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Abstract: Androgen deprivation therapy (ADT) constitutes the first-line treatment for patients 

with locally advanced tumors, recurrent or metastatic disease. Given its widespread use, clinicians 

should be familiar with common side effects of this treatment. This review focuses on common 

side effects of ADT and available treatment options to control the side effects. Also, it briefly 

compares continuous ADT with other therapeutic approaches for androgen deprivation in pros-

tate cancer patients. Similar to hormonal medications, newer non-hormonal therapeutic options 

including gabapentin and acupuncture have at best moderate effect in controlling hot flashes in 

patients on ADT. Supervised and/or home exercise programs significantly improve ADT-related 

fatigue, metabolic/cardiovascular side effects, and cognitive dysfunction. Denosumab, a human 

monoclonal antibody against RANK-L, is more effective than bisphosphonates in preventing 

skeletal-related events in patients with metastatic or castrate-resistant prostate cancer and unlike 

bisphosphonates, it can also reduce the risk of vertebral fractures in men receiving ADT for 

non-metastatic prostate cancer. Toremifene, a selective estrogen receptor inhibitor, has dual 

beneficial effects on ADT-related osteoporosis and metabolic dysfunction. Metformin coupled 

with lifestyle modification is also a well-tolerated treatment for metabolic changes during ADT. 

While producing similar oncological outcomes, intermittent ADT is associated with higher 

quality of life in patients under ADT by improving bone health, less metabolic and hematologic 

complications, and fewer hot flashes and sexual dysfunction events.
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Introduction
Androgen deprivation therapy (ADT) is one of the most common forms of treatment 

for advanced prostate cancer (PCa). The benefits of ADT as the primary treatment or 

in combination with other therapies such as prostatectomy or radiotherapy are well-

established in men with locally advanced PCa. ADT can normalize serum prostate 

specific antigen in over 90% of patients and results in sizable tumor response in 

80% to 90%. This treatment can be done either with bilateral orchiectomy (surgical 

castration) or medical castration (using either a gonadotropin releasing hormone 

[GnRH] agonist or a GnRH antagonist). Bilateral orchiectomy is still considered 

the standard hormonal treatment for metastatic PCa in some countries. However, the 

most widely used approach is continuous treatment with GnRH agonists. The intro-

duction of ADT, especially in asymptomatic men, results in undesirable changes in 

different health-related quality of life (HRQOL) domains including vitality, physical 

function, bodily pain, and role-physical domains. In fact, patients receiving primary 

ADT show more significant HRQOL declines in both general and PCa-specific 
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HRQOL compared to those receiving combination ADT 

and local therapy.1 Given the widespread use of ADT, it 

is imperative that clinicians understand the side effects in 

order to limit treatment-related morbidity. There are numer-

ous well recognized adverse effects of ADT which include 

vasomotor flushing, loss of libido and impotence, fatigue, 

gynecomastia, anemia, and osteoporosis. Obesity, insulin 

resistance, and dyslipidemia are more recently described 

metabolic complications. Long-term use of ADT also has 

deleterious effects on cardiovascular health.2 This review 

focuses on the long-term safety profile of ADT and available 

treatment options to minimize the side effects and improve 

patients’ quality of life.

Literature search
A PubMed database search was conducted to select published 

prospective clinical studies including randomized and non-

randomized clinical trials, meta-analysis, and review articles 

with regards to therapeutic options for ADT-related side 

effects from 2000 to 2014.

Side effects
Vasomotor flushing
Hot flashes are one of the most bothersome side effects of 

ADT, affecting up to 80% of men on this treatment.3 Almost 

30% of patients consider hot flashes the most distressing 

side effect of ADT and more frequent or severe hot flashes 

are associated with greater distress. Approximately half of 

patients still experience hot flashes even after 5 years of 

ADT.3 Low testosterone levels interrupt the negative feedback 

mechanism in hypothalamic noradrenaline production and 

reset the hypothalamic thermoregulatory center which results 

in vasomotor flushing.

A practical initial approach would be behavioral modi-

fications such as use of a fan, lowering room temperature, 

use of loose fitting clothing, and cold drinks which have 

minimal adverse effects and may make symptoms tolerable.4 

Currently available therapeutic options can be divided into 

hormonal and non-hormonal treatments: Megestrol acetate 

and medroxyprogesterone acetate (20 mg once or twice a 

day) as well as diethylstilbestrol (1 mg/day) are among pro-

gestational agents that can significantly reduce the frequency 

and severity of hot flashes between 1 to 3 months after 

initiation of therapy.5 Cyproterone acetate (100 mg/day) is a 

steroidal antiandrogen that can also cause remarkable reduc-

tion in hot flashes comparable to the effect of progestational 

agents. Given the interference between cyproterone acetate 

and hormonal therapy, progestational agents are currently 

the gold standard hormonal therapy for hot flashes.6 Breast 

enlargement and/or tenderness caused by estrogen agents 

and occasional rise in prostate-specific antigen levels by 

progestational hormones are some of the common side effects 

of hormonal agents.5

Among non-hormonal treatments, selective serotonin 

and serotonin norepinephrine reuptake inhibitors such as 

paroxetine, venlafaxine, sertraline, and fluvoxamine modulate 

central dopaminergic activity and cause moderate decrease 

in hot flashes. Venlafaxine (75 mg daily) is less effective 

than hormonal therapies and common side effects such as 

dry mouth, nausea, weight gain, night sweats, and head-

ache as well as its drug interaction limit their daily usage.6 

 Gabapentin, an antiseizure agent, also appears to provide 

moderate efficacy for long-term treatment of hot flashes with 

the initial dose of 300 mg daily which is increased by incre-

ments of 300 mg in order to achieve a dose of 900 mg divided 

in three equal doses a day. Men, who are suffering mainly 

from night sweats, can use a bedtime dose of 100–300 mg 

with further titration of the bedtime dose to 900 mg/day. 

Common side-effects include leukocytopenia with flu-like 

symptoms, somnolence, depressed mood, gastrointestinal 

symptoms, and muscle and joint pain, which are usually 

well-tolerated.7 Studies have also shown that acupuncture 

for 3 months (twice a week for the first 2 weeks and then 

once a week for 8 to 10 weeks) can have a moderate, long-

lasting reduction in hot flashes frequency. The mechanism 

of action is not clear but it seems to act through its effect 

on serotonin, beta-endorphin, and calcitonin gene-related 

peptide activity. Common side effects such as hematoma at 

the insertion site, fatigue, and distress usually occur early and 

are insignificant. There is no specific late side effect reported 

in the literature.8 Pregabalin, a gabapentin analog, has also 

been studied for the treatment of hot flashes in women and 

showed a significant reduction in hot flashes, to a similar 

degree as had been observed with gabapentin. Randomized 

clinical trials, however, have not been performed to evalu-

ate the utility of pregabalin for treating ADT-associated hot 

flashes. Clonidine in the form of a transdermal patch has not 

proven to be effective for hot flashes in men9 and concerns 

about the increased risk of PCa with vitamin E has made it 

a less desirable treatment option.10

Fatigue
Approximately 43% of men receiving long-term ADT suffer 

from fatigue3 and it is a major concern for quality of life 

in men with less aggressive disease. Increased fat mass 

along with the loss of lean muscle mass in combination 
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with pain and depression is probably the main underlying 

mechanism. Exercise and muscle strengthening programs 

are appropriate interventions to reduce the frequency and 

severity of fatigue in these patients by improving muscular 

strength, cardiorespiratory fitness, functional task perfor-

mance, and lean body mass. Supervised clinical exercise 

composed of resistance training with or without aerobic 

training  (cardiovascular exercises including cycling and 

walking/jogging at 65%–80% of maximum heart rate for 

15–20 minutes) two to three times a week for 3 months or a 

home exercise program (light resistance training, walking, 

stretching) three to five times a week coupled with group 

training once a week for 4 months remarkably reduces 

fatigue.11,12 Two ongoing trials looking at the effect of walk-

ing exercise and heavy strength training programs on body 

composition and fatigue will provide more evidence in this 

regard.13,14

Sexual dysfunction
Sexual dysfunction happens in up to 91% of men on 

ADT and it deteriorates during the course of treatment.15 

 Suppressed testosterone levels cause decreased nitric oxide 

levels and loss of intercavernosal pressure and lead to a 

significant decrease in libido and erectile function.16 Qualita-

tive studies show complete loss of libido, sexual fantasies, 

and erotic dreams, all of which could lead to marital ero-

sion.17,18 A consensus report from the multidisciplinary ADT 

Survivorship Working Group provides both evidence-based 

and consensus-based management strategies for sexual side 

effects of ADT which briefly include: educational sessions 

for couples about the side effects of treatment prior to the 

start of ADT;18 parenteral estrogen therapy such as gel or 

transdermal estradiol patches to preserve libido; and indi-

vidualized psychological intervention such as sexual-therapy 

techniques to provoke sexual fantasies, mindfulness tech-

niques, and cognitive reframing of the sexual  experience.19 

Phosphodiesterase inhibitors may be less successful in this 

situation compared to other etiologies and patients should 

be aware of the importance of physical and mental sexual 

arousal to maximize the effect of these drugs.19 Intracorpo-

real injection, vacuum erection devices, or penile prosthesis 

are among other treatment options. Sexual aids such as 

intracavernosal injections, vibrators, or masturbatory or 

penetrative aids may be effective in patients who have dif-

ficulty attaining orgasm. Perineal/perianal stimulation and 

mental preparation for an altered masculine role may also 

be advantageous.19 General muscle strengthening exercises 

can also improve sexual function in some patients.11

Skeletal-related events
Long-term ADT can also cause loss of bone mineral density 

(BMD) which is mostly asymptomatic but up to 20% of 

men under ADT may eventually experience bone fracture.20 

Monitoring bone health and bone loss preventive measures 

are highly recommended in patients on long term ADT as the 

risk of loss of BMD and bone fracture is directly associated 

with the length of ADT treatment. Baseline BMD measure-

ment using dual X-ray absorptiometry before starting ADT 

and regular BMD measurements based on initial T-score, 

lifestyle modifications such as increased exercise, calcium 

(1,500 mg) and vitamin D (800 IU) supplementation, smoking 

cessation, decreased alcohol consumption, and weight loss are 

among the suggested monitoring and preventive measures.21 
 Bisphosphonates clearly prevent bone loss and increase BMD 

in PCa patients on long-term ADT and intravenous zolen-

dronic acid also prevents fractures in men with metastatic 

and castrate-resistant PCa. Clinical trials have failed to show 

any fracture-prevention effect of bisphosphonates in men with 

non-metastatic PCa on ADT. Denosumab, a human monoclo-

nal antibody against RANK-L, however, has been shown to 

reduce the risk of vertebral fractures in men receiving ADT 

for non-metastatic PCa. Denosumab has also been shown to 

be superior to zoledronic acid in preventing skeletal-related 

events in patients with metastatic or castrate-resistant PCa.21 

However, neither of these drugs have been shown to prevent 

bone metastasis in non-metastatic PCa.22 Raloxifene and 

toremifene citrate, selective estrogen receptor modulators, 

have shown encouraging results in improving total hip, lumbar 

spine, and femoral neck BMD in men on ADT.21

Anemia
Although ADT leads to anemia in as many as 90% of 

patients, more than 70% of patients are unaware of this side 

effect before the start of the treatment.23 Treatment is only 

required for symptomatic patients with severe anemia and 

the majority of patients with mild to moderate anemia do 

not need any intervention. Individualized treatment strategy 

with respect to the risk–benefit ratio of each treatment such 

as erythropoiesis-stimulating agents (ESAs) is usually con-

sidered in this situation: malnutrition and nutrient deficiencies 

such as iron and vitamin B12/folate should be appropriately 

substituted by oral or parenteral supplementations. Regular 

blood transfusions may be the only effective treatment option 

in some patients with severe anemia, metastatic cancer, and 

limited bone marrow reserve. For other anemic patients, there 

is strong evidence of the favorable hematological effect of 

ESA. However, there are some concerns regarding increased 
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Table 1 Common side effects of androgen deprivation therapy and recommended treatment options

Side effects Prevalence Recommended treatment(s)

Hot flashes Up to 80% •  Behavioral modification (fan, lowering room temperature, loose fitting clothes, cold drinks)
Hormonal medications
•  Progesterone agents
  °   Megestrol acetate (20 mg QD or BID)
  °   Medroxyprogesterone acetate (20 mg QD or BID)
•  estrogen agents
  °   Diethylstilbestrol (1 mg/day)
Non-hormonal medications
•  Selective serotonin reuptake inhibitors
  °   Paroxetine (10 mg/day)42

  °   Fluvoxamine (25 mg/day)43

•  Selective serotonin norepinephrine reuptake inhibitors
  °   Venlafaxine (75 mg/day)
  °   Gabapentin (300 mg daily titrated to 300 mg TID)
Other treatments
  °   Acupuncture (twice a week for the first 2 weeks and then once a week for 8 to 10 weeks)

Fatigue 43% •  Supervised clinical exercise
  °   Resistance training ± aerobic training 2–3 times/week; 12 weeks total
•  Home exercise program (light resistance training, walking, stretching) 3–4 times/week and group 

training once a week; 16 weeks total
Sexual dysfunction 80% •  educational sessions for couples about the sexual side effects of treatment before the start of ADT

•  Parenteral estrogen therapy
  °   Gel
  °   Transdermal estradiol patch
•  individualized psychological intervention
  °   Sexual therapy techniques
•  erectile dysfunction
  °   Phosphodiesterase inhibitors
  °   intracorporeal injection
  °   vacuum erection devices
  °   Penile prosthesis
•  Difficulty obtaining orgasm
  °   intracavernosal injections
  °   vibrators
  °   Masturbatory or penetrative aids
  °   Perineal/perianal stimulation
•  Muscle strengthening exercise

Skeletal-related events Up to 20% •  Dual X-ray absorptiometry before starting ADT
•  Regular BMD measures (based on initial T-score)
•  Lifestyle modifications
  °   exercise
  °   Calcium (1,500 mg/day)
  °   Vitamin D (800 IU/day)
  °   Smoking cessation
  °   Decreased alcohol consumption
  °   weight loss
•  Bisphosphonates (only patients with metastatic PCa)
  °   Alendronate (80 mg weekly for 1 year)44

  °   Clodronate (2,080 mg daily for maximum of 3 years)45

  °   Zolendric acid (4 mg every 3 weeks for 15 months)46

•  Denosumab (patients with metastatic and non-metastatic PCa)  
60 mg subcutaneous every 6 months for 3 years47

•  Selective estrogen receptor modulator
  °   Toremifene (80 mg oral daily for 2 years)48

  °   Raloxifene (60 mg daily for 12 months)49

(Continued)
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risk of thromboembolic events following this treatment and 

also the impact of ESAs on overall survival in PCa patients. 

Clinical benefit of low dose dexamethasone is not well-

established.24

Metabolic and cardiovascular effects
ADT increases obesity, decreases insulin sensitivity, and 

adversely alters lipid profiles. It may be associated with a 

greater incidence of diabetes and cardiovascular disease.25 

It is, however, still not clear whether the type of ADT or 

preexisting cardiovascular morbidity determine the risk 

of a cardiovascular event in this population.26 Since the 

majority of men with PCa under ADT are elderly and have 

known cardiovascular disease or diabetes mellitus or the 

risk factors to develop them, preventive strategies including 

lifestyle modifications (smoking cessation, weight loss if 

they are overweight at baseline or become overweight, and 

regular exercise) and screening protocols such as yearly 

lipid profiles are recommended. Secondary preventative 

measures such as glucose-lowering therapy, statin therapy, 

antihypertensive therapy, and aspirin (unless contraindicated) 

are also recommended for men with existing cardiovascular 

disease or in men who recently developed cardiovascular 

disease from ADT.27 Metformin (850 mg daily for 2 weeks 

and 850 mg twice a day afterwards) coupled with lifestyle 

modifications such as dietary advice and regular aerobic 

exercise for 6 months is a well-tolerated treatment option that 

causes significant reduction in abdominal girth, weight, and 

systolic blood pressure.28 Toremifene acetate also improves 

lipid profile with significant decrement in total and low-

density lipoprotein cholesterol and triglyceride.29 A 3-month 

supervised exercise program involving aerobic and resistance 

exercise can preserve appendicular lean mass, prevent gains 

in whole body and trunk fat mass, improve cardiovascular 

fitness, and decrease total-cholesterol-to-high-density-

lipoprotein-cholesterol ratio.30 Home and/or group exercise 

program also improves systolic and diastolic blood pressure 

and waist and neck girth.11

Cognitive dysfunction
The true incidence of cognitive dysfunction is unclear. Some 

studies report decline in memory and executive function-

ing31 while others have failed to show any adverse effects.32 

Advanced age, disease stage, and comorbidities may all 

contribute to cognitive disturbances in patients on long-

term ADT. So far, there is no definite preventive or curative 

treatment for cognitive impairment in this population. Oral 

estradiol does not improve cognitive parameters in patients 

under ADT.5 It also accompanies serious side effects such as 

thromboembolic events and the timing of the treatment also is 

Table 1 (Continued)

Side effects Prevalence Recommended treatment(s)

Anemia 90% Only indicated in severe anemia
•  Substitution of malnutrition and nutrient deficiencies such as iron and vitamin B12
•  erythropoiesis-stimulating agents
  °   Darbepoetin α 300–1,000 µg (changes based on the hemoglobin response) every 4 weeks for  

6 months50

•  Regular blood transfusion
Metabolic/cardiovascular 14%–70%3 •  Screening protocol, ie, annual lipid profile

  °   Lifestyle modifications
  °   Smoking cessation
  °   weight loss
  °   Regular exercise
•  Secondary preventive measures
  °   Glucose-lowering therapy
  °   Statin therapy
  °   Antihypertensive therapy
  °   Aspirin (unless contraindicated)
•  Metformin (850 mg daily for 2 weeks and 850 mg twice a day afterwards) plus lifestyle 

modifications (ie, dietary advice and regular aerobic exercise) for 6 months
•  Toremifene (80 mg daily) for 1 year
•  Supervised exercise program (aerobic and resistance) for 3 months
•  Home/group exercise programs

Cognitive dysfunction 45%31 •  Combined resistance/aerobic exercise program for 3 months

Abbreviations: ADT, androgen deprivation therapy; BID, twice a day; BMD, bone mineral density; PCa, prostate cancer; QD, once a day; TID, three times a day.
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not well established. A 12-week combined resistance/aerobic 

exercise program also seems to be an efficient countermea-

sure for cognitive impairments in patients on ADT.30,33

Urinary function
ADT can decrease prostate volume, decrease lower urinary 

tract symptoms, and improve quality of life in patients with 

PCa who have moderate to severe voiding dysfunction.34 

Also, ADT is recommended in some patients to decrease 

prostate volume, downstage the disease and also prevent 

urinary retention prior to radiation therapy with intent to 

cure.35 Although ADT has been linked with some metrics 

of urinary incontinence, urinary incontinence is mostly 

seen in older patients, and intuitively, it seems to be more 

associated with age-related pelvic floor muscle weakening 

rather than ADT.

Alternative androgen  
deprivation therapies
Intermittent androgen deprivation (IAD) alternates androgen 

blockade with treatment cessation to allow hormonal recov-

ery between treatment cycles and it seems, mainly in the 

setting of metastatic PCa, that IAD can produce oncologic 

results similar to continuous ADT.36 IAD can potentially 

improve tolerability and quality of life in patients under ADT. 

Patients on IAD have improved bone health, less metabolic 

and hematologic complications, fewer hot flashes, as well 

as improved sexual function.37 The risk of cardiovascular 

events also seems to be similar between IAD and continuous 

ADT.38 Collectively, evidence from a Phase III randomized 

controlled trial shows that the quality of life benefit of IAD 

appears to be modest at best and it is likely influenced by 

the duration of the off-treatment periods and by the rate of 

testosterone recovery.39

Non-steroidal anti-androgens competitively inhibit the 

binding of androgens to the androgen receptor and maintain 

the serum testosterone levels. Bicalutamide is the preferred 

drug of this group given its more favorable safety profile. 

Bicalutamide monotherapy (150 mg daily) is an accept-

able option for primary or adjuvant treatment in younger, 

sexually active patients with locally advanced disease and 

in highly selected, well-informed patients with metastatic 

disease.40 It can also preserve BMD, muscle strength, and 

HRQOL in osteoporotic men with non-metastatic locally 

advanced PCa.41 The most important side effect of bicalu-

tamide is gynecomastia and breast pain, which occurs in 

70% to 80% of patients and leads to a 16.4% treatment 

cessation.40

Conclusion
Despite the well-documented oncological benefits of ADT, the 

treatment should be individualized with regard to the optimal 

length of ADT and the risk–benefit ratio of each  treatment. 

Since some of the ADT-related side effects may occur over 

years of therapy and have life-threatening consequences, both 

specialists and primary care providers need to be aware of 

and discuss the potential side effects of ADT with patients. It 

seems that progestational agents and gabapentin are preferable 

medical treatments and can help decreasing the severity and 

frequency of hot flashes with a more desirable safety profile. 

However, there is still no curative treatment available for this 

significant side effect and hot flashes should be discussed with 

patients prior to initiating ADT. Exercise programs are effective 

interventions for fatigue and cognitive dysfunction. Along with 

simple interventions such as diet modification, they can also 

have significant beneficial effects on cardiovascular/metabolic 

events. Denosumab, coupled with life style modification, can 

effectively prevent BMD loss and fracture in either a non-

metastatic or metastatic PCa setting. Aggressive management 

of hyperlipidemia also decreases the risk of cardiovascular dis-

ease. Patients’ comorbidities and functional status are essential 

factors to be considered prior to initiation of ADT. It is wise to 

consider active surveillance in elderly patients with biochemical 

recurrences, particularly those with pre-existing cardiovascular 

disease, with close monitoring of prostate specific antigen 

doubling time; ADT should be avoided in this population given 

the side effect profile and lack of known benefit.
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