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Androgen deprivation therapy (ADT) is used increasingly 
in the treatment of prostate cancer. Its efficacy in all 
stages of prostate cancer has been well documented 
in recent years.1–3 Androgen deprivation therapy has 
a significant side effect profile (Table 1). One of the 
most significant of these is osteoporosis, particularly 
with long term therapy.4 Accelerated bone leaching 
and declining bone mineral density in this older, 
osteoporotic susceptible group, further compounds the 
skeletal complications of those with prostate cancer. 
This is of significant concern as one-third of Australian 
men aged over 60 years suffer from osteoporotic 
fractures,5 with this figure expected to double by 2026 
and quadruple by 2051.6 
	
Osteoporosis and fractures carry a significant morbidity and 
mortality. Up to 20% of men with hip fractures die during 
initial hospital admission or within 6 months.7 Men also 
have higher morbidity and associated complications from 
hip fractures than women.8 Therefore, preventive strategies 
and treatments for osteoporosis, particularly in the context 
of ADT and prostate cancer are needed.9

Method 
We reviewed the published literature on the prevention and 
management of osteoporosis secondary to ADT in men 

with prostate cancer by researching the MEDLINE database 
(from January 1966 to April 2005) and the abstracts and 
texts from recent meetings.

Discussion 
ADT for prostate cancer
The combined use of luteinising hormone releasing 
hormone (LHRH) agonists (Table 2) and anti-androgens 
results in total androgen blockade. More men will be subject 
to the effects of osteoporosis as ADT is used increasingly in 
the management of early and localised prostate cancer in 
combination with external beam radiotherapy.3

Osteoporosis from ADT
Although the association between hypogonadism 	
and low bone mineral density (BMD) has been established,	
10–12 the mechanism of bone loss in osteoporosis 	
due to ADT is not well understood. Theories include 
the absence of circulat ing testosterone which 	
bind to androgen receptors on osteoblasts mediating 	
its proliferation,13 or indirectly through reduced 
substrate for the peripheral conversion of testosterone 	
to oestrogen which posit ively maintains bone 
mass.14 The effect of androgen activity on muscle 	
strength which in turn effects bone mass is also important.12 
	 The reduction of bone mass in hypogonadal men 
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and postmenopausal women is characterised 
by osteoclastic activation and increased bone 
turnover. The initial ADT associated bone loss is 
not only significantly higher, but persists when 
compared to the slowing in later menopause.15 
While the magnitude and prevalence of 
low BMD among men commencing ADT is 
unknown,16 BMD loss is estimated at 3–5% 
annually in the first few years17 with measurable 
changes occurring as little as 9 months after 
the commencement of LHRH agonist therapy.18 
Shahinian19 recently showed that ADT is 
associated with an increased fracture risk in older 
men with prostate cancer. In this important study, 
19.4% of those who received ADT had a fracture, 
compared with a 12.6% rate of fracture in those 

not receiving ADT.19 In addition, a significant dose 
response relationship was established between 
the number of doses of ADT administered and 
increasing fracture risk.

Diagnosis

Due to its multifactorial aetiology, screening 
recommendations in men have not yet been 
established. Rather, consideration of factors such 
as age, physical activity, tobacco and alcohol 
use, and the presence of hypogonadism need 
to be considered when deciding the timing of 
screening.9,13 Any fractures induced by minimal 
trauma require confirmation on plain X-ray, or 
computerised tomography/nuclear medicine 
scanning. Determining BMD is by dual energy X-
ray absorptiometry (DEXA) testing. DEXA scans 
of the femoral neck or total hip is still considered 
the gold standard and is suggested before ADT 
commencement.17,20 A follow up DEXA scan after 
12 months is recommended, and annual scans 
continued if there are significant losses in BMD. 
In those with borderline BMD scores on the initial 
DEXA scan, a follow up scan at 6 months might 
be considered, however the Medicare Benefits 
Schedule only allows a rebate for scans at annual 
intervals. The additional use of biochemical 
markers of bone turnover as independent risk 
factors for fracture may influence the decision 
to treat. These may be particularly useful 
in patients near the radiological osteoporotic 	
cut-off,  or for monitor ing response to 
osteoporosis treatment.21 

Management 

Management of patients on ADT and its effect 
on BMD involves detailed informed consent 
and risk/benefit analysis of various treatments.13 
Effective conservative measures of lifestyle 
modification include smoking cessation,22 alcohol 
and caffeine reduction, and a balanced program 
of resistance23,24 and aerobic exercises.25

Vitamin D and calcium

Although the efficacy of vitamin D and calcium 
supplementation in osteoporosis prevention 
has not been studied specifically in patients on 
ADT, it has been documented to be effective in 
other at risk groups including men aged over 65 
years (by increasing their BMD)26 and in patients 
starting on corticosteroids (by preventing lumbar 

and forearm bone loss).27 It is likely that similar 
benefits would be obtained in patients on ADT. 
	 Calcium supplementation should aim to 
maintain total daily calcium intake at 1200–1500 
mg per day, while vitamin D status should be 
determined and supplementation tailored to treat 
deficiency.20,28–30 In Australia, calcium is available 
in its carbonate, chloride, citrate and phosphate 
forms with most preparations containing 250–600 
mg calcium per tablet. Calcium citrate is less cost 
effective,31 but may be preferred in renal calculi 
patients as citrate in urine inhibits calcium oxalate 
precipitation.32 Calcium supplements taken in the 
evening may have the advantage of suppressing 
nocturnal bone resorption,32 and importantly will 
not reduce morning bisphosphonate absorption.

Bisphosphonates

Bisphosphonates are potent, specific osteoclast 
inhibitors preventing bone resorption with a 
documented efficacy in both men with primary 
osteoporosis33 and in men with prostate cancer 
without bone metastases on ADT (intravenous 
pamidronate prevented BMD loss and 
intravenous zoledronic acid increased BMD29,34). 
The bisphosphonate, zoledronic acid, has also 
been shown to reduce skeletal related events 
including fractures and reduce pain in men with 
hormone refractory prostate cancer with bony 
metastases.35 Bisphosphonates available under 
the Pharmaceutical Benefits Scheme (PBS) are 
shown in Table 3, but only oral preparations of 
alendronate (Fosamax™) and residronate sodium 
(Actonel™) may be prescribed on authority 
prescription in cases of established osteoporosis. 
Intravenous zoledronic acid (Zometa™) is currently 
authorised only for the treatment of bone 
metastases from hormone resistant prostate 
cancer. A prospective bisphosphonate trial for men 
on ADT for treatment of localised carcinoma of 
the prostate is being conducted at present by the 

Table 1. Side effects of ADT

Hot flushes
Tiredness
Reduced libido
Erectile dysfunction
Genital shrinkage
Weight gain
Hair loss
Reduced higher mental function
Gynaecomastia
Deep venous thrombosis 
Pulmonary embolus
Gastrointestinal upset
Liver dysfunction
Shortness of breath
Anaemia
Osteoporosis
Muscle weakness
Sleep disturbance
Unpleasant dreams
Flare reaction

Table 2. Common androgen  
deprivation therapies 

LHRH agonists
Goserelin acetate (Zoladex)
Leuprorelin acetate (Lucrin Depot, 
Eligard) 
Antiandrogens
Cyproterone acetate (Androcur, 
Cyprone, Cyprostat, Procur)
Flutamide (Eulexin, Fugerel, Flutamin)
Bicalutamide (Cosudex)
Nilutamide (Anandron) 
Other
Surgical orchidectomy

Table 3. Available bisphosphonates

Alendronate sodium (Fosamax)
Disodium etidronate (Didronel)
Residronate sodium (Actonel)
Sodium clodronate tetrahydrate 
(Bonefos)
Tiludronate disodium (Skelid)
Disodium pamidronate (Aredia)
Zoledronic acid (Zometa)
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Trans-Tasman Radiation Oncology Group (TROG). 
One of the objectives of this randomised multi-
centre trial – Randomised Androgen Deprivation 
and Radiotherapy (RADAR) – is to test the 
hypothesis that use of zoledronic acid will reduce 
osteopenic fractures, improve BMD, delay onset 
of bony metastases, and improve quality of life. 

Intermittent ADT

Intermittent ADT has been proposed as a possible 
alternative to minimise its long term side effects, 
particularly osteoporosis. Suggestions include 
LHRH agonist therapy until the prostate specific 
antigen (PSA) falls to its lowest point (eg. PSA 
<4) and to recommence only if PSA levels rise 
again (eg. PSA 10–20). Grossfeld36 has shown 
clinical improvements in health related quality 
of life measured using SF-3637 and University of 
California Los Angeles Prostate Cancer Index38 
during the off phase cycle of intermittent ADT. 
This strategy may be helpful in minimising side 
effects other than ostoeporosis.17,18 Further 
evaluation of this regimen is required as its 
efficacy and safety is uncertain.

Conclusion 
Excess bone loss and osteoporosis is a common 
problem in men on ADT for prostate cancer. 
These patients are at increased risk of fracture 
related morbidity and mortality and therefore 
minimisation of the impact of ADT on bone 
loss should be a priority at the initiation of 
therapy. Standard osteoporosis screening and 
management recommendations for prostate 
cancer patients on ADT are still evolving, 
particularly for those with early stages of 
disease. Evidence suggests that screening with 
DEXA scans should take place at the initiation 
of ADT, and then approximately every year after 
its commencement. Lifestyle modification 
measures aimed at limiting bone loss such as 
smoking cessation, alcohol reduction, regular 
weight bearing exercise, together with calcium 
and vitamin D supplementation are essential in 
all patients commencing ADT therapy. Treatment 
with oral bisphosphonates should be considered 
for any patient with an insufficiency fracture 
or DEXA proven osteoporosis. Intravenous 
bisphosphonates should be considered in 
patients with bony prostatic metastases, 
especially those with hormone resistant disease. 

Their prohibitive cost essentially limits their use 
to this group at present. Many questions remain 
on the benefits and efficacy of intermittent 	
ADT on the various stages of prostate cancer 
but can be contemplated in men at high 	
risk for osteoporosis.

Conflict of interest: none declared.

Acknowledgments 
Thanks to Professor James Denham and Dr Shaun 
McGrath for providing comment on the content. 

References
1.	 Sandow J, Beier B. LHRH agonists: mechanism of 

action and effect on target tissues. Prog Clin Biol Res 
1985;185A:121–42.

2.	 The Veterans Administration Cooperative Urological 
Research Group. Treatment and survival of patients 
with cancer of the prostate. Surg Gynecol Obstet 
1967;124:1011–7.

3.	 Cooperberg MR, Grossfeld GD, Lubeck DP, et al. National 
practice patterns and time trends in androgen ablation for 
localized prostate cancer. J Natl Cancer Inst 2003;95:981–
9.

4.	 Daniell HW. Osteoporosis after orchidectomy for prostate 
cancer. J Urol 1997;157:439–44.

5.	 Jones G, Nguyen T, Sambrook PN, et al. Symptomatic 
fracture incidence in elderly men and women: the Dubbo 
Osteoporosis Epidemiology Study (DOES). Osteoporosis Int 
1994;4:277–82. 

6.	 Sanders KM, Nicholson GC, Ugoni AM, et al. Health 
burden of hip and other fractures in Australia beyond 2000: 
projections based on the Geelong Osteoporosis Study. Med 
J Aust 1999;170:467–70.

7.	 Diamond TH, Thornley SW, Sekel R, et al. Hip fractures in 
elderly men: prognostic factors and outcomes. Med J Aust 
1997;167:412–5.

8.	 Morote J, Martinez E, Trilla E, et al. Influence of the type 
and length of continuous androgen suppression in the 
development of osteoporosis in patients with prostate 
cancer. J Urol 2003;169(Suppl):242, abstract 937.

9.	 Holzbeierlein JM, Castle E, Thrasher JB. Complications of 
androgen deprivation: prevention and treatment. Oncology 
2004;18:303–9.

10.	 Finkelstein JS, Klibanski A, Neer RM, et al. Osteoporosis in 
men with idiopathic hypogonadotropic hypogonadism. Ann 
Intern Med 1987;106:354–61.

11.	 Francis RM, Peacock M, Aaron JE, et al. Osteoporosis in 
hypogonadal men: role of decreased plasma 1,25–dihy-
droxyvitamin D, calcium malabsorption, and low bone 
formation. Bone 1986;7:261–8.

12.	 Orwoll ES. Androgens and bone: clinical aspects. In: Orwoll 
ES editor. Osteoporosis in men. London: Academic Press, 
1999;247–70.

13.	 Moul JW, Thrasher JB, Smith M. Managing bone compli-
cations in prostate cancer. AUA News 2004;9:6–8.

14.	 Smith EP, Boyd J, Frank GR, et al. Estrogen resistance 
caused by a mutation in the estrogen receptor gene in a 
man. N Engl J Med 1994;331:1056–61. 

15.	 Smith MR. Holzbeierlein/Castle/Thrasher article reviewed. 
Oncology 2004;18:315.

16.	 Chen Z, Maricic M, Nguyen P, et al. Low bone density and 
high percentage of bone fat among men who were treated 
with androgen deprivation therapy for prostate carcinoma. 
Cancer 2002;95:2136–44.

17.	 Ross RW, Small EJ. Osteoporosis in men treated with 
androgen deprivation therapy for prostate cancer. J Urol 
2002;167:1952–6.

18.	 Higano C, Stephens C, Nelson P, et al. Prospective serial 
measurements of bone mineral density (BMD) in prostate 
cancer patients without bone metastases treated with 
intermittent androgen suppression (IAS) (abstract 1207). 
Proc Am Soc Clin Oncol 1999.

19.	 Shahinian VB, Kuo YF, Freeman JL, et al. Risk of fracture 
after androgen deprivation for prostate cancer. N Engl J 
Med 2005;352:154–64.

20.	 Bae DC, Stein BS. The diagnosis and treatment of osteopo-
rosis in men on androgen deprivation therapy for advanced 
carcinoma of the prostate. J Urol 2004;172:2137–44.

21.	 Diamond TH, Higano CS, Smith MR, et al. Osteoporosis in 
men with prostate carcinoma receiving androgen depriva-
tion therapy: recommendations for diagnosis and therapies. 
Cancer 2004;100:892.

22.	 Ward KD, Klesges RC. A meta-analysis of the effects of 
cigarette smoking on bone mineral density. Calcif Tissue Int 
2001;68:259.

23.	 Vincent KR, Braith RW. Resistance exercise and bone 
turnover in elderly men and women. Med Sci Sports Exerc 
2002;34:17–23.

24.	 Segal RJ, Reid RD, Courneya KS, et al. Resistance exercise 
in men receiving androgen deprivation therapy for prostate 
cancer. J Clin Oncol 2003;21:1653–9.

25.	 Higano C. Holzbeierlein/Castle/Thrasher article reviewed. 
Oncology 2004;18:319–21.

26.	 Dawson-Hughes B, Harris SS, Krall EA, et al. Effect of 
calcium and vitamin D supplementation on bone density 
in men and women 65 years of age or older. N Engl J Med 
1997;337:670.

27.	 Homik J, Suarez-Almazor ME, Shea B, et al. Calcium and 
Vitamin D for corticosteroid induced osteoporosis (Review). 
Cochrane Database of Systematic Reviews 2000;(2):
CD000952.

28.	 Seeman E, Melton LJ 3rd, O’Fallon WM, et al. Risk factors 
for spinal osteoporosis in men. Am J Med 1983;75:977–83.

29.	 Smith MR, McGovern FJ, Zietman AL, et al. Pamidronate to 
prevent bone loss during androgen deprivation therapy for 
prostate cancer. N Engl J Med 2001;345:948–55.

30.	 Bilezikian JP. Osteoporosis in men. J Clin Edocrinol Metab 
1999;84:3431–4.

31.	 Heaney RP, Dowell SD, Bierman J, et al. Absorbability and 
cost effectiveness in calcium supplementation. J Am Coll 
Nutr 2001;20:239–46.

32.	 Wark JD. Calcium supplementation: the bare bones. Aust 
Prescr 2003;26:126–7.

33.	 Orwell E, Ettinger M, Weiss S, et al. Alendronate for 
the treatment of osteoporosis in men. N Engl J Med 
2000;343:604.

34.	 Smith MR, Eastham J, Gleason DM, et al. Randomised 
controlled trial of zoledronic acid to prevent bone loss in 
men receiving androgen deprivation therapy for non meta-
static prostate cancer. J Urol 2003;169:2008–12.

35.	 Lipton A, Small E, Saad F, et al. The new bisphosphonate 
Zometa (zoledronic acid) decreases skeletal complications 
in both osteolytic and osteoblastic lesions: a comparison to 
pamidronate. Cancer Invest 2002;20(Suppl 2):45–54.

36.	 Grossfeld GD, Small EJ, Lubeck DP, et al. Androgen 
deprivation therapy for patients with clinically localised 
(stages T1 to T3) prostate cancer and for patients with bio-
chemical recurrence after radical prostatectomy. Urology 
2001;58:56–64.

37.	 Hays RD, Sherbourne CD, Mazel RM. The RAND 36 item 
health survey 1.0. Health Econ 1993;2:217–27.

38.	 Litwin MS, Hays RD, Fink A, et al. Quality of life out-
comes in men treated for localised prostate cancer. JAMA 
1995;273:129–35.

CORRESPONDENCE email: afp@racgp.org.au


