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Abstract
Prostate cancer is the most common malignancy in older men. With the aging of the population,
the number of older men with prostate cancer will grow rapidly. Androgen deprivation therapy
(ADT) is the mainstay of treatment for men with systemic disease and is increasingly utilized as
primary therapy or in combination with other therapies for localized disease. Side effects of
therapy are multifold and include hot flashes, osteoporosis, and adverse psychological and
metabolic effects. Recent research has illustrated that ADT can negatively impact the functional,
cognitive, and physical performance of older men. Patients with prostate cancer, despite
recurrence of the disease, have a long life expectancy and may be subjected to the side effects of
ADT for many years. This review highlights the complications of ADT and approaches to
management. We also provide recommendations for assessment and management of ADT
complications among the most vulnerable and frail older male patients.
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1. Introduction
Prostate cancer is an age-associated disease. Over 70% of all cases of prostate cancer are
diagnosed in men over 65 years of age, and the median age of men with prostate cancer is 79
years [1,2]. The risk of developing prostate cancer increases from 1 in 45 for those aged 40–
59 years to 1 in 7 for those aged 60 or over [3]. Due largely to the use of more sensitive
diagnostic techniques, particularly prostatic specific antigen (PSA) testing, prostate cancer is
now diagnosed more frequently and at earlier stages [4]. Older men are more likely to be
diagnosed with low- or intermediate-grade localized prostate cancer which may not impact
their life expectancy, and thus a majority of older men with prostate cancer die from other
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diseases [5,6]. The potential lack of impact on life expectancy of untreated prostate cancer is
illustrated by the high prevalence of the disease in autopsies. The prevalence of previously
undetected prostate cancer in autopsies is from 10 to 20% in men between 50 and 60 years
and is as high as 50% in men between 70 and 80 years [7,8]. It is estimated that due to the
aging of the population, the prevalence of prostate cancer will quadruple by 2030 [9]. As a
result, the use of prostate cancer therapies that adversely affect quality of life (QOL) is
likely to increase. In addition, persons over the age of 80 are the fastest growing subgroup of
the population [10]. These statistics portend an increasing number of older men, especially
those in the “oldest-old” age group, with diagnosed prostate cancer who will likely
experience complications from treatment for this disease.

Androgen deprivation therapy (ADT) is the most widely used therapeutic modality in
prostate cancer [11]. Androgen suppression can be achieved by means of orchiectomy or the
use of gonadotropin-releasing hormone agonists. ADT is the mainstay of initial therapy for
systemic disease whether it is biochemical recurrence (i.e., PSA-rise only) after definitive
localized therapy or overt metastatic disease. Although the timing of initiation of treatment
for patients with asymptomatic disease recurrence is controversial [11,12], ADT is
nonetheless increasingly employed earlier in the disease course [13–15]. While older men
with prostate cancer have a higher incidence of low-risk disease characteristics, they are
more likely to be treated with ADT than other modalities including watchful waiting [4,16].
ADT is increasingly being used as monotherapy or in combination with other modalities for
clinically localized disease [17]. When initiated for systemic disease or as monotherapy for
clinically localized disease, ADT is typically continued life-long, and many men live with
the side effects of ADT for many years [18]. Commonly recognized adverse effects include
hot flashes, decreased libido, and erectile dysfunction, and patients are often warned of these
three common side effects [19]. However, there are numerous other potential complications.
The impact of ADT on osteoporosis including risk of fracture has been well-described. More
recently, ADT has been linked to worsening of comorbidities including diabetes and
cardiovascular disease, especially in those patients who had these underlying conditions
prior to initiation of treatment. The prevalence of functional, cognitive, and physical
impairments in an at-risk population of elderly prostate cancer patients undergoing treatment
with ADT is not as well-documented but has been illustrated in recent research [20–22].

Due to the potential interactions between age and ADT, it is imperative to recognize those
side effects that can differentially affect the QOL and function of elderly men with prostate
cancer and develop an approach to management that accounts for these issues. This review
will provide an overview of common complications from ADT, provide recommendations
for management, and highlight specific concerns for the geriatric population.

2. Forms of androgen deprivation therapy and efficacy in older prostate
cancer patients

The American Society of Clinical Oncology (ASCO) Recommendations for Initial
Hormonal Management of Androgen-Sensitive Disease defines ADT as “a treatment or
procedure in which the androgen receptor of target cells is not activated via either reduction
of testosterone production or androgen receptor blockade” and furthermore states that ADT
“encompasses castration, antiandrogen therapies, and combinations thereof [23].”

Androgen deprivation can be achieved through several mechanisms with varying effects on
peripheral testosterone levels. Dating back to the 1940s, bilateral orchiectomy was done to
lower testosterone to castrate levels (<50 ng/ml). Prior to the advent of pharmaceutical
mechanisms to achieve castrate-level hormones, orchiectomy had wide acceptance, and it is
associated with the rapid onset of palliation, low cost, and lack of dependence on patient
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compliance. Although the procedure is well-tolerated with a low risk of infection, pain, or
bleeding, the emotional burden associated with the permanence of physical castration
instigated a search for other means of androgen deprivation.

The FDA approved the use of the first LHRH agonist in 1985. LHRH, released in pulses by
the hypothalamus, triggers the release of FSH (follicle stimulating hormone) and LH
(luteinizing hormone). A meta-analysis of the literature found no significant difference in
outcomes between LHRH agonist use and orchiectomy [24]. LHRH agonist therapy is
extremely expensive, with estimates of costs as high as $230 million dollars per year
[25,26]. Unlike orchiectomy, testosterone levels can rise 4–6 months after cessation of
LHRH agonist therapy, although not always to baseline levels [27]. However, the elderly are
more likely to experience prolonged castrate levels of testosterone despite discontinuation of
treatment and are less likely to have testosterone return to baseline levels [28].

Other methods to achieve androgen deprivation include DES, nonsteroidal antiandrogens,
and steroidal antiandrogens. DES, a semi-synthetic estrogen compound, reduces testosterone
to castrate levels within 2 weeks by inhibiting LHRH production from the hypothalamus.
DES is not currently commercially available in North America. The nonsteroidal
antiandrogens (bicalutamide, flutamide, and nilutamide) interfere competitively with
androgen binding to the androgen receptor. As a result, testosterone levels are not reduced
with these therapies and may actually increase. Data suggests that use of these agents as
monotherapy may not be as effective as castration [29]. Nonsteriodal antiandrogens as single
agents have different toxicity profiles than that of castration. Side effects, however, are
generally reversible with discontinuation of therapy.

Options for androgen deprivation strategies generally include agents described above as
monotherapy, a combined therapy approach (usually castration combined with
antiandrogen), or intermittent androgen therapy. The rationale for combined therapy is that
more complete androgen suppression can be achieved when an antiandrogen is added
because castration, although it reduces testosterone levels, does not eliminate androgen
production from the adrenal glands. Several meta-analyses and reviews have provided
conflicting data [30–33]. The American Society of Clinical Oncology (ASCO)
recommendations for the initial hormonal management of androgen-sensitive prostate cancer
reviewed the available data. Although the panel felt that a small survival advantage may be
present with combined androgen blockade versus castration alone, the use of this approach
is associated with greater toxicity and is less cost effective [11].

Intermittent ADT describes a treatment approach in which LHRH agonist or combined
therapy (LHRH agonist plus an antiandrogen) is initiated in a cyclical pattern depending on
PSA levels. Treatment periods are cycled with off-treatment periods in which the PSA is
allowed to rise to a predetermined level prior to ADT re-initiation. The benefits of this
approach have not yet been proven in a prospective randomized trial, although some small
studies suggest better sexual function and QOL during the off-period treatment [34]. Follow-
up of two large randomized trials that are evaluating the efficacy and QOL differences
between intermittent and continuous ADT is ongoing.

This review will further discuss complications of ADT and their management. Although side
effects of all modes of therapy will be discussed, complications from castration will serve as
the central focus.
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3. Management of ADT effects on neuroendocrine and neuropsychological
health
3.1. Hot flashes

Hot flashes, also known as hot flushes, significantly affect the quality of life (QOL) of
patients who receive ADT. Hot flashes are sudden uncomfortable sensations of warmth in
the face, neck, upper chest, and back, often accompanied by redness, profuse sweating,
nausea, and anxiety. Although the exact etiology remains unclear, some have proposed that
the decrease in testosterone secretion inappropriately stimulates the hypothalamic
thermoregulatory center resulting in peripheral vasodilation [19,35]. Hot flashes, which for
the most part occur spontaneously, may be triggered by stress, poor sleep, hot weather,
changes in body position, or ingestion of hot liquids. Duration can last anywhere from
seconds up to an hour in the most severe cases.

Hot flashes affect 58–80% of patients receiving ADT, with differing levels of severity
[36,37]. A proportion of patients (15–27%) describe hot flashes as the most significant
adverse QOL effect from ADT [38,39]. Debilitating hot flashes can result in ADT
discontinuation. Hot flashes tend to become more frequent 3 months after starting treatment
and persist long-term for most patients, contrary to the perception that they become less
severe over time [19]. Although some scales to determine severity of hot flashes have been
developed, none has been universally adopted. Nevertheless, practitioners should inform the
patient about this potential side effect and, as a first step, have the patient keep a diary of the
frequency and severity of events. A commonly utilized scale to keep track of hot flashes was
developed by Moyad (Table 1) [40]. The frequency and severity of hot flashes should guide
a discussion of interventions, but many men who suffer from hot flashes are not interested in
taking medication [41,42].

Alternative or complementary therapies may alleviate mild-to-moderate hot flashes (and
sometimes even severe hot flashes). Acupuncture is thought to work by raising serotonin
levels which alter the temperature set point in the hypothalamus. Frisk et al. found that hot
flashes were decreased in 29 men who received electrostimulation or traditional acupuncture
weekly for 12 weeks [43]. In a study evaluating longer-term effects of acupuncture, 196
persons, predominantly with breast and prostate cancer, with a mean of 16 flashes per day,
were taught to perform self-acupuncture for up to 6 years [44]. Following treatment, 114
(79%) achieved a 50% or greater reduction in hot flashes. Although acupuncture is an option
for patients, larger and longer-term studies with defined placebo-control groups are required
to determine the impact of acupuncture on hot flashes in older patients with prostate cancer
receiving ADT.

Dietary supplements such as soy, black cohosh, and crushed flaxseed have also been
investigated as therapies for reducing the severity of hot flashes in various populations [41].
In small randomized studies, these dietary supplements have been shown to help with hot
flashes suffered by menopausal women [45–47]. These dietary interventions require more
study in prostate cancer patients on ADT, but these supplements have not been shown to be
harmful and may be helpful for some patients with mild-to-moderate hot flashes. On the
other hand, one dietary supplement that had been previously recommended for palliation of
hot flashes, Vitamin E at 400 IU twice daily, has now been shown to be associated with
increased all-cause mortality and may have negative effects on cardiovascular health
[48,49].

For those men who are motivated to reduce hot flash frequency and severity, hormonal and
non-hormonal pharmacologic approaches are available. Hormonal approaches include
progestational agents such as megestrol acetate, depot medroxyprogesterone, or estrogenic
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agents such as diethylstilbestrol or transdermal estrogen. Megestrol acetate is commonly
utilized for the treatment of hot flashes in men receiving ADT and has been reported to
reduce hot flashes by up to 85% [50]. A few case reports describe progression of prostate
cancer with megestrol acetate; therefore, monitoring of disease is important [51,52]. Depot
medroxyprogesterone acetate (MPA) has been studied as an intervention to reduce hot
flashes in men on ADT. A multi-institutional retrospective study reviewed the efficacy of
150 mg or 400 mg IM of MPA in men on ADT [53]. Over 90% of patients had symptomatic
improvement, and 48% achieved complete elimination of hot flashes. Side effects related to
progestin use include sexual dysfunction, salt retention, and weight gain, although in general
the medication is very well-tolerated. Estrogen therapies such as DES or transdermal
estrogen can be effective in managing hot flashes, but benefits should be weighed carefully
against toxicities and risks. Although the standard dose of DES is 1 mg/day, lower doses are
effective and are associated with lower toxicity [54]. Cardiovascular complications
including thromboembolism, myocardial infarction, and stroke are the main serious
toxicities of DES at higher doses but may be less at lower dose levels. Although DES is not
commercially available in the United States, low doses can often be prepared by a
compounding pharmacist. Transdermal estrogen has also been used with success [55].
Gynecomastia and nipple tenderness can be significant consequences of estrogen therapy,
and patients who choose to be treated should be offered prophylactic breast irradiation to
prevent breast enlargement.

Non-hormonal treatments for hot flashes include antidepressants and gabapentin. Those
antidepressants that are thought to have some efficacy generally fall in the class of the 5-
hydroxytryptamine (5-HT) reuptake inhibitor family. The starting dose of sertraline is 25
mg/day, titrating by 25–75 mg/day or 100 mg/day as needed. Studies evaluating the efficacy
of sertraline as a treatment for hot flashes caused by hormonal treatment for breast cancer
have resulted in mixed outcomes [56,57]. One case report describes sertraline’s efficacy in
relieving hot flashes in a man with advanced prostate cancer receiving ADT, but no other
published studies are currently available [58]. Several small uncontrolled studies of
venlafaxine HCl have demonstrated anywhere from a 50 to 68% reduction in hot flashes in
breast or prostate cancer patients [59,60]. In a randomized study, the 75 mg dose has been
associated with an approximately 60% reduction in hot flashes as compared to placebo in
breast cancer patients [61]. Although currently no randomized placebo-controlled study of
5-HT uptake inhibitors in the treatment of hot flashes in men with prostate cancer has been
published, the medications are generally well-tolerated and may have the added benefit of
combating the psychological effects of ADT. Most recently, gabapentin has shown some
promise in palliating hot flashes. Randomized controlled studies have shown that gabapentin
at higher dose levels (900 mg/day) can cause a 45–50% reduction in hot flash frequency and
severity scores in women with breast cancer or menopausal symptoms [62,63]. No
randomized placebo-controlled study investigating gabapentin for men experiencing hot
flashes from ADT has been published.

In summary, hot flashes can be a significant side effect for men on ADT and may result in
discontinuation of therapy. There is some support for the use of medroxyprogesterone
acetate, antidepressants, and gabapentin in palliating hot flashes, and these medications are
generally well-tolerated. Larger randomized, placebo-controlled, double-blind studies are
still needed to study the efficacy of these drugs and complementary approaches for men with
prostate cancer on ADT. In addition, the risk of adding a medication for older men who may
already be taking multiple medications and who may be more prone to side effects requires
more study. Table 2 provides a summary of approaches for treating hot flashes.
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3.2. Anemia
Normocytic normochromic anemia is a commonly encountered problem in men receiving
ADT and may be associated with adverse QOL effects, especially fatigue which may
contribute to frailty. Testosterone and other androgens stimulate erythroid stem cells and
erythropoiesis, and a decrease in testosterone can cause anemia [38]. One study noted a
greater than 10% decline in hemoglobin in 90% of patients with 13% experiencing a drop of
25% or more [64]. Other studies indicate that the majority of subjects experience a decline
to 25–28 g/L within 4–6 months of ADT initiation [65,66]. Anemia tended to be even worse
in those patients with combined androgen blockade than with LHRH agonist alone.
Improvement in hemoglobin occurred slowly after cessation of therapy. Patients should be
assessed for other risk factors for anemia prior to starting ADT (such as B-12, folate, or
iron-deficiencies), and the underlying causes should be addressed in men with anemia prior
to ADT initiation. Although subcutaneous recombinant human erythropoietin may correct
anemia, the risk of this therapy is likely higher than the benefit [67,68].

3.3. Sexual health side effects
One of the most significant consequences to both men on ADT and their partners is effects
on sexual function. ADT impacts both erectile function and libido. These effects are directly
linked to testosterone decline and as a result, sexual side effects occur usually within the
first year of ADT initiation [19]. Androgens are critical for penile-tissue development,
growth, and maintenance of erectile function. In hypogonadal men, androgen
supplementation improves overall sexual function in hypogonadal patients, nocturnal penile
tumescence, erectile function (in patients who did not respond to phosphodiesterase type 5
inhibitor therapy initially) [69], and the well-being, mood, energy, and sexual function in
aging men [70].

Erectile dysfunction (ED) is defined as a persistent inability to initiate or maintain an
erection. Severity of ED is definitely worsened with continuous or combined androgen
deprivation modalities. Monotherapy with single agent antiandrogen and intermittent
androgen deprivation have been associated with better sexual outcomes. Long-term ADT
causes a decrease in the frequency, rigidity, duration, and volume of erections during
nocturnal penile tumescence measurement [71].

There are a number of potential therapies for ADT-associated sexual dysfunction. Standard
treatments for erectile dysfunction may work in men with impotence from ADT. Oral
phosphodiesterase inhibitors such as sildenafil, tadalafil, and vardenafil are options,
although ADT may negatively influence the response to these medications [72]. These
medications are also not recommended for men with significant coronary artery disease or
those on nitrate therapy, both of which are more common in older men. Despite the current
lack of long-term evidence of benefit in improvement of erectile dysfunction or libido,
medical management is recognized as first-line therapy in men on ADT without
contraindications to therapy [38]. Non-pharmaceutical modalities for treatment include
mechanical erectile dysfunction therapies such as vacuum constriction devices,
intracavernosal injections, and penile prostheses. In a Cochrane review of interventions to
improve sexual function after treatment of cancer, phosphodiesterase-inhibitors after
localized treatment for prostate cancer was found to be effective in treating ED (odds ratio,
10.09; 95% confidence interval, 6.20–16.43), although there was no significant consistent
positive benefits with mechanical interventions [73]. In a survey of prostate cancer survivors
with ED, although 85% complained about ED, only about one-third noted improvement with
interventions [74]. Little is still known about the efficacy of these interventions in men on
ADT.
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Loss of sexual desire or libido is a common side effect of ADT and can negatively impact a
man’s sexuality and self-identity [75]. Not all men have loss of libido, suggesting other
underlying factors may impact severity such as age, fitness, and baseline testosterone levels.
Couples may have sexual and communication issues prior to starting ADT [19]. Prior to
starting therapy, men and their partners have different worries about sexual side effects;
while men tend to worry about sexual functioning, women often are anxious about other
aspects of the relationship being affected such as intimacy [76]. Counseling and education
interventions have been shown to improve sexual function in survivors of prostate cancer
and their partners, but there is limited information on the benefits that could be achieved
with sexual rehabilitation of men on ADT and their partners [77].

Many older men have sexual dysfunction at baseline prior to ADT initiation, a baseline
assessment of libido and ED is important. In addition, previous radiation and surgery for
localized disease could exacerbate underlying sexual issues. It is important to note that
severity of impotence does not correlate with “bother,” which may be related to the level of
sexual function pre-therapy [78,79].

3.4. Neuropsychological side effects
3.4.1. Mood—Low testosterone levels have been shown to impact mood and self-esteem.
ADT thus may be associated with an increased risk of depression. In a pilot cross-sectional
study of 45 men, 13% of men receiving ADT had major depressive disorder, eight times the
national rate of depression [80]. Men with a previous history of depression were more likely
to develop a major depressive disorder. In contrast to these pilot results, an analysis of over
50,000 men from the Medicare-Surveillance, Epidemiology, and End Results (SEER)
database revealed no statistical difference in the prevalence of depression between men on
ADT and controls [81]. At the univariate level, 31.3% of those receiving ADT developed at
least one depressive or cognitive diagnosis as compared with 23.7% in those who did not (p
< .001). After controlling for variables such as comorbidity, tumor characteristics, and age,
the risks associated with ADT were largely eliminated. A limitation for this study is that
diagnosis variables are related to claims and mild to moderate depression in older men with
multiple problems are likely under-reported. Although more research is necessary to better
define the association between ADT and psychological problems, it is recommended by
experts in the field that men on ADT be screened for depression and other mental health
problems [19,40]. Partners are often the first to report a change in behavior or mood, and
often comment on a perceived increase in emotional lability.

There has been little study on the effects of interventions on mood in prostate cancer patients
on ADT. An antidepressant may be helpful for men who screen positively for depression. In
addition, cognitive behavioral treatments have been shown to improve mood, quality of life,
and stress in men with localized prostate cancer, and may be useful for men on ADT
[82,83].

3.4.2. Cognition—Several published studies have described the cognitive changes
associated with ADT. One of the first studies, published by Green et al., randomized 82 men
with systemic prostate cancer to continuous leuproelin, continuous goserelin, cyproterone
acetate, or close clinical monitoring [84]. The investigators found that men randomized to
the LHRH analogue arms (leuproelin and goserelin) showed differential decrements in
cognitive functioning. Twenty-four of 50 men randomized to active treatment had a
clinically significant decline in one or more of 12 cognitive tests of attention or memory
over a 6-month period. No-one randomized to the observation arm experienced any decline
in performance on the tests. A follow-up study which compared the population at 12 months
to 20 healthy controls noted that patients on ADT did worse on verbal and 1 of 3 executive
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tasks at 12 months as compared to controls and observation group [85]. Jenkins et al.
reported the effects of neoadjuvant LHRH therapy on cognition in 32 men with localized
prostate cancer as compared to 25 healthy men with no prostate cancer [86]. Subjects
received 3–6 months of therapy and testing was performed at 3 months (while on therapy)
and 9 months later when off-therapy. Although no difference in overall group effect of
treatment was noted, differences in cognitive functioning were noted for some men using the
reliable-change analysis. Spatial ability and verbal memory were most affected. Four studies
have described the effects of combined androgen therapy (i.e., LHRH agonist plus
antiandrogen) on cognition [87–90]. Taken as a whole, these small, uncontrolled studies,
may support an ADT effect on cognition, especially verbal, spatial, and executive
functioning. The clinical significance of these findings, however, remains unclear.

Currently, due to a lack of convincing evidence of an ADT effect on cognition, there are no
definite recommendations for treatments that may prevent or treat cognitive impairment in
this population. Two studies have evaluated the effects of estradiol administration in the
modification of memory in men receiving ADT for prostate cancer. Taxel et al. conducted a
double-blind, randomized controlled trial of 17-beta estradiol versus placebo in 27 older
men receiving LHRH agonists for treatment of prostate cancer [91]. At 12 weeks, no
differences were noted in neuropsychological outcomes despite significant difference in
estradiol levels between the groups. Beer et al. evaluated the effects of transdermal estradiol
over 4 weeks in 18 patients with prostate cancer receiving ADT as compared to a group of
healthy age-matched controls and a group of prostate cancer patients receiving ADT without
estradiol [92]. They found that men receiving ADT demonstrated declines in scores of
immediate and delayed verbal memory and processing speed when compared to controls.
Men receiving estradiol therapy plus ADT demonstrated improvement in verbal memory
performance over time. These two studies are the only available published data evaluating
interventional approaches to modify cognitive deficits in men receiving ADT.

Results of studies of ADT’s effects on cognition have been variable likely due to different
patient populations studied, small samples, variable time points in testing, short exposure
times prior to testing, and the variety of neuropsychological tests utilized. It is difficult to
draw any specific conclusions on the magnitude or type of cognitive effect by ADT. In
addition, the clinical significance of these subtle cognitive changes is yet to be made clear.
One large population-based study using the SEER-Medicare database evaluated the risks of
developing cognitive disorders (defined as senile dementia, memory disturbances, and
cerebral degeneration) 6–60 months after receipt of ADT for prostate cancer [81]. Cognitive
disorders were most commonly recognized in the prostate cancer group who received ADT
(13.9) as compared to a prostate cancer group without ADT (10.2%) and noncancer control
group (7.9%). These results were statistically significant in an unadjusted analysis, but the
differences disappeared after controlling for other factors such as age, tumor grade, and
comorbidity.

While it remains unclear whether ADT causes cognitive impairment, it is important to
recognize underlying cognitive issues in patients presenting with prostate cancer. These
disorders impact cancer care patterns and outcomes in older patients and can affect patient
decision-making capacity. In addition, treatment decisions should be based on an evaluation
of cognitive disability as these may impact life expectancy and ability to tolerate treatment
[93]. Screening for these impairments both prior to and along the course of treatment may
provide valuable information on underlying deficits. In a cross-sectional analysis, Joly et al.
compared the cognitive function of 57 patients receiving ADT for nonmetastatic cancer to
51 healthy age-matched controls [20]. Although they found that there were no significant
differences in prevalence of cognitive deficits between the two groups, there was a high
prevalence of cognitive disorders overall with 23% of patients exhibiting moderate to severe

Mohile et al. Page 8

Crit Rev Oncol Hematol. Author manuscript; available in PMC 2011 April 12.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



impairment on the High Sensitivity Cognitive Screen. Our group also found a high
prevalence of cognitive deficits in a group of older men (age 70 years or older) on ADT
[22]. Eighty percent of our sample of 50 men were receiving ADT for biochemical
recurrence versus overt metastatic disease with a median time on ADT of 36 months (range
3–96 months). The Short Portable Mental Status Questionnaire was utilized to screen for
gross cognitive impairment. This tool has been linked to an increased risk for mortality in
populations of community-dwelling older adults and is a brief measure of orientation, recall,
and working memory [94]. Twenty-four percent of men had three or more errors (out of 10)
on this measure potentially signifying cognitive impairment. Forty percent had one or more
error/s. Although these cross-sectional data do not determine the specific effects of ADT on
cognition, it is important to recognize that a high proportion of men with prostate cancer on
ADT have significant impairment in cognitive abilities.

4. Management of ADT effects on metabolic and musculoskeletal health
4.1. Metabolic syndrome and cardiovascular health

Weight gain and increased body fat mass are common complications of ADT. This weight
gain coupled with low activity levels secondary to fatigue and changes in lipid levels may
increase the risk of cardiovascular toxicities. Several studies have noted increase in total
cholesterol levels, as well as triglyceride levels. In one cross-sectional study, 58 men were
investigated for the prevalence of metabolic syndrome [95]. The sample included 20 patients
undergoing ADT for at least 12 months (ADT group), 18 age-matched patients with
biochemical recurrence not on ADT, and 20 age-matched controls (control group). The
prevalence of metabolic syndrome was higher in the ADT group compared with the non-
ADT (p < .01) and control (p = .03) groups. Among the components of metabolic syndrome,
men on ADT had a higher prevalence of abdominal obesity and hyperglycemia. Androgen-
deprived men also had elevated triglycerides compared with controls (p = .02). The authors
concluded that metabolic syndrome was present in more than 50% of the men undergoing
long-term ADT, predisposing them to higher cardiovascular risk. In another study of 26 men
treated with leuprolide for one year, subcutaneous fat mass in the abdominal area and HDL
cholesterol were increased while waist-to-hip ratio, blood pressure, and C-reactive protein
did not change significantly. These changes are in contrast to the more recognized
“metabolic syndrome” which is characterized by an increased waist-to-hip ratio and blood
pressure [96]. In a larger study, Yannucci et al. measured the fasting serum lipid, glucose
and hemoglobin A1C levels in 1102 men at baseline and on ADT treatment at days 85 and
169 [97]. Significant increases in total cholesterol, triglyceride and high density lipoprotein-
cholesterol were observed in patients while on LHRH agonist therapy.

Several recently published studies have demonstrated an increased risk of diabetes and
cardiovascular toxicity in men on ADT in population-based analyses. Using Medicare
claims, Keating et al. found that GnRH agonist therapy was associated with an increased
risk of incident diabetes (adjusted HR, 1.44; p < .001), coronary artery disease (adjusted HR,
1.16; p < .001), myocardial infarction (adjusted HR, 1.11; p = .03), and sudden cardiac death
(adjusted HR, 1.16; p = .004) [98]. Orchiectomy was significantly associated with diabetes
(adjusted HR, 1.34; p < .001) but not the cardiovascular outcomes. Tsai et al. evaluated the
risk of cardiovascular death in 3262 patients treated with radical prostatectomy and 1630
patients treated with external beam radiation therapy, brachytherapy, or cryotherapy for
localized prostate cancer [99]. Competing risks regression analyses were performed to
assess whether use of ADT was associated with a shorter time to cardiovascular death after
controlling for age (as a continuous variable) and the presence of baseline cardiovascular
disease risk factors. Among the 1015 patients who received ADT, the median duration of
ADT use was 4.1 months (range = 1.0–32.9 months). Both ADT use (adjusted HR= 2.6; p
= .002) and age (adjusted HR= 1.07; p = .003) remained associated with statistically
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significant increased risks of cardiovascular death in patients treated with radical
prostatectomy. Among patients 65 years or older treated with radical prostatectomy, the 5-
year cumulative incidence of cardiovascular death was 5.5% in those who received ADT
and 2.0% in those who did not. Among patients 65 years or older treated with external beam
radiation therapy, brachytherapy, or cryotherapy, ADT use was associated with a higher
cumulative incidence of death from cardiovascular causes, but the difference did not reach
statistical significance. In a third study, Saigal et al. retrospectively examined the
cardiovascular risk of 22,816 newly diagnosed men in a population-based registry who were
diagnosed between 1992 and 1996 [100]. The investigators found that newly diagnosed
prostate cancer patients who received ADT for at least 1 year were found to have a 20%
higher risk of serious cardiovascular morbidity than similar men who did not receive ADT.
All the studies conducted so far have been retrospective analyses, and cardiovascular
toxicity should be an endpoint studied in any future prospective randomized studies of ADT.

Older patients with prostate cancer have a high prevalence of comorbidities and a higher
likelihood of dying from conditions other than prostate cancer. Pre-existing presence of
metabolic syndrome and risk factors for cardiovascular toxicity should be assessed prior to
initiation of ADT. Focused efforts to reduce cardiac risk factors through diet, exercise, lipid-
lowering agents, and other cardioprotective agents (e.g., aspirin, beta-blockers) may help
mitigate some of the risks of ADT. In addition, the risks of ADT in potentially causing
metabolic syndrome or increasing the risk of cardiovascular toxicity should be explained to
the patient and communicated to the patient’s other physicians, including his primary care
doctor. If a patient who has underlying cardiac disease must be started on ADT, enlisting the
expertise of a cardiologist should be strongly considered along with routine tests to evaluate
for worsening of underlying disease.

4.2. Osteoporosis and fractures
Osteoporotic-related fractures are a significant health concern for the elderly with over 1.5
million fractures occurring yearly in the United States. Fractures are associated with back
pain, decrease in functional capacity, increased risk for further fractures, higher health care
costs, and a higher rate of institutionalization and hospitalizations [101,102]. In osteoporosis
studies, fractures in men were associated with profound quality of life deficits especially in
physical functioning [103]. In addition, mortality within a year after osteoporotic fracture is
markedly increased; in one study, increased odds of death ranged from 1.45 to 3.17
depending on where the fracture occurred [103]. Lastly, costs for osteoporosis-related
fractures are high with persons with fracture having over three times the overall health care
costs as persons without osteoporosis [102]. Overall costs have been estimated at close to
$17 billion per year.

An increased risk for loss of bone density, and a subsequent fracture, is a significant concern
for older men on ADT. Bone mineral density is most often screened with dual-energy X-ray
absorptiometry (DEXA) and the hip, spine, wrist, and femur are the typical locations
screened. Screening tests provide a “T-score” which compares the measured density with
that of a younger adult. T-scores of −1 to −2.5 demonstrate a risk for the disease or
osteopenia and osteoporosis is generally demonstrated with T-scores <−2.5. While loss of
bone density does not necessarily lead to osteoporosis or fractures, these are also common
additional complications of ADT. In older men, age-related decreases in bioavailable
testosterone and estradiol results in bone loss at a rate of approximately 1% per year at
baseline [104]. Annual bone loss with ADT is more rapid; multiple studies have revealed
bone loss rates from 1 to 4.6% yearly in men on ADT for nonmetastatic disease [101].
Although studies are generally small without adequate controls, they typically show
statistically significant, clinically important declines in bone density in the lumbar spine,
hip, femoral neck, and distal radius with 6–24 months of castration [34]. On the other hand,
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in a study which randomized 52 men to bicalutamide or LHRH agonist therapy,
bicalutamide was associated with increases in bone mineral density [105]. Although the rate
of bone loss is highest in the first year of therapy, the duration of ADT has been linked to
greater magnitude of loss [106,107]. In one study of 390 men followed for over 10 years,
osteoporosis was prevalent in hormone naive men with prostate cancer (35.4%) and
increased to 80% in men on ADT for 10 years [106]. Other factors that are associated with
bone loss in men on ADT include body mass index, alcohol use, and use of preventative
modalities such as calcium/vitamin D and exercise. Bone loss can also be linked to other
conditions such as hyperthyroidism, liver disease, and vitamin D malabsorption.

Despite increases in prevalence of bone loss and osteoporosis on ADT, there have been no
prospective studies evaluating fractures due to ADT, mainly due to the large sample sizes
required to study fracture-related endpoints [34]. However, retrospective studies utilizing
large population-based databases have demonstrated that men on ADT are 13–30% more
likely to develop a fracture as compared to prostate cancer patients not on ADT [108–112].
Age over 65 and comorbidity have been shown to be independent risk factors for fractures in
this patient population [110].

Given the above, monitoring for bone loss and risk of fractures is imperative in older men on
ADT. Patients should undergo complete physical examination and medical history in order
to assess for other risk factors for osteoporosis, falls, and fractures. In the elderly, conditions
such as falls and reduced muscle strength or sarcopenia contribute to fractures and thus we
recommend a baseline comprehensive geriatric assessment (CGA) to assess for these
conditions prior to initiation of ADT (see Section 5), which can help with decision-making
for treatment initiation and provide targets for multidisciplinary intervention in vulnerable
and frail older men [21,22]. Because osteoporosis is prevalent in men prior to starting ADT,
baseline bone mineral density assessment should be obtained with DEXA scan. Follow-up
tests should be performed frequently (every 6–24 months) depending on baseline assessment
of BMD and risk factors for development of osteoporosis and fractures (see Fig. 1) [101].

The National Osteoporosis Foundation (NOF) recommends treatment for people with a T-
score of −2 with no risk factors, and for T-scores below −1.5 with risk factors [113]. Risk
factors for osteoporosis or fractures for prostate cancer patients include planned long-term
ADT use, low body mass index, cigarette smoking, alcohol use, family history of
osteoporosis or fractures, and previous history of fractures. All patients who are to undergo
ADT should be counseled on smoking cessation, alcohol in moderation, and the benefits of
exercise. Exercise, specifically weight-bearing and muscle-strengthening exercises, have
been shown to increase BMD and reduce fracture risk in osteoporotic persons, although
most of the studies were conducted in postmenopausal women [113,114]. Resistance
exercise training for men on ADT can improve muscular strength [115]. Although no study
has demonstrated reduced fracture risk in men on ADT as a result of exercise, experts in the
field currently recommend that men on ADT be encouraged to actively participate in a
regular exercise program that includes resistance training and weight-bearing exercise
[40,101,113]. In older patients, it is imperative to assess fall risk, need for assistive devices,
and conduct a home safety evaluation. Our research team found that close to 20% of men
over the age of 70 report falls in the last 3 months, which exceeds the baseline risk for age-
equivalent men [116]. A fall assessment includes a multidisciplinary objective evaluation of
physical performance and a comprehensive fall history [117]. Prostate cancer specialists
should enlist the expertise of health care professionals with specialized expertise in the care
of older persons in order to provide the best care to the patient. When customizing an
exercise program to prevent fracture risk in older persons, balance training as well as weight
training should be recommended. Balance training and Tai Chi Chuan have been shown to
reduce fall and fracture risk and improve BMD in frail older persons [118,119].
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There are effective pharmaceutical interventions to help prevent and treat osteoporosis in
men on ADT. Daily calcium (1500 mg in split doses) and vitamin D (800 IU) can both
increase BMD and reduce the risk of fractures in older men with osteoporosis, and should be
included in any osteoporosis prevention regimen [120]. These supplements may be useful in
treating osteopenia and osteoporosis for men on ADT and they have minimal side effects.
Medical options for treatment of osteoporosis include bisphosphonates, estrogen, and
selective estrogen receptor modulators (SERMs). Bisphosphonates inhibit osteoclast activity
thereby reducing bone resorption and are available in oral and intravenous formulations.
Several randomized studies have shown that intravenous bisphosphonates (pamidronate or
zolendronic acid) given every 3–4 months significantly prevented bone loss after 1 year in
men with nonmetastatic prostate cancer on ADT [121,122]. Zoledronic acid (4 mg IV every
3 months) also has been shown to significantly improve bone mineral density at 1 year
[123]. One study of 22 men on ADT who received zolendronic acid at 4 mg yearly also
revealed statistically significant and clinically meaningful benefits in terms of prevention of
bone loss [124]. Alendronate may be a possibility as an oral option, although few studies
have been conducted with this agent in men on ADT [125,126]. It is important to note that
studies thus far have not demonstrated prevention or improvement in risk or rate of
fractures, although it has been shown that increasing BMD with bisphosphonate therapy
reduces osteoporotic fractures in postmenopausal women [127]. Prior to initiation of
bisphosphonate therapy, risk for side effects should be carefully considered.
Bisphosphonate-induced nephrotoxicity can be a significant concern for cancer patients and
health care professionals. Clinically significant deterioration in renal function is a risk with
some bisphosphonates, requiring renal function monitoring and drug discontinuation [128].
In addition, renal impairment can progress to renal failure, prompting the need for renal
dialysis and even death. Approximately 7% of the people with pre-existing chronic kidney
disease would be at a greater risk for renal deterioration during long-term bisphosphonate
therapy [129]. Other side effects can include a flu-like syndrome usually with the first
infusion and a rare but significant potential complication of osteonecrosis of the jaw. Given
this last concern, men starting ADT should have all dental work completed prior to initiation
of bisphosphonates.

Besides bisphosphonate therapies, other options include estrogen therapy and SERMs.
Estrogen therapy is associated with decreases in markers of bone resorption and prevention
of bone loss in men on ADT; however, the studies are small and estrogen carries with it the
risk of cardiotoxicity and thromboembolism. On the other hand, SERMs, such as raloxifene
and toremifene, have beneficial effects on the bone, without significant cardiac toxicity.
Smith et al. showed that raloxifene increases BMD in men on ADT [130]. One challenge,
however, is the frequency of significant hot flashes associated with SERMs. Like with the
bisphosphonates, more studies are needed to examine the impact of these drugs on fractures
in men on ADT.

In summary, osteoporosis and fractures are important potential complications of ADT and
may negatively impact QOL. Osteoporosis is a common scenario at baseline in frail older
persons and is considered a geriatric syndrome. Geriatric syndromes in the elderly are
associated with an increased risk of mortality [131]. As a result, the decision to start ADT in
an older person should include an evaluation of bone mineral density and fall risk. A recent
study of physician care practices revealed that only 9% of men on ADT had undergone a
DEXA scan and only 15% received at least one intervention for prevention and treatment of
ADT [132]. In another study of 174 men on ADT, only 34% received recommended
osteoporosis management [133]. Intervention efforts to educate cancer specialists should
also be undertaken in order to improve outcomes of this population.

Mohile et al. Page 12

Crit Rev Oncol Hematol. Author manuscript; available in PMC 2011 April 12.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



4.3. Sarcopenia and physical function
4.3.1. Sarcopenia—Men with prostate cancer commonly gain weight on ADT. Median
weight gain is close to 6 kg after 1 year on ADT, and some men gain as much as 10 kg [134]
primarily related to an increase in fat mass [135]. In addition, while total body fat increases,
lean muscle mass and muscular strength both decrease [115]. Loss of lean body mass (or
sarcopenia), which is related directly to muscle strength and physical performance, is the
most relevant component in the development of frailty [136]. Therefore, one could
hypothesize that ADT could accelerate the onset of frailty in older men [21].

In the elderly, sarcopenia is a major contributing factor to falls, functional dependence, and
frailty [137]. The prevalence of sarcopenia in community-dwelling older adults is estimated
to be approximately 25% [138]. Age-related reductions in skeletal muscle mass are greater
in men than in women, especially in the legs [139]. There is approximately a 5% loss of
muscle mass per decade of life after the 4th decade, with more rapid loss after the age of 65
[139]. ADT likely hastens the development of sarcopenia. Several studies have reported
statistically significant decreases in lean body mass within 3–6 months of LHRH agonist
initiation [135,140,141].

In aging, loss of muscle mass can lead to physical weakness and disability. There are
significant age-related decreases in strength, with a loss of approximately 20–40% when
comparisons are made between younger adults in their twenties compared to older adults in
their seventies and eighties, and even greater losses over 50% reported when comparisons
were made with older adults in their nineties [142–144]. Men with prostate cancer on ADT
also have muscle weakness. In a cross-sectional study, men on ADT had reduced upper limb
strength and lower scores on a questionnaire-based physical function test as compared with
age-matched controls [145]. Loss of lean body mass due to ADT could be a causal pathway
to weakness leading to mobility disorders, functional dependence, and falls in older men,
although these relationships are not yet established [21].

4.3.2. Physical function—Self-reported impairments in physical function are commonly
reported in studies of QOL effects of ADT (Table 1). These QOL studies reveal that men on
ADT report a decreased ability to accomplish physical tasks such as climbing stairs or
walking distances. There have been few investigations of how ADT affects the physical
abilities of older men and whether these physical deficits impair functional status (i.e., the
ability of the person to care for himself). Joly et al. compared the physical function of 57
patients with nonmetastatic prostate cancer with 51 controls [20]. Physical and daily
function were measured by the 6-min walk test, grip strength, the timed up and go test, and
activities of daily living measures. In this study, performance on physical tests was similar
in the two groups. However, patients tended to be the “young-old” elderly (i.e., <70 years
old) and were excluded from the study if they had significant comorbidities. Thus, the
patient population thus may not reflect the “true” prostate cancer patient population. In
another study, physical function, walking speed, body composition, and Comorbidity
Disease Index (CMDI) scores were assessed in a cohort of 100 participants that included
men with prostate cancer who were not on ADT, men with prostate cancer who were on
short-term ADT (<6 months), men with prostate cancer who were on long-term ADT (≥6
months), and control subjects who did not have prostate cancer [146]. Walking speed varied
significantly across the four groups, even after adjusting for age, CMDI, and percentage of
body fat. Age and CMDI were significantly associated with measurements of physical
performance. Adjusted for covariates, men on long-term ADT walked 0.18 m/s slower than
the control subjects. Physical function also varied significantly across the four groups. Our
research team also evaluated physical functioning in older men (age ≥70) receiving ADT for
asymptomatic prostate cancer and found that 56% of patients exhibited impaired scores on
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the Short Physical Performance Battery (see Table 3) [147]. Impairments were noted in all
measures of the SPPB: balance, walking speed, and chair stands (a measure of quadriceps
strength). In addition, 22% reported falls over the prior 6 months. This is double the 11% of
patients who report falls in a general outpatient geriatrics population [148]. Since men on
ADT have a high incidence of fractures, men should be screened for falls or fall risk and a
multidisciplinary intervention to improve mobility outcomes should be considered. This
intervention could include physical therapy, balance training, home safety evaluation, assist
device evaluation, and fall education. These types of interventions have been shown to be
beneficial in other vulnerable populations [117,149,150].

4.3.3. Management of musculoskeletal side effects—An exercise program tailored
to the individual patient may help to combat muscle wasting and weakness that occurs with
ADT. Few studies have evaluated the beneficial effects of exercise training on body
composition of men on ADT. Galvao et al. examined the effect of progressive resistance
training on muscle function, functional performance, balance, body composition, and muscle
thickness in men receiving ADT for prostate cancer [151]. Ten men aged 59–82 years
undertook progressive resistance training for 20 weeks at 6–12-repetition maximum for 12
upper- and lower-body exercises in a university exercise rehabilitation clinic. Outcome
measures included muscle strength and muscle endurance for the upper and lower body,
functional performance (repeated chair rise, usual and fast 6-m walk, 6-m backwards walk,
stair climb, and 400-m walk time), and balance by sensory organization test. Body
composition was measured by dual-energy X-ray absorptiometry and muscle thickness at
four anatomical sites by B-mode ultrasound. Both muscle strength and muscle endurance
increased significantly after training. Significant improvement occurred in the 6-m usual
walk, chair rise, stair climbing, and balance. Muscle thickness increased by 15.7% (p < .05)
at the quadriceps site. A larger study evaluated the effects of resistance training on muscle
mass, fatigue, mood and QOL. In this study, 155 men were randomized to an intervention
group that participated in a resistance exercise program three times per week for 12 weeks
(82 men) or to a waiting list control group (73 men) [115]. The primary outcomes were
fatigue and disease-specific QOL as assessed by self-reported questionnaires after 12 weeks.
Secondary outcomes were muscular fitness and body composition. Men assigned to
resistance exercise had less interference from fatigue on activities of daily living (p = .002)
and higher QOL scores (p = .001) than men in the control group. Men in the intervention
group also demonstrated higher levels of upper body (p = .009) and lower body (p < .001)
muscular fitness than men in the control group. There was also good compliance in the
exercise arm of the study.

Experts have recommended that all patients initiating ADT be counseled about a resistance
and aerobic exercise program [40,42]. Despite lack of evidence of long-term benefits, it is
likely that exercise can help alleviate many negative aspects of ADT including loss of lean
muscle mass, muscular weakness, gain of fat mass, fatigue, functional and physical
performance, and potentially reduce potential cardiovascular toxicity. Patients should be
offered a referral to a licensed physical therapist or personal trainer to help develop a
comprehensive program for exercise and interventions to reduce fall risk.

5. Overview of ADT effects on quality of life in older prostate cancer
patients

Numerous studies have illustrated the negative effects of ADT on QOL. Cross-sectional
studies have demonstrated worse global QOL scores, decreased energy, and lower social
functioning and emotional well-being in men who receive ADT for any stage of prostate
cancer as compared to those who receive other treatments including observation [78,152–
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154]. Potosky and his colleagues compared the QOL of 245 patients with localized prostate
cancer who received ADT with the QOL of 416 men who did not receive ADT within the
first year of diagnosis [78]. Patients who received ADT had a statistically greater incidence
of sexual dysfunction, physical discomfort, and diminished vitality. In another study
utilizing the Prostate Cancer Outcomes Survey, the QOL of 431 men who received primary
ADT with either orchiectomy or LHRH agonist therapy was described [152]. In multivariate
analyses, overall health outcomes were similar between patients receiving orchiectomy or
LHRH agonist therapy, but LHRH patients reported more physical discomfort and were
more likely to assess their overall health as fair or poor. Dacal et al. compared the QOL and
comorbidity levels between prostate cancer patients with asymptomatic disease on ADT <6
months (n = 24), ADT ≥6 months (n = 29), on no therapy (n = 23), and healthy controls (n =
20) [155]. The authors found that men with prostate cancer who were receiving short- and
long-term ADT had significantly lower scores on physical functioning and general health
domains. Other domains including bodily pain, social functioning, and emotional and mental
health components were not different between ADT and other groups. In addition, scores
between men on short- and long-term ADT were not statistically different. In this study,
only low testosterone and comorbidity contributed to QOL outcomes in regression analysis.
Joly et al. also examined QOL in a cohort of men on ADT as compared to controls and
found that men on ADT had significantly worse fatigue and symptoms from prostate cancer
[20]. Conclusions from these cross-sectional studies are generally limited due to
examination at few time points and omission of baseline information.

Longitudinal studies of men on continuous ADT demonstrate a negative impact of therapy
on QOL, especially on energy, sense of well-being, and physical functioning [85,156–162].
These studies are summarized in Table 4. Patients who receive ADT for metastatic disease
experience improvement in QOL, likely due to palliation of cancer-related side effects. Men
who receive ADT for locally advanced disease or biochemical recurrence generally have
worse global QOL scores over time, especially in regard to fatigue, physical function, and
sexual function. This trend over time is more evident in longitudinal studies that included
baseline assessments (i.e., before ADT initiation). Because older men without prostate
cancer can demonstrate poor QOL on validated tools utilized for prostate cancer QOL
assessments, it is important to include baseline information, and if this is not available, to
compare outcomes with a carefully selected control group [163]. Existing longitudinal
studies have important limitations in that they include small sample sizes over a short
duration, and do not, for the most part, account for age and comorbidity [34]. One larger
study evaluated the patient-reported outcomes of 1201 patients and 625 spouses at multiple
centers before and after radical prostatectomy, brachytherapy, or external-beam radiotherapy
[164]. In this study, neoadjuvant hormonal therapy was significantly associated with quality
of life declines with sexual health (with radiotherapy), urinary incontinence (with
brachytherapy), urinary irritation (with radiotherapy and brachytherapy), and vitality (with
radiotherapy and brachytherapy). Neoadjuvant hormonal therapy was given with
radiotherapy or brachytherapywas associated with long-lasting symptoms involving
sexuality and vitality. Despite this recent addition to the literature, no studies have yet
examined the age-related differences in QOL and interactions with geriatric domains with an
emphasis on persons in the “oldest-old” subgroups.

6. Approach to the assessment and management of ADT complications in
vulnerable and frail older men

As discussed in the previous sections, ADT can be associated with serious side effects and
complications in older men. Prior to initiation, an older man’s health status should be
carefully assessed. This assessment should include examination of domains that could
exacerbate pre-existing conditions and accelerate mortality. Recognition of these conditions
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would aid the physician in making the best treatment decision for an individual patient. For
example, a comprehensive medical and geriatric assessment could provide information that
can help estimate active remaining life expectancy (RLE). In an older person with prostate
cancer, an estimation of RLE is imperative as many men die from conditions other than
prostate cancer and may experience significant QOL effects from treatment [6]. Side effects
from ADT may ultimately increase an older man’s overall mortality risk from resulting
osteoporosis and falls leading to fractures and higher risk of significant cardiovascular
disease. Table 5 illustrates life expectancy data for men at varying health statuses.

The spectrum of functional ability of an older person can range from those who are fully
independent to those who are at moderate risk (i.e., vulnerable) of health deterioration to
those at a high risk of functional decline (i.e., frail). Several clinical characteristics have
distinct and possibly synergistic influences on underlying vulnerability and frailty in the
elderly: disability, comorbidity, and geriatric syndromes. Functional and physical disability,
comorbidities, and geriatric syndromes are linked with increased risk of hospitalization,
higher health care costs, need for long-term care, and overall mortality [165–171].
Evaluation of comorbidity, disability and other geriatric impairments are essential to help
identify vulnerable and frail older men with prostate cancer who are at risk for adverse
outcomes from ADT. Several studies have noted a high prevalence of comorbidity,
disability, and geriatric syndromes in elderly cancer patients [172,173]. A study of persons
recently diagnosed with prostate cancer utilizing home health services in Ohio noted that
only 12% had no comorbidity, disability, or geriatric syndromes. 20.7% had comorbidity,
2.5% had disability, and 5.9% had geriatric syndromes and 24.7% had all three. A
multidimensional comprehensive geriatric assessment (CGA) should be a key part of the
treatment approach for older cancer patients (especially aged 70 and over) and can help
detect these underlying factors [174–176]. The CGA generally includes a compilation of
validated tools to assess comorbidity, functional status, physical performance, cognitive
status, psychological status, nutritional status, medication review, and social support
[94,177–185]. Table 6 is an example of a CGA that has been utilized in the care of older
persons with prostate cancer [22]. The Vulnerable Elder’s Survey-13 (VES-13) is a brief,
functionally based screening tool that is predictive of functional decline or death over 2
years in a large cohort of Medicare beneficiaries [186]. This screening test is comparable to
a full geriatric assessment in screening for those who may be at high risk of decline or death
[22]. A multidisciplinary approach to assessment and care of older patients on ADT would
help identify targets for interventions (see Fig. 2).

7. Conclusion
Prostate cancer is a major health issue for many older men. ADT has numerous side effects
and toxicities, and many can be serious in the elderly. Despite these potentially serious
consequences, ADT use is increasing in the elderly. The elderly have a higher likelihood of
having conditions such as comorbidity, geriatric syndromes, and disability that are linked
with vulnerability and frailty. These conditions must be identified prior to initiation of ADT
as they may worsen as a result of ADT. The domains impacted by ADT include
neuropsychological, sexual, body composition and physical performance, bone health, and
comorbidities. Recognizing the complications that could affect the quality of life, function,
and mortality of older persons with prostate cancer can help with treatment decision-making.
It is imperative to assess the older person’s underlying health status before initiating therapy
to better estimate whether the risks of ADT initiation and continued use outweigh the
benefits for cancer-specific mortality. Physicians who treat older patients with prostate
cancer should be aware of side effects and methods for prevention and treatment. Table 7
summarizes these approaches. Treating physicians should also inform patients and their
primary care physicians about the many complications of ADT. A comprehensive
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multidisciplinary assessment of the older man on ADT can help target interventions to
mitigate side effects and toxicities from treatment.
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Fig. 1.
Prevention and treatment of osteoporosis in the older man on ADT.
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Fig. 2.
Schema of CGA use to manage side effects of ADT.
Those persons with no apparent impairments are “fit” and should have no functional
dependence, no comorbidities, and no geriatric syndromes. Vulnerable persons may have
some dependence in instrumental activities of daily living, non-life threatening
comorbidities, and no significant geriatric syndromes other than mild depression or a mild
memory disorder. Frail persons can be characterized as those persons aged 85 years and
over, those older persons with a dependence in an activity of daily living, three or more
significant comorbidities or one comorbidity that is associated with limitation of daily life
responsibilities. These definitions are adapted from Balducci and Extermann [188] and
Basso et al. [189].
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Table 1

The “Moyad” scale for determining frequency and severity of hot flashes (Moyad 10).

Severity Pointsa Length Quality

Mild 1 <1 min Warm, involving limited body parts, no perspiration

Moderate 2 <5 min Warm, uncomfortable, involving more of the body, perspiration, often requiring removal of clothing

Severe 3 >5 min Burning quality, extremely uncomfortable, excessive perspiration, disruption of life activities

a
Assign points for each hot flash and add points for each day for weekly discussions with a health professional.
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Table 2

Treatments for hot flashesa.

Hot flash treatment Summary of evidence

Complementary approaches

   Acupuncture May be effective in mild-to-moderate hot flashes

   Black Cohosh In uncontrolled pilot studies, most complementary approaches are associated with a 30–50% reduction in hot
flash frequency and severity

   Flaxseed

   Soy

Estrogenic therapies

   DES Effective for moderate-to-severe hot flashes

   Transdermal estrogen Associated with >50% reduction in hot flash frequency and severity with many complete responders
Increases risk for cardiovascular toxicity and is associated with gynecomastia and nipple tenderness

Progestin therapies

   Megestrol acetate Effective for moderate-to-severe hot flashes

   Medroxyprogesterone acetate Associated with >50% reduction in hot flash frequency and severity with many complete responders
Causes salt retention and weight gain, some reports of worsening prostate cancer progression with megestrol
acetate

Antidepressants

   Sertraline Effective for mild-moderate-severe hot flashes

   Venlafaxine 50–60% reduction in hot flash frequency and severity with venlafaxine
Well-tolerated but may cause gastrointestinal side effects
May also help with adverse psychological effects as related to ADT

Gabapentin Effective for mild-moderate-severe hot flashes at 900 mg/day
Generally well-tolerated

a
Adapted from Moyad 10 steps; More research is required for all therapies with well-designed randomized, placebo-controlled, double-blinded

studies for men receiving ADT for prostate cancer. As a result, data has been extrapolated from uncontrolled studies or randomized studies
involving other populations.
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Table 4

Longitudinal studies that evaluate QOL in subjects receiving ADT.

References Patient population QOL domains Assessment time points Main results

Lubecket al. [157] Men during first year of
therapy from CaPSURE
database

SF-36, UCLA Prostate
Cancer Index

No pre-treatment assessment;
men were studied at study
entry and quarterly thereafter

ADT group had poorer
urinary and sexual
function and a higher rate
of urinary and sexual
bother than surveillance
group

106 men who opted for
surveillance and 167 men
receiving ADT

Scores remained low
during first year of
treatment

Lubeck et al. [156] Men during first year of
therapy from CaPSURE
database

SF-36, UCLA Prostate
Cancer Index

No pre-treatment assessment;
men were studied at study
entry and quarterly thereafter

Low QOL scores
immediately after
treatment

179 men who received
primary ADT compared to
men who received radical
prostatectomy, radiotherapy,
or observation

Scores improved in
hormone therapy arm over
a 1 year period

Herr and
O’Sullivan [158]

79 men who were started on
ADT for locally advanced
disease or biochemical relapse
after local therapy as
compared to 29 men who
received no therapy and 36
who received local therapy
alone

EORTC Prostate
Cancer QOL Scale

Assessments at baseline, at 6
months, and 1 year

ADT patients had
worsening fatigue,
physical function, and
sexual function along with
a trend towards
psychological distress at 1
year

Green et al. [85] 62 men with non-localized
prostate cancer were
randomized to three different
ADT regiments or observation

General QOL
measures of
depression,
satisfaction, role
functioning, sexual
function; also, a
comprehensive
neuropsychological
assessment

Assessments at baseline, 6
months, and 1 year

ADT patients had worse
scores in sexual function
than control group at 1
year

15 controls

Van Andel and
Kurth [159]

Men who received ADT for
asymptomatic, lymph node
positive prostate cancer

EORTC Prostate
Cancer QOL Scale

Assessment performed at
study entry (6 months after
diagnosis) and 12 months
later

ADT patients had worse
emotional function and
overall QOL scores at
baseline

76 (31 on ADT and 45 on no
ADT) completed baseline
assessment and 61 completed
follow-up (27 on ADT and 34
on no ADT)

ADT patients had worse
sexual function and more
hot flashes at baseline and
1 year

At 1 year, physical
function and fatigue were
worse in ADT patients but
emotional well-being and
overall QOL scores were
similar to no ADT
patients

Arredondo et al.
[160]

Men who received second
treatment after radical
prostatectomy, either radiation
or hormonal therapy (n = 897)
as compared to RT alone (n =
3231)

SF-36, UCLA Prostate
Cancer Index

Assessment performed before
and after RP and then
biannually

Before and during second
treatment, role-
functioning and sexual
functioning scales
revealed clinically
relevant decreases

Study does not distinguish
between types of second
treatment (i.e., ADT vs
radiation) but no overt
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References Patient population QOL domains Assessment time points Main results
differences noted in QOL
outcomes as related to
treatment type

Sanda et al. [164] 1201 men who received
localized therapy for prostate
cancer

Expanded Prostate
Cancer Index-26

Assessment before treatment
and at 2, 6, 12 and 24 months
after treatment

Declines noted in sexual
score and vitality score
lasting over 2 years when
neoadjuvant therapy was
combined with
radiotherapy

Distinction made between
QOL scores of men who
received neoadjuvant
hormonal therapy in
combination with radiotherapy
or brachytherapy

Litwin et al. [161] 63 men with metastatic disease
who received treatment with
ADT

SF-36, UCLA Prostate
Cancer Index

Assessment at baseline, 6,
and 12 months after starting
therapy

Significant improvements
in 10 of the 14 domains of
health-related quality of
life

Moinpour et al.
[162]

739 with metastatic prostate
cancer who underwent
surgical castration and were
randomized to flutamide or
placebo

QOL assessments of
diarrhea, gas pain,
body image, physical
functioning, and
emotional functioning

Assessment at baseline, 1
month, 3, and 6 months

Improvements in QOL
domains over time noted
in both groups but more
pronounced in placebo
versus flutamide
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Table 7

Summary of recommendations to prevent side effects in older men on ADT.

Side effect Screening Prevention Treatment

Hot flashes Moyad screening tool a See Table 2 for various
complementary or
pharmacologic approaches
for treatment

Anemia Hemoglobin and hematocrit assessment
prior to starting ADT and every 3–6
months

Assess and treat other known
causes of anemia such as folate,
vitamin B-12 or iron deficiency

Consider transfusion if severe
anemia or symptomatic

Sexual side effects Ask patient and partner about baseline
sexual functioning

a Sexual rehabilitation and
counseling

Oral phosphodiesterase
inhibitors Mechanical
therapies

Cognitive side effects Ask patient about baseline memory issues a Refer to specialist if concern
for cognitive decline

Screen with validated cognitive scale such
as Short Portable Mental Status
Questionnaire or Mini-Mental Exam
If memory problems or abnormality on
screening tool, refer to specialist and for
baseline neuropsychological testing
Repeat screening and/or
neuropsychological tests at yearly if
memory symptoms worsen or if patient has
baseline deficits prior to starting ADT

Psychological side effects Ask patient about symptoms of depression
prior to starting ADT and at each visit

a Antidepressant

Can use validated geriatric depression
scales

Counseling

Metabolic syndrome and
cardiovascular health

Assess history of coronary artery disease
and diabetes

Inform other physicians
including primary care about
potential risk of worsening
coronary artery disease and/or
diabetes with ADT initiation

Close monitoring for
progression of disease

Assess risk factors for coronary artery
disease and diabetes

Consider referral to cardiac
specialist for those with
underlying coronary artery
disease

Treatment of underlying and
worsening coronary artery
disease and diabetes per
guidelines and in concert with
primary care and specialist

May need to confer with primary care
physician

Osteoporosis and fractures Assess risk factors for osteoporosis Calcium 1500 mg daily Bisphosphonates

Baseline and yearly bone mineral density
scans

Vitamin D 600–800 IU daily Resistance training

Physical function and falls Ask about fall history at baseline and every
visit

Resistance training If history of falls, evaluate for
assist device

Assess performance with validated tool
such as timed up and Go or Short Physical
Performance Battery

Home safety evaluation Refer to specialty falls clinic

Refer to physical and
occupational therapy

a
No evidence-based data.

Crit Rev Oncol Hematol. Author manuscript; available in PMC 2011 April 12.


