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Abstract
Context—Androgen deprivation therapy (ADT) is increasingly used for the treatment of prostate
cancer (PCa), even in clinical settings in which there is no evidence-based proof of prolonged
overall survival (OS). ADT, however, may be associated with numerous side effects, including an
increased therapy-related cardiovascular mortality.

Objective—To discuss different clinical settings in which ADT is currently used and to critically
weigh the benefits of ADT against its possible side effects.

Evidence acquisition—A MEDLINE search was conducted to identify original articles and
review articles addressing the efficacy and side effects of ADT for the treatment of PCa.
Keywords consisted of prostate cancer, hormonal therapy, adverse effects, radical prostatectomy,
and radiotherapy. The articles with the highest level of evidence for the various examined end
points were identified with the consensus of all authors and were reviewed.

© 2008 European Association of Urology. Published by Elsevier B.V. All rights reserved.
* Corresponding author. Martini-Clinic, Prostate Cancer Center Hamburg-Eppendorf, Martinistr. 52, 20246 Hamburg, Germany.
hendrikisbarn@gmail.com (H. Isbarn)..
Author contributions: Hendrik Isbarn had full access to all the data in the study and takes responsibility for the integrity of the data
and the accuracy of the data analysis.
Study concept and design: Isbarn, Montorsi, Schulman, Sternberg, Studer, Boccon-Gibod, Carroll, Smith.
Acquisition of data: Isbarn, Montorsi, Schulman, Sternberg, Studer, Boccon-Gibod, Carroll, Smith.
Analysis and interpretation of data: Isbarn, Montorsi, Schulman, Sternberg, Studer, Boccon-Gibod, Carroll, Smith.
Drafting of the manuscript: Isbarn, Montorsi, Schulman, Sternberg, Studer, Boccon-Gibod, Carroll, Smith.
Critical revision of the manuscript for important intellectual content: Montorsi, Schulman, Sternberg, Studer, Boccon-Gibod, Carroll,
Smith.
Statistical analysis: None.
Obtaining funding: None.
Administrative, technical, or material support: None.
Supervision: Montorsi, Schulman, Sternberg, Studer, Boccon-Gibod, Carroll, Smith.
Other (specify): None.
Financial disclosures: I certify that all conflicts of interest, including specific financial interests and relationships and affiliations
relevant to the subject matter or materials discussed in the manuscript (eg, employment/affiliation, grants or funding, consultancies,
honoraria, stock ownership or options, expert testimony, royalties, or patents filed, received, or pending), are the following:
Matthew Smith: Consultant for: Amgen, GTx Incorporated, and Novartis.
Claude Schulman: Lecturer/Adviser/Investigator for: Astellas, Novartis, Pierre Fabre Medicament.
Francesco Montorsi: Paid Consultant for: Pfizer, Bayer-Schering, Pierre Fabre, AMS, Mipharm, Stryker.

NIH Public Access
Author Manuscript
Eur Urol. Author manuscript; available in PMC 2011 May 10.

Published in final edited form as:
Eur Urol. 2009 January ; 55(1): 62–75. doi:10.1016/j.eururo.2008.10.008.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Evidence synthesis—Even short-term use of ADT may lead to numerous side effects, such as
osteoporosis, obesity, sarcopenia, lipid alterations, insulin resistance, and increased risk for
diabetes and cardiovascular morbidity. Despite these side effects, ADT is commonly used in
various clinical settings in which a clear effect on improved OS has not been shown.

Conclusions—ADT is associated with an increased risk of multiple side effects that may reduce
quality of life and/or OS. Consequently, these issues should be discussed in detail with patients
and their families before initiation of ADT. ADT should be used with knowledge of its potential
long-term side effects and with possible lifestyle interventions, especially in settings with the
highest risk–benefit ratio, to alleviate comorbidities.

Keywords
Prostate cancer; Hormonal therapy; Adverse effects; Radical prostatectomy; Radiotherapy

1. Introduction
Since the pivotal studies of Huggins and Hodges [1–3], which demonstrated that the
development and growth of prostate cancer (PCa) cells are dependent on androgens,
androgen deprivation therapy (ADT) has been increasingly utilized for the treatment of PCa.
Although relatively unknown, Paul Niehans from Switzerland published his 13-yr
experience with the prevention and treatment of PCa with ADT in 1940 [4], 1 yr prior to the
publications of Huggins and Hodges. ADT has historically been considered the treatment of
choice for advanced or metastatic PCa, but there are numerous other settings in which ADT
is used. These include administration in the neoadjuvant or adjuvant setting combined with
surgery or radiation therapy (RT) or when there is biochemical recurrence (BCR), defined as
a new rise of the prostate-specific antigen (PSA) serum level, after therapy with curative
intent. Additionally, hormonal therapy as the treatment of choice for localized disease has
gained in popularity. A 1999–2001 survey showed that primary ADT had become the
second most common treatment approach, after surgery, for localized PCa [5,6].

Smith noted in a recent publication that of 2 million men diagnosed with PCa in the United
States, approximately 600 000 (30%) receive ADT [7]. Because androgens are essential for
the physiologic activity of various body functions, the multitude of possible ADT side
effects include loss of libido, erectile dysfunction, fatigue, osteoporosis and induced skeletal
complications, hot flushes, altered body composition, arterial stiffness, new-onset diabetes
mellitus, and cognitive decline [8–14]. Even more striking are the findings of recent
publications highlighting that ADT may be associated with increased cardiovascular
morbidity and mortality [15–17]. This finding is of extreme importance because the use of
ADT for prolonging overall survival (OS) is unclear in several clinical scenarios [18];
however, another important aspect of ADT is palliation of symptoms related to advanced or
metastatic PCa [19]. Therefore, various end points beyond survival, such as quality of life
(QoL), must also be seriously considered.

The aim of this paper is to review the existing literature concerning ADT for PCa and to
understand the circumstances in which objective evidence exists that use of ADT is
beneficial for prolonging OS and/or improving QoL. The forms of hormonal therapy that are
most frequently used in daily practice, including orchiectomy, antiandrogens, and luteinizing
hormone-releasing hormone (LHRH) agonists (LHRHa), are considered. The benefits and
side effects of these therapeutic hormonal manipulations are presented. Although LHRH
antagonists are also used for the treatment of PCa [20], they are not considered in this article
because no long-term data are available.
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2. Evidence acquisition
A MEDLINE search was conducted to identify original articles and review articles
addressing the efficacy and the side effects of ADT for the treatment of PCa. Keywords
consisted of prostate cancer, hormonal therapy, adverse effects, radical prostatectomy, and
radiotherapy. All of the keywords are within the Medical Subject Headings (MeSH)
database, which represents the controlled vocabulary used for indexing articles for
MEDLINE and PubMed. The articles with the highest level of evidence for the various
examined end points were identified with the consensus of all of the collaborative authors
and were reviewed.

3. Evidence synthesis
3.1. Critical evaluation of the efficacy of androgen deprivation therapy in different clinical
scenarios

The different scenarios in which ADT is predominantly used are introduced, and the
efficacy of ADT is discussed. Table 1 summarizes different clinical settings in which
hormonal therapy has been evaluated and highlights the positive and negative results.

3.1.1. Androgen deprivation therapy combined with radiation therapy—The
beneficial role of ADT with external-beam RT (EBRT) has been repeatedly reported.
Several well-conducted randomized trials uniformly demonstrated a statistically significant
improvement in OS when EBRT was combined with ADT [21–23]. Consequently, the
combination of RT and ADT is widely accepted for patients with high-grade or locally
advanced PCa, which is also stated in the guidelines of the European Association of Urology
(EAU) [18] and of the American Urological Association (AUA) [24]. The duration of ADT
to achieve an optimal benefit is dependent on both the radiation dose and the risk profile of
the patient. If the local radiation dose is relatively low (60–70 Gy, as used in earlier trials),
ADT improves the local tumor control. This may be partially achieved by the direct effect of
ADT on the PCa cells. It has been demonstrated, however, that ADT makes androgen-
receptor expressing PCa cells more vulnerable to radiation in this setting [25]. This is
supported by prospective randomized trials in which the outcome was significantly better in
patients who were treated with RT and ADT, even if the patients received only 4 mo or 6 mo
of ADT at the time of RT [21]. In Radiation Therapy Oncology Group (RTOG) protocol
92-02 [26], patients with a Gleason score of 8–10 had a significant survival benefit when
treated with long-term ADT (28 mo) compared with patients treated with short-term ADT (4
mo). Based on the available literature, patients with low- and intermediate-risk PCa may be
sufficiently treated with short-term ADT combined with RT, at least if the local radiation
dose is <80 Gy. Conversely, poor-risk patients with locally advanced disease and high-risk
PCa may also profit from long-term ADT.

3.1.2. Androgen deprivation therapy combined with brachytherapy—ADT is
frequently used for prostate volume reduction before initiation of brachytherapy [27,28];
however, neoadjuvant ADT did not show an improvement in OS [29–31]. On the contrary, a
retrospective analysis suggested a significantly reduced OS rate when brachytherapy was
combined with neoadjuvant ADT [32]. Due to the retrospective nature of the study and other
methodologic limitations, these findings must be interpreted with caution. Men receiving
ADT, for example, had significantly more adverse PCa baseline features. Nevertheless, the
EAU and AUA guidelines state that there is no benefit from adding ADT to brachytherapy
[18,24].

3.1.3. Androgen deprivation therapy combined with radical prostatectomy—In
a recent Cochrane meta-analysis, the role of neoadjuvant ADT with radical prostatectomy
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(RP) was addressed. The conclusion of this analysis was that neoadjuvant ADT does
significantly improve adverse histopathologic parameters like pathologic tumor (pT) stage
or surgical margin stage but does not improve OS [33]. Accordingly, neoadjuvant ADT
before RP is not recommended in the EAU or AUA guidelines [18,24].

In the adjuvant setting after RP, an increase in biochemical-free survival and progression-
free survival (PFS) has been reported in favor of the adjuvant ADT treatment [34,35];
however, the effect on OS is unclear and seems to be highly dependent on the risk profile of
the patient. For example, patients receiving bicalutamide 150 mg/day immediately after
therapy with curative intent for early, nonmetastatic PCa had a significantly worse OS
compared with their counterparts receiving placebo [36]. In trials comparing immediate
versus deferred ADT for patients with low-risk disease, a significant difference in PFS has
been reported in favor of the intermediate arm [34,35]. When these patients progress,
however, they may have hormone-refractory or less hormone-sensitive disease while
patients on the deferred-hormone arm still have hormone-sensitive disease. Studies on PCa
cell lines demonstrated that early administration of hormonal therapy after failure of first-
line treatment is associated with a clonal selection of aggressive, androgen-independent PCa
cells [37]. Consequently, despite the significant differences in PFS, the cancer-specific
survival did not differ in these patients.

For patients undergoing RP and having lymph node invasion (LNI), an advantage in OS has
been reported for immediate ADT [38]. In this series, which was recently updated, 98
patients with nodal metastases were randomly assigned to receive immediate ADT versus
ADT at the time of distant metastases or of symptomatic recurrences. After a median follow-
up of 11.9 yr, patients in the immediate-ADT arm had a significantly improved OS (hazard
ratio [HR]: 1.84; p = 0.04) [39]. Delayed ADT was not given in case of PSA recurrence,
which many clinicians would recommend today, but at a much more advanced stage of the
disease. Moreover, two-thirds of the patients also had seminal vesicle invasion and/or
positive margins; as such, these patients were at a very high risk of recurrence, regardless of
the lymph node status. Consequently, the findings of the trial cannot necessarily be
transposed to any existing patients with a single microscopic metastasis in one or more of 20
lymph nodes because the prognosis for these patients may not be as poor as for those studied
[40]. Recently, Boorjian et al retrospectively analyzed the data of 507 patients with +N
disease after RP in the PSA era [41]. Patients who received adjuvant ADT had a statistically
significantly decreased risk of BCR and local recurrence. There was no statistically
significant difference, however, in the rate of systemic progression or of cancer-specific
survival between the two groups.

In summary, no proof currently exists that adjuvant ADT for pN0 PCa after RP prolongs
OS. Although immediate ADT is superior to delayed ADT at the time of clinical recurrence
in +N disease, it is not known whether a similar advantage could be seen in those who are
treated at the time of subclinical recurrence or on the basis of PSA parameters. Immediate
ADT in case of +N disease is considered to be an indication in the EAU guidelines, but it is
not explicitly recommended [18]. The AUA guidelines do not address this clinical setting
[24].

3.1.4. Androgen deprivation therapy as the primary therapy for prostate
cancer
3.1.4.1. Localized disease: No clear evidence supports the use of ADT for patients with
localized disease [19]. Iversen et al demonstrated that patients receiving bicalutamide 150
mg/day for the treatment of early, nonmetastatic PCa had a significantly worse outcome than
patients receiving placebo [36]. The authors concluded, “[I]n previously untreated patients
there may be a tumor burden below which endocrine therapy provides no benefit or may

Isbarn et al. Page 4

Eur Urol. Author manuscript; available in PMC 2011 May 10.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



even decrease survival.” In the above-mentioned EPC program, there was a trend toward
reduced OS for patients with localized disease who received 150 mg/day of bicalutamide
compared with the placebo-treated patients [35]. Therefore, and in accordance with the EAU
guidelines, the usage of bicalutamide as primary therapy for localized PCa is not indicated
[18]. In the AUA guidelines, primary ADT for the treatment of localized PCa is not
considered as a standard treatment option due to the lack of prospective data [24]. To date,
no evidence exists that ADT as primary therapy for localized PCa is in any way superior to
no therapy in terms of improving OS, and there are data suggesting reduced OS with ADT.

3.1.4.2. Locally advanced and metastatic disease: The Medical Research Council (MRC)
conducted a trial in which 938 patients with locally advanced or metastatic disease were
randomly assigned to immediate ADT versus deferred treatment until clinically significant
progression occurred [42]. Although an initial survival benefit was documented for the
immediate-treatment arm, it disappeared after longer follow-up [43]. Nevertheless, the
occurrence of adverse events such as pathologic fractures, spinal cord compression, and
ureteral obstruction were twice as frequent in the deferred arm; however, the patients in the
deferred arm had not been followed regularly, so part of these differences might be related
to inadequate follow-up. The largest randomized trial so far that compared immediate and
deferred ADT in patients not suitable for local treatment with curative intent was conducted
by the European Organization for Research and Treatment of Cancer (EORTC) [44]. In this
trial, there was a small but statistically significant difference in favor of immediate ADT. It
seemed, however, that the patients who died from cancer-related complications within 3–6
yr after randomization accounted for this difference. Thus, such patients may benefit from
ADT. Subgroup analyses showed that these are mostly the patients who have a PSA
doubling time (PSA DT) of <12 mo [45]. PSA DT is defined as the time it takes for the PSA
serum level to double. Notably, in the EORTC trial, the cancer-related complications were
apparently not much different in patients on the deferred arm compared with those on the
immediate arm. Because all the patients were regularly followed, metastases were detected
early and ADT was started immediately, explaining the small difference overall between the
two arms.

In another trial, patients with localized or locally advanced PCa were randomized to
bicalutamide (150 mg/day) or placebo in addition to standard care; so far, there is no
difference in OS [46]. Tyrrell et al demonstrated, however, that in patients with metastatic
PCa, the OS rate is significantly worse for patients receiving bicalutamide 150 mg/day
compared with those who are treated with castration [47]. A study that addressed the
tolerability, efficacy, and pharmacokinetics of bicalutamide pointed out that the dosage of
bicalutamide would have to be 450 or 600 mg/day if it were to be used as monotherapy in
patients with very advanced or metastatic disease to achieve an equal efficacy with
castration [48].

Because of the paucity of high-quality data from randomized controlled clinical trials, the
EAU guidelines state that definite recommendations are difficult to make as to when to start
hormonal therapy for patients with advanced PCa [18]. The AUA guidelines only address
the treatment of localized PCa, so no recommendations are made [24]. ADT is the treatment
of choice for patients with metastatic disease, although the literature analyzing deferred
treatment of asymptomatic M+ patients is sparse. Because median survival in metastatic
patients at diagnosis is now approximately 5–6 yr and further cancer progression can cause
severe adverse effects, the EAU guidelines suggest that ADT should only be delayed in
patients who strongly wish to avoid treatment-related side effects. In symptomatic M+ PCa
patients, ADT should be given immediately to palliate symptoms [18].
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3.1.5. Androgen deprivation therapy for recurrence after treatment with
curative intent—According to the EAU guidelines, ADT may be an option after RP for
selected patients in whom systemic progression is expected to prevent symptomatic
progression [18]; however, there are no objective data to clearly support this statement. The
EAU guidelines further state that local relapses may be treated more efficiently with salvage
RT [18]. Because the median time from PSA relapse to PCa-related death is 13 yr [49],
factors such as life expectancy, time to PSA relapse after surgery, and PSA DT after relapse
should be considered before proposing early ADT [50]. Many patients with a slow PSA
relapse may well be considered patients with a low tumor burden; thus, they may not benefit
from immediate ADT [36]. Accordingly, the EAU guidelines state that a period of watchful
waiting is appropriate, with ADT possible later [18]. As indicated above, this issue is not
addressed in the AUA guidelines [24].

3.2. Side effects and sequelae of hormonal therapy
Fig. 1 illustrates which body systems may be impaired by hormonal therapy. The list of
castration-induced side effects is long, so emphasis is placed on those that may be directly
related to increased morbidity and/or mortality.

3.2.1. Osteoporosis and fractures—Osteoporosis is an important medical problem in
men worldwide [51]. After age 45, approximately one in four men will experience a clinical
fracture [52]. Men suffer one-third of all hip fractures and are more likely to die following a
hip fracture. Hypogonadism, chronic glucocorticoid therapy, and alcohol abuse are the
major causes of acquired osteoporosis in men [53]. Smoking, low dietary calcium intake,
vitamin D deficiency, and sedentary lifestyle also contribute to risk for osteoporosis.

ADT is associated with greater risk for clinical fractures. In large population-based studies,
for example, use of LHRHa was associated with a 21–45% relative increase in the incidence
of clinical fractures [54–56]. Longer treatment duration confers greater fracture risk. Age
and comorbidity are also associated with higher fracture incidence in men with PCa.

ADT increases bone turnover [57] and decreases bone mineral density (BMD) [57–60], a
surrogate for fracture risk. During initial ADT, BMD on the hip and spine decrease by
approximately 3% per year. Most studies have reported that BMD continues to decline
steadily during long-term therapy.

Several small randomized controlled trials have demonstrated that bisphosphonates increase
BMD in men receiving ADT for PCa. Intravenous pamidronate significantly decreased
biochemical markers of bone turnover and increased BMD of the hip and spine in men
receiving LHRHa [57,61]. In a 12-mo multicenter placebo-controlled study of 106 men with
PCa, intravenous zoledronic acid increased BMD of the hip and spine by 3.9% and 7.3%,
respectively [62]. Similar results were reported with annual zoledronic acid [63]. In another
study, oral alendronate increased BMD of the hip and spine by 2.3% and 5.1% after 12 mo
[64]. It is not known, however, whether bisphosphonate substitution is equivalent to
nondemineralized bone.

Two large randomized placebo-controlled trials to prevent fractures during ADT were
recently completed. Denosumab is a human monoclonal antibody that binds and neutralizes
human receptor activator of nuclear factor-κB ligand (RANKL), a critical regulator of
osteoclast activation, differentiation, and survival. Denosumab is in development for the
treatment and prevention of postmenopausal osteoporosis, treatment-related osteoporosis in
men with PCa and women with breast cancer, and bone metastases. In a recently completed
global study, approximately 1500 men who are receiving ADT for PCa were randomly
assigned to either denosumab subcutaneously every 6 mo or placebo. The primary study end
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points are BMD and new fractures. Toremifene is a selective estrogen receptor modulator
approved for the treatment of advanced breast cancer. In a recently completed multicenter
study, approximately 1400 men in the United States and Mexico who are receiving ADT for
PCa were randomly assigned to either toremifene or placebo. The primary study end point is
new vertebral fractures. Secondary end points include BMD, serum lipids, vasomotor
flushing, and breast symptoms. Complete results from both studies are expected this year.

3.2.2. Obesity and sarcopenia—Androgens are important determinants of body
composition in men. In healthy men, serum testosterone levels correlate positively with lean
body mass and negatively with fat mass [65]. ADT significantly decreases lean body mass
and increases fat mass in men with PCa [9,10,12,66,67]. In two prospective studies of men
with nonmetastatic PCa, for example, ADT decreased lean body mass by 2.7–3.8% and
increased fat mass by 9.4–11.0% from baseline to 1 yr (p < 0.001 for each comparison)
[12,67]. Changes in body composition appear primarily as an early adverse event, with most
of the treatment-related changes in fat and lean body mass apparent within the first year of
therapy [68]. ADT increases subcutaneous rather than visceral fat [12].

Sarcopenia is associated with frailty and increased risk of falls in older men [69].
Accordingly, ADT may increase fracture risk by decreasing BMD and muscle mass.
Treatment-related sarcopenia may also contribute to fatigue and decrease QoL.

3.2.3. Lipid alterations and insulin resistance—ADT increases serum cholesterol
and triglyceride levels [67,70]. In a prospective 12-mo study of 40 men with PCa, for
example, ADT increased serum total cholesterol, low-density lipoprotein (LDL) cholesterol,
high-density lipoprotein (HDL) cholesterol, and triglycerides by 9%, 7%, 11%, and 27%,
respectively [67]. Most but not all of the observed long-term adverse effects of serum lipids
are apparent within the first 3 mo of treatment [11].

Insulin resistance is a common metabolic abnormality that underlies type 2 diabetes mellitus
and is prevalent in about one-quarter of nondiabetic men [71]. Insulin resistance is also an
independent risk factor for cardiovascular disease [72,73]. ADT increases fasting plasma
insulin levels—a marker of insulin resistance in men with PCa [10,74]. In a 12-wk
prospective study of nondiabetic men, ADT significantly decreased insulin sensitivity [11].
The longer term effects of ADT on insulin sensitivity are unknown.

3.2.4. Metabolic syndrome—The metabolic syndrome is a clustering of specific
cardiovascular-disease risk factors for which pathophysiology appears to be related to
insulin resistance. The National Cholesterol Education Program's Adult Treatment Panel
(NCEP ATP III) defines the metabolic syndrome in men as any three or more of the
following factors: waist circumference >102 cm, serum triglycerides ≥1.7 mmol/l, blood
pressure ≥130/80 mmHg, HDL cholesterol <1.0 mmol/l, or serum glucose ≥6.1 mmol/l. The
World Health Organization (WHO) defines the metabolic syndrome using different but
related criteria [75].

A cross-sectional study reported a higher prevalence of the metabolic syndrome (as defined
by NCEP ATP III) in 18 men receiving ADT compared with age-matched control groups of
untreated men with PCa and men without PCa [76]. Men receiving ADT were more likely to
have increased abdominal girth, elevated triglycerides, and elevated fasting plasma glucose.
These findings were consistent with results of published prospective studies. In contrast to
the metabolic syndrome, however, prospective studies have shown that ADT preferentially
increases subcutaneous rather than visceral fat, increases rather than decreases HDL
cholesterol, and does not alter blood pressure or waist–hip ratio [67]. Additionally, the
metabolic syndrome is characterized by low levels of adiponectin and elevated markers of
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inflammation. Conversely, ADT significantly increases serum adiponectin levels and does
not alter levels of C-reactive protein or other markers of inflammation [77,78]. Taken
together, these observations suggest that ADT causes a pattern of metabolic changes that is
distinct from the classically defined metabolic syndrome.

There may be practical implications of distinguishing the phenotype of men receiving ADT
from the classic metabolic syndrome. In the general population, the label of the metabolic
syndrome is applied to indicate risk for cardiovascular disease. The metabolic syndrome,
however, is not precisely defined and has little or no independent value as a marker of
cardiovascular disease [79,80]. In other words, the composite definition of the metabolic
syndrome is no greater than the sum of its parts. Given this limitation, the management of
men with PCa should focus on evaluation and treatment of specific risk factors without
concern for whether an individual meets diagnostic criteria for the metabolic syndrome.

3.2.5. Diabetes and cardiovascular disease—A landmark study evaluated the
relationship between ADT and incident diabetes mellitus and cardiovascular disease using
the linked Surveillance, Epidemiology, and End Results (SEER) and Medicare database
[15]. The study included the records of 73 196 men diagnosed with local or local-regional
PCa between 1992 and 1999. The primary outcomes were new diagnosis of diabetes
mellitus, new cardiovascular disease, and admission or myocardial infarction. Cox
proportional hazards models with time-varying treatment variables and time-varying
covariates were used to assess the relationship between LHRHa or orchiectomy and primary
study outcomes. About one-third of the men received treatment with LHRHa. The
unadjusted rates of incident diabetes, coronary heart disease, and myocardial infarction were
higher for men receiving LHRHa than for untreated men. After controlling for other
variables, current use of LHRHa was associated with a significantly increased risk of
incident diabetes (adjusted HR: 1.42; p < 0.001), coronary heart disease (adjusted HR: 1.16;
p < 0.001), and admission for myocardial infarction (adjusted HR: 1.11; p = 0.03) compared
with men who did not receive ADT. Similar results were obtained using the propensity score
methods to match treated patients with similar untreated patients, suggesting that potential
differences in baseline characteristics between the groups are unlikely to explain the
observed significant associations.

A subsequent study using the SEER–Medicare database reached similar conclusions [16].
The study evaluated 22 816 men diagnosed with PCa between 1992 and 1996. Multivariate
models were used to assess the risk of incident cardiovascular morbidity. Men who received
ADT for at least 1 yr were found to have a 20% greater risk for new cardiovascular disease
compared with their respective counterparts who were not exposed to any form of ADT.
Consistent with the observations of Keating et al [15], greater risk for cardiovascular
morbidity was apparent in men with both short-term and long-term exposure to ADT.

Whether the observed association between ADT and incident cardiovascular mortality is
accompanied by greater cardiovascular mortality is not entirely clear. Several recent studies
provide insights into the possible relationship between ADT and cardiovascular mortality in
men with PCa.

Recently updated results of a RTOG study (protocol 8610) show no statistically significant
association between short-term ADT and cardiovascular mortality [81]. Overall, 456 men
with locally advanced PCa were randomly assigned to RT with or without neoadjuvant and
concomitant ADT. Combined treatment with RT and ADT significantly improved disease-
free survival (HR: 1.52; p = 0.009) but not OS. There were a total of 348 deaths; 57 were
classified as cardiovascular deaths. Combined modality treatment was associated with a
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slightly higher rate of cardiovascular mortality (11% vs 14%) without reaching statistical
significance (p = 0.4).

The EORTC trial 30891 randomized 985 men with newly diagnosed PCa T0-4 N0-2 M0 to
either immediate ADT (n = 493) or ADT at symptomatic disease progression or occurrence
of serious complications [44]. Baseline characteristics were similar between the groups. At a
median follow-up of 7.8 yr, 541 of 985 patients had died, mostly of PCa (n = 193) or of
cardiovascular disease (n = 185). The overall survival HR was 1.25 (95% CI: 1.05–1.48; p <
0.01), favoring immediate treatment and seemingly due to fewer deaths from non-PCa
causes (p = 0.06). Rates of cardiovascular mortality were not statistically significantly
different between the immediate and the deferred ADT groups (17.9% vs 19.7%).

In contrast, analyses of the Cancer of the Prostate Strategic Urologic Research Endeavor
(CaPSURE) database suggested that neoadjuvant or adjuvant ADT was associated with
higher rates of cardiovascular death [17]. The analyses included a total of 4890 men (1015
received ADT) and 131 fatal cardiovascular events. Greater risk of cardiovascular death was
observed in the subset of men who underwent RP (adjusted HR: 2.6; 95% CI: 1.4–4.7; p =
0.002) but not in the overall study population. The authors suggested that this inconsistency
might be explained by the fewer patients and the fewer events in the non-RP group, which
limited the power of the analysis to detect a statistically significant increase in the incidence
of cardiovascular deaths related to ADT use. A pooled analysis of three randomized
controlled trials (n = 1372) of RT with or without ADT for immediate- and high-risk PCa
also showed that ADT was statistically significantly associated with shorter time to fatal
myocardial infarction [82]; however, the overall rate of cardiovascular death was not
statistically significantly different between the different treatment arms. Moreover, the
analyses included only 51 primary events, and the association was observed only in a subset
of men >65 yr.

Longer duration of LHRHa therapy was not associated with greater risk for cardiovascular
mortality in recent analyses of RTOG 92-02, a randomized trial of 1554 men treated with
short-term versus long-term adjuvant goserelin and RT for locally advanced PCa [83]. Cox
regression analyses were performed to evaluate the relationship between the treatment arms
and cardiovascular mortality. Covariates included age, prevalent cardiovascular disease,
hypertension, diabetes, race, PSA level, Gleason score, and stage. Overall, there were 185
cardiovascular-related deaths. There was no increase in cardiovascular mortality for men
receiving longer duration of ADT. In multivariate analyses, traditional cardiovascular-
disease risk factors (including age, prevalent cardiovascular disease, and diabetes mellitus)
but not the duration of ADT were associated with significantly greater cardiovascular
mortality.

In summary, the available literature indicates that even short-term usage of ADT (≤6 mo)
may be associated with increased cardiovascular morbidity; however, a clear cut-off for the
minimum duration of ADT exposure to cause this adverse event has not been identified.
Moreover, the results of the studies addressing cardiovascular mortality are inconsistent.
Notably, any increase in cardiovascular mortality–associated ADT would likely be smaller
than the observed 16–20% excess risk for incident cardiovascular morbidity observed in the
SEER–Medicare studies. The retrospective studies described above included between 57 and
185 fatal cardiovascular events. Retrospective analyses of relatively small studies may be
inadequate to detect a modest increase in cardiovascular mortality. Similarly, exploratory
analyses of small datasets are prone to chance observations in this setting [84]. Both issues
should be taken into account when considering these reports.
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3.2.6. The effect of the form of hormonal treatment on treatment-related side
effects—Because there are currently three different hormonal approaches (LHRHa,
orchiectomy, and antiandrogens), it may be possible that a particular approach is less likely
to induce severe side effects; however, the most predominantly used form of hormonal
therapy is LHRHa. Literature regarding antiandrogens is sparse, and there are virtually no
studies evaluating the side effects of orchiectomy-induced hypogonadism alone.
Consequently, it is difficult to compare these approaches. Any form of hormonal therapy
either lowers the testosterone level or blocks the testosterone receptors; therefore, it is likely
that any form of hormonal therapy may be associated with some sort of treatment-related
morbidity. Due to a paucity of available data, definite comparisons cannot be made.

3.2.7. The effect of intermittent androgen deprivation therapy on treatment-
related side effects—Intermittent ADT is one approach to hormonal therapy for PCa that
has been developed with the aim of minimizing the treatment-related side effects while
maximizing the clinical outcome and the patient's QoL [85,86]. The potential advantages of
intermittent ADT over continuous ADT are 3-fold. First, intermittent ADT may be
associated with a reduced incidence of side effects and, consequently, improved QoL.
Second, intermittent ADT may be associated with a prolonged period of androgen
dependence of the PCa cells. Third, intermittent ADT is more cost efficient than continuous
ADT. Studies comparing intermittent versus continuously administered ADT have
demonstrated a reduced incidence of side effects in favor of the intermittent approach.
Intermittent ADT, for example, was associated with recovery of BMD in the off-treatment
phase [87], a beneficial effect on cognitive function and depression [88,89], and an overall
increase in general health-related QoL [90]. This is based on the fact that testosterone levels
recover during off-treatment phases [91]. Because the majority of these studies are limited
by relatively small sample sizes, it is currently unclear whether intermittent ADT may also
reduce the incidence of severe side effects such as diabetes and cardiovascular morbidity.

4. Conclusions
Although ADT was initially applied for treatment of metastatic disease, the number of
patients receiving hormones for the treatment of clinically organ-confined and locally
advanced disease is continually rising. ADT is now the second most common approach,
after surgery, for the treatment of clinically organ-confined PCa in the United States [5,6].
As highlighted in Table 1, there are only three clear indications for the use of ADT: (1) to
support EBRT in high-risk patients, which prolongs patients’ OS [21–23]; (2) to downsize
the prostate gland before starting brachytherapy (although in this setting ADT does not
prolong patients’ OS) [27–31]; and (3) to minimize the risk of fatal cancer-related
complications and palliation of symptomatic disease in patients with advanced metastatic
disease [18,42]. Additionally, ADT may effectively prolong OS in patients with N+ disease
after RP, although the optimal time point to initiate therapy is less clear and studies have
produced conflicting results [38,39,41]. The monitoring of the PSA DT might be as effective
and reasonable as the use of ADT. Moreover, there is a lack of definitive evidence that ADT
is beneficial in all other scenarios in which it is currently used.

ADT is associated with an increased prevalence of various adverse events, such as anemia,
decreased cognitive function, impotence, and osteoporosis. ADT is also associated with
obesity, sarcopenia, metabolic alterations, and greater risk for diabetes and cardiovascular
disease [7–17,54,55,59,67,68,76,82,83,92–95]. This constellation of adverse effects may
have important consequences for a population of men who are already at risk for a variety of
chronic medical conditions. These risks do not exclusively apply to long-term use of ADT;
even short-term use of ADT may induce some of these conditions [17,74,82]. Moreover,
ADT in the form of medical castration is costly. A recent report indicated that the costs
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associated with ADT medication use were as high as $1.2 billion in the United States in
2003 [96]. Finally, the early use of ADT after failure of first-line therapy is associated with a
clonal selection of aggressive, androgen-independent PCa cells [37], which may lead to an
earlier occurrence of an androgen-independent stage of the disease.

In the light of the above-mentioned data, the progressive increase in popularity of hormonal
therapy remains intriguing. There are several possible explanations for this phenomenon.
Due to the advent of PSA use, most patients in Western countries with a first diagnosis of
PCa present with clinically localized disease [97]. Because these tumors usually have a long
natural history, interventions such as surgery or RT may be regarded as overtreatment,
especially in older patients and patients with comorbidities. Therefore, many urologists may
be reluctant to offer what they consider to be aggressive therapy, such as RP, to patients
with significant comorbidities and may prefer using ADT [98].

Another explanation could be that many patients are very concerned when they are
diagnosed with PCa or with BCR after therapy with curative intent, and it is a difficult task
to assure them that not every detected PCa or BCR requires treatment; many such patients
may demand therapy. Some form of treatment, such as ADT, may be offered to patients
despite lack of evidence-based proof of a positive impact on OS. Although this explanation
is speculative, it does not sound unrealistic to say that if surgical castration were still the
standard form of ADT, a substantial number of present indications would certainly be
reconsidered. From a practical point of view, it seems advisable to consider further clinical
parameters, such as the PSA DT, in those clinical settings before recommending ADT,
which may help to identify patients at high risk of disease progression [45].

There is clear geographic variability in the use of ADT [99]. Moreover, the treating
physician seems to have a non-negligible effect on the particular treatment decision. Patients
of nonacademically active urologists, for example, are significantly more likely to receive
primary ADT for localized PCa [100]. Financial interests may also be a factor influencing
the choice of administered treatment. A study from the United States demonstrated that the
use of LHRHa significantly decreased with a decrease in reimbursement [96]. Conversely,
the administration of surgical castration, which is regarded as much more cost effective,
simultaneously increased.

In summary, it is obvious that a substantial number of patients are exposed to ADT without
evidenced-based proof of efficacy. Because ADT may lead to numerous side effects and
because medical castration is costly, it may be inappropriate to offer ADT in some clinical
settings. Although the majority of the possible side effects are not life threatening, they may
substantially affect patients’ QoL. Physicians should discuss the possible benefits and side
effects in detail with patients prior to starting ADT and especially before starting ADT for
localized PCa or biochemical failure after definite therapy, as these patients have the highest
risk–benefit ratio. Physicians should educate patients and other health care providers about
the potential harms and consider greater intensity of screening for osteoporosis, diabetes,
and cardiovascular disease [101].
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Fig. 1.
Side effects of androgen deprivation therapy (ADT).
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Table 1

Clinical settings for the use of androgen deprivation therapy (ADT) in current clinical practice

Clinical setting Effect

Combination with external-beam radiation
therapy

• Improves overall survival of patients with locally advanced or high-risk prostate cancer

Neoadjuvant before low-dose and high-dose
brachytherapy

• Downsizing of the prostate can efficiently be achieved

• No proof of survival benefit

Neoadjuvant before radical prostatectomy • Lowers adverse histopathologic features in the prostatectomy specimen but does not
prolong overall survival

Adjuvant after radical prostatectomy • Improves progression-free survival and cancer-specific survival but does not prolong
overall survival in N0 patients

• Immediate ADT vs deferred ADT may improve overall survival in N+ patients

Organ-confined prostate cancer • No proof that ADT vs no therapy at all improves overall survival

• Usage of bicalutamide may reduce overall survival

Locally advanced prostate cancer • Immediate ADT vs deferred ADT significantly reduces cancer-related complications and
may show a small overall survival benefit, especially in high-risk patients

• Optimal timing of ADT remains unclear

Biochemical failure after therapy with curative
intent

• No proof that immediate ADT vs deferred ADT prolongs overall survival; timing of ADT
remains unclear

Metastatic prostate cancer • Immediate ADT may improve quality of life in symptomatic disease but does not prolong
overall survival
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