Patients should be monitored with 
periodic follow-up evaluations 
including assessment of blood 
pressure, lipid profile, and glucose 
level. Patients with cardiac disease 
should receive appropriate second-
ary preventive measures as recom-
mended by existing guidelines.5,53 

Intermittent Hormonal 
Therapy
IAD has been touted as a possible 
alternative for some patients to 
minimize ADT side effects while 
maintaining anti-tumor efficacy.60 
Although some evidence suggests 
that IAD performs at least as well as 
continuous androgen deprivation 
(CAD) in terms of overall survival, 
and perhaps better in terms of side 
effects, IAD still remains experi-
mental and unproven regarding 
long-term implications of disease 
progression and survival impact.61 

In fact, many organizations such 
as the National Comprehensive 
Cancer Network have been skep-
tical in their practice guidelines 
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correlated with breakthrough T 
increases of 50 ng/dL (classic level) 
and 20 ng/dL (surgical castration 
level). The lowest serum T thresh-
old that was able to significantly 
distinguish groups related with sur-
vival free of AIP was 32 ng/dL.21 A 
univariate analysis was performed 
to determine if age, initial clinical 
stage, biopsy Gleason score, admin-
istration of MAB, initial PSA, and 
T break- through . 50 ng/mL 
predicted the survival free of AIP 
(Table 1).21 

Survival free of AIP was com-
pared for three groups: Group 1, 
all T levels , 20 ng/dL; Group 2, 
any T between 20 and 50 ng/dL; 
and Group 3, any T . 50 ng/dL. 
The mean time to develop AIP for 
Groups 1, 2, and 3 was 106 months, 
90 months, and 72 months, respec-
tively.21 The Kaplan-Meier plots 
showing survival free of AIP for the 
three groups (Figure 2) confirms 
that the level of serum T suppres-
sion is a predictor of survival free 
of AIP. The mean survival free of 
AIP in patients with breakthrough 
increases greater than 32 ng/dL 
was 88 months, whereas it was 137 
months in those without break-
through increases. According to 
Morote and colleagues, these results 
show that a routine measurement 

Morote and colleagues21 con-
ducted a review based on a 
ret rospective analysis of 73 non-
metastatic prostate cancer patients 
who were treated with ADT 
(GnRH agonist) and had both 
their serum PSA and T levels mea-
sured between 8 and 12 weeks after 
administration of the GnRH ago-
nist. Over one-third of patients 
(38.4%) also received contin-
ued treatment with bicalutamide 
(MAB). All men were treated with 
a 3-month depot GnRH agonist 
for at least 1  year and had at least 
three serum T levels measured.21 

All patients received bicalutamide, 
50  mg, daily for 2 weeks prior to 
initiating GnRH agonist treat-
ment.21 Of the 73 evaluated, daily 
bicalutamide was maintained in 28 
men throughout the course of ADT. 
In the subset of daily bicalutamide 
patients, the mean follow-up was 
54 months (range, 13-240 months). 
Overall, 32% and 25% of men had 
T levels between 20 and 50 ng/dL  
and . 50 ng/dL, respectively.21 
The endpoint was development of 
AIP, defined as three consecutive 
rising PSA levels. During a follow-
up period (a mean follow-up of 
51 months; range, 12-240 months), 
androgen-independent progression 
(AIP) events were identified and 

with a CYP17 inhibitor such as abi-
raterone, either alone or with glu-
cocorticoids, resulted in significant 
antitumor activity in patients with 
androgen independent progression 
(AIP) both who had and had not 
received chemotherapy.68

The goal of pharmacologic cas-
tration is to achieve T suppression 
comparable with surgical castra-
tion. Historically, it was assumed 
that surgical castration achieved 
T levels , 1.5 pmol/L because this 
was the lower limit for assaying 
T levels at the time.69 Therefore, 
GnRH  agonists were assumed 
to achieve equivalence to surgi-
cal castration if they achieved 
T levels ,  50 ng/dL. Using newer 
chemiluminescent techniques,70 it 
was subsequently shown in a sin-
gle study that surgical castration 
achieves median T levels equivalent 
to 15 ng/dL.9 Ideally, this should be 
the goal of GnRH agonists. There 
are two recent studies suggest-
ing that consistent T suppression 
, 50 ng/dL following GnRH ago-
nists can be associated with superior 
survival. Morote and colleagues21 

and Perachino and colleagues10 
hypothesized that progression and 
survival following administration 
of GnRH agonists is related to the 
degree of T suppression.

Log Rank P Value

Age (# 70 years vs . 70 years) 3.27 .0723
Initial clinical stage (T1–2 vs T3–4) 0.01 .9095
Biopsy Gleason score (2–6 vs 7–10) 6.71 .0096
LHRH agonist ( bicalutamide) 0.99 .3188
Initial PSA (# 20 ng/mL or less vs . 20 ng/mL) 0.10 .7483
Testosterone breakthrough increases . 20 ng/dL 1.78 .1819
Testosterone breakthrough increases . 50 ng/dL 7.74 .0054

LHRH, luteinizing hormone-releasing hormone; PSA, prostate-specific antigen. 
Reproduced with permission from Morote J et al.21

TABLe 1

Univariate Analysis Relating Dichotomic Variables Included in the Study and Survival Free of Androgen- 
Independent Progression
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follow-up was 47.5 months and 6 to 
120 months, respectively. Serum T 
and PSA data were taken retrospec-
tively from patients on 3 months of 
ADT (n 5 129) every 12 weeks for 
the duration of the study. After a 
mean follow-up of 47.5 months, 
55% (n 5 71) of patients died and 
45% (n 5 58) of patients survived. 
Overall, 25% and 31% of men 
receiving goserelin exhibited a T 
level . 50 ng/dL or between 20 and 
50 ng/dL, respectively. A Cox 
regression model was utilized to 
determine predictors of prostate 
cancer survival. Gleason score, 
6-month serum PSA, and 6-month 
T were independent predictors 
of  cancer-specific survival. The 
 hazard ratio and related 95% 
 confidence interval are shown in 
Figure 3. PSA values were shown as 
natural logarithms and serum T 
levels as squared values, respec-
tively, and represented on a loga-
rithmic survivor function plot 
which showed a continuous direct 
relationship between serum T lev-
els and cancer-specific survival.

This study suggests a direct cor-
relation between the risk of death 
and T levels during ADT. A pro-
spective, randomized, and care-
fully designed trial contemplating 
clinical progression and specific 
mortality as the primary endpoint 
would be required to confirm these 
findings and reassess the cutoff 

Perachino and colleagues10 fol-
lowed T levels after initiation of 
ADT with GnRH agonists. The 
study was based on a retrospective 
review of 129 newly diagnosed 
ADT-naive patients with metastatic 
bone-only prostate cancer who 
were treated with a 3-month depot 
of goserelin every 12 weeks. Serum 
PSA and T were measured on the 
same day of goserelin administra-
tion. The mean and range of 

of serum T should become part of 
clinical practice when evaluating 
the effects of hormonal therapy. A 
reasonable option to detect these 
breakthrough increases would 
be to monitor T levels at PSA 
determination.

In order to confirm findings 
of the study by Morote and col-
leagues,21 a prospective, random-
ized, and carefully designed trial 
to assess clinical progression 
and mortality as primary end-
points would be required to reas-
sess T cutoff level, as the clinical 
benefits of maintaining T levels  
, 20 ng/dL versus , 50 ng/dL have 
not been prospectively studied. Key 
issues remain unresolved—stan-
dardization of assays, a universally 
accepted definition of optimal cas-
trate T levels, and clear evidence 
regarding the clinical benefits of 
androgen suppression, continuous 
or intermittent protocol, and main-
tenance of acceptable castrate levels 
of T.

Figure 2. Survival free of androgen-independent progression (AIP) according to serum testosterone behavior. 
Group 1, patients with all three serum testosterone determinations less than , 20 ng/dL. Group 2, patients 
with breakthrough increases between 20 and 50 ng/dL. Group 3, patients with breakthrough increases . 
50 ng/dL. ADT, androgen deprivation therapy; PSA prostate-specific antigen. Reproduced with permission 
from Morote J et al.21
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group and 99% and 97% of the sub-
jects in the leuprolide group, respec-
tively. Although the mean difference 
was significant between the leupro-
lide acetate and triptorelin pamoate 
treatment groups at 29 days, it was 
not significant at 57 days (Figure 5). 

The results from Heyns and 
colleagues71 indicate that triptore-
lin pamoate may induce castra-
tion at a slightly slower rate than 
leuprolide acetate, but triptorelin 
pamoate maintains castration at 
least as effectively as leuprolide. A 
possible reason for this outcome 
may be dosing differences between 
triptorelin pamoate and leuprolide 
acetate. The repeated exposure to 
the higher leuprolide acetate dose 
(7.5  mg), as compared with the 
lower triptorelin pamoate dose 
(3.75 mg) may more likely cause 
an escape resulting from weak 
desensitization of pituitary GnRH 
receptors.71 The hypothesis is sup-
ported by an insignificant trend 
throughout the study, evidenced 
where there was more LH stimu-
lation with leuprolide than trip-
torelin pamoate at day 85 (98% vs 
94%) and 169 days (98% vs 93%).71 
Additional data support this claim 
with individual patients; there were 
fewer triptorelin pamoate than leu-
prolide patients who achieved cas-
tration at 29 days but had T escape 
at least once between months 2 and 
9 of the study (4 vs 11, respectively); 
this result correlated with the phar-
macological data. Assessment of  
T levels over 24 hours in a patient 
subset showed that 3 of 15 patients 
treated with leuprolide escaped cas-
trate T levels as compared to none 
of the 14 patients treated with trip-
torelin pamoate.

Moreover, there is no evidence 
that the slower onset of castra-
tion caused deleterious effects. The 
higher 9-month survival rate in the 
triptorelin pamoate than in the leu-
prolide group is intriguing, but long-
term data are required to determine 

triptorelin pamoate and leuprolide, 
respectively (P 5 .092). In this study, 
a greater proportion of men main-
tained medical castration with trip-
torelin pamoate at 29 days.

Secondary endpoints (9-month 
survival rate, mean LH concentra-
tions during treatment, median 
bone pain values as measured by the 
visual analog scale, quality of life, 
median PSA concentrations) were 
equivalent in both groups except for 
the 9-month overall survival rate, 
which was 97% in the triptorelin 
pamoate group versus 90.5% in the 
leuprolide acetate group (P 5 .033). 
Mean and cumulative castration 
maintenance rates between 29 and 
253  days were equivalent between 
the treatment groups. Mean serum 
T levels were analyzed every 28 days 
in the leuprolide acetate and trip-
torelin pamoate treatment groups. 
These levels fell below the pre-
defined levels for medical castration 
(# 50 ng/dL in this trial) at 29 days 
and 57  days for 91% and 98% of 
subjects in the triptorelin pamoate 

level, as the clinical benefits of 
maintaining T levels ,  20 ng/dL 
versus ,  50 ng/dL have not been 
prospectively studied.

do GnRH Agonists Have 
Unique Properties?
Heyns and colleagues71 compared 
T suppression in 140 and 137 men 
receiving monthly leuprolide ace-
tate versus triptorelin pamoate, 
respectively. The primary endpoint 
of the trial was the percentage of 
men whose serum T declined and 
remained at or below castration level 
(1.735 nmol/L or 50 ng/dL) during 
the 9-month treatment duration. 
The probability of maintenance 
of castration T levels is shown at 
monthly intervals throughout 
the 9-month study (Figure 4). A 
Kaplan-Meier survival analysis for 
the maintenance of castration lev-
els measured 3.75  mg triptorelin 
pamoate or 7.5 mg leuprolide. The 
cumulative maintenance of castra-
tion levels were 96% and 91% for 

Figure 4. The maintenance of castration in men treated with triptorelin pamoate, 3.75 mg (green line, open 
circles), or leuprolide acetate, 7.5 mg (red line, open squares), for 9 months (Kaplan-Meier survival analysis). 
Reproduced with permission from Heyns CF et al.71
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As ADT is associated with a 
range of side effects (eg, bone loss, 
metabolic and possible cardiovas-
cular complications), a variety of 
strategies should be considered to 
effectively manage these effects. In 
particular, this should include 
adoption of a more comprehensive 
treatment approach with counsel-
ing on diet and exercise as well as 
periodic monitoring of bone den-
sity and metabolic and cardiovas-
cular parameters. In addition, some 
patients may benefit from IAD, 
which minimizes ADT adverse 
events; allowing hormonal recov-
ery between treatment periods may 
improve quality of life. IAD may 
provide efficacy comparable with 
CAD but with improved tolerabil-
ity. Nevertheless, consensus guide-
lines regarding a universally 
accepted definition of optimal cas-
trate T levels, as well as evidence 
regarding the clinical benefits, 
safety, and tolerability of optimal 
androgen suppression, remain for 
further study and discussion. 
Because the clinical benefits of 
maintaining T levels , 20 ng/dL 
versus ,  50 ng/dL have not been 
prospectively studied, further pro-
spective, well-designed studies are 
needed to prove the hypothesis. 
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further study and discussion.
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