
CLINICAL UPDATE
Maintaining bone health in patients with prostate cancer
D Jane Holmes-Walker, Henry Woo, Howard Gurney, Viet T Do and David R Chipps
Westmead Hospital, Sydney, NSW.
D Jane Holmes-Walker, PhD, MB BS, FRACP, Endocrinologist, 
Department of Diabetes and Endocrinology; Henry Woo, MB BS, 
FRACS, Urologist, and Clinical Senior Lecturer, University of Sydney; 
Howard Gurney, MB BS, FRACP, Director of Medical Oncology, and 
Associate Professor, University of Sydney. 
Sydney West Area Health Service, Sydney, NSW.
Viet T Do, MB BS, FRANZCR, Radiation Oncologist; 
David R Chipps, PhD, MB BS, FRACP, Director, Department of Diabetes 
and Endocrinology. 
Reprints: Dr D J Holmes-Walker, Department of Diabetes and 
Endocrinology, Westmead Hospital, PO Box 533, Westmead, 
NSW 2145. janeh@westgate.wh.usyd.edu.au
The Medical Journal of Australia ISSN: 0025-
729X 20 February 2006 184 4 176-179
©The Medical Journal of Australia 2006
www.mja.com.au
Clinical Update

therapy with either prostatectomy or radiation ther
there is no available data on survival benefit. In Aust
estimated from Health Insurance Commission data 
cial year 2003–04 that over 16 000 men are receiv
gonadotropin-releasing-hormone antagonists.5 This
determined by dividing the prescription number by
ate interval (1 month, 3 months, 4 months). All of t
176 MJA • Volume 184 Numb
ABSTRACT

• Loss of bone mineral density with androgen deprivation 
therapy (ADT) for prostate cancer is well recognised, with 
significant loss of bone mineral density (BMD) occurring 
within 12 months of starting therapy.

• With ADT, annual loss of BMD is about 2%–8% per year at the 
lumbar spine and 1.8%–6.5% at the hip; the loss appears to 
continue indefinitely while treatment continues, and there 
is no recovery after therapy is ceased.

• 19.4% of men surviving at least 5 years after diagnosis of 
prostate cancer have a fracture if treated with ADT compared 
with 12.6% of men not receiving ADT; this is equivalent to one 
additional fracture for every 28 men treated with ADT.

• Vitamin D deficiency exacerbates the development of 
osteoporosis, so vitamin D status should be evaluated before 
commencing ADT in men with prostate cancer.

• Treatment with bisphosphonates (zoledronate, pamidronate 
and alendronate) in men treated with ADT have been shown 
to prevent bone loss in prospective studies and to increase 
BMD in one randomised controlled trial; bisphosphonates 
have not been shown to prevent fractures in men with 
prostate cancer.

• Further prospective trials are required to assess the efficacy 
and cost-effectiveness of bisphosphonates in men with 
prostate cancer who require treatment with ADT.

• All doctors need to take an active role in monitoring bone 
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health in patients with prostate cancer requiring ADT.
nd
rel
staA
 rogen deprivation therapy (ADT), with gonadotropin-

easing hormone analogues or surgical orchidectomy, is
ndard treatment for advanced prostate cancer. This

intervention results in significant improvements in survival when
used early in men with locally advanced prostate cancer,1,2 in men
with locally advanced prostate cancer treated with radiation
therapy,3 and in men with lymph-node-positive prostate cancer
treated with radical prostatectomy and pelvic lymphadenectomy.4

ADT is also used in patients whose cancer relapses after curative
apy, although
ralia, we have
for the finan-
ing ADT with
 number was
 the appropri-
he 3-monthly

and 4-monthly prescriptions were assumed to be men with
prostate cancer, and of the 1-monthly prescriptions, we assumed
that half were for men.

Prostate cancer remains one of the most common causes of
cancer-related death in men. However, as patients survive for
lengthy periods after diagnosis, interest is now focused on the
long-term adverse effects of ADT — loss of bone mineral density
(BMD) and increase in fracture risk.

We present an update on assessing bone health in patients with
prostate cancer who are being treated with ADT. Research papers
were identified from MEDLINE and CINAHL, with combinations
of the keywords androgen deprivation therapy, gonadotropin-
releasing-hormone analogues, prostate cancer, osteoporosis and
bisphosphonates. We also used the Cochrane database. Our
purpose was to evaluate the impact of ADT on osteoporosis and
fracture rates in the absence of known metastatic bone disease.
Our findings are graded according to National Health and Medical
Research Council levels of evidence.6 We conclude with recom-
mendations for monitoring and treating osteoporosis in patients
with prostate cancer who are to commence ADT.

Osteoporosis and fracture in men
Osteoporosis with fracture is associated with significant morbidity
and loss of independence. Mortality after hip fracture is as high as
32% at 12 months in patients aged over 70 years, and men are

much less likely to be started on bisphosphonate treatment than
women.7 The incidence of osteoporosis in Australian men,
although much lower than in women, is not negligible; it ranges
from 1.6% in men aged 60–64 years up to 19% in those aged over
80 years.8 The Dubbo Osteoporosis Epidemiology Study, which
studied a large cohort of elderly men and women from 1989
onwards, found that after the age of 60 years, about 30% of men
will suffer at least one osteoporotic fracture.9

As the prevalence of prostate cancer and osteoporosis both
increase with age, many patients at diagnosis of prostate cancer
may already have osteoporosis. Indeed, patients with prostate
cancer about to undergo ADT (without bone metastases) have
been found to have lower BMD than age-matched controls.10 The
additional impact of ADT on bone metabolism has the potential to
influence morbidity and mortality in prostate cancer.

Androgen deprivation therapy and osteoporosis
ADT reduces BMD in patients with prostate cancer (Level II
evidence),11 and this reduction can be demonstrated within 6
months of continuous ADT.12,13 Bone mineral density measure-
ment by dual energy x-ray absorptiometry (DEXA) is the best
means of evaluating fracture risk. It should be noted that in elderly
men, the lumbar spine frequently has coexistent degenerative
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disease and/or calcification of paraspinal tissues,10,14 which results
in pseudo-elevation of BMD with increasing age. However, quanti-
tative computed tomography (QCT) estimates of bone density in
the lumbar spine have confirmed significant loss of trabecular
bone with ADT.12 Therefore, in elderly men, femoral neck BMD
measurements by DEXA may be more appropriate for monitoring
the impact of ADT. Estimates of bone loss vary between 2% and
8% at the lumbar spine (the higher bone loss measurement
obtained with QCT), and between 1.8% and 6.5% for total hip
bone loss during the first 12 months of continuous ADT. Bone loss
in men on ADT appears to be more marked at sites of trabecular
bone (lumbar spine, total hip, trochanter and ultradistal radius).10

Recommendations for monitoring BMD in men commencing
ADT are summarised in Box 1.

Androgen deprivation therapy and fracture
Several retrospective audits have shown significantly higher frac-
ture rates in men treated with ADT (Level III-2 evidence),11,15,16

with secondary bone metastases accounting for only 7%–16% of
fractures.17,18 Of men surviving at least 5 years after diagnosis of
prostate cancer, 19.4% of those receiving ADT had a fracture
compared with 12.6% of those not receiving ADT (50 613 men
diagnosed with prostate cancer in the Surveillance, Epidemiology
and End Results Program15). The number needed to harm for the
occurrence of fracture, 5 years from diagnosis, was 28 for any use
of a gonadotropin-releasing hormone agonist and 16 for orchidec-
tomy. Rates of fracture were dependent on the number of doses of
gonadotropin-releasing hormone received during the 12 months
after diagnosis of prostate cancer, and the age of the patient.15

Fracture rates increased significantly once five or more doses of
ADT had been given within a 12-month interval, and increased
further in those receiving nine or more doses of ADT in the 12
months after diagnosis, to be equivalent to rates observed in
patients with orchidectomy.

Vitamin D and androgen deprivation therapy

The importance of vitamin D and calcium replacement in prevent-
ing osteoporosis in patients with prostate cancer should not be
overlooked, particularly given an epidemiological association

between vitamin D deficiency and prostate cancer risk.19 Subclini-
cal vitamin D deficiency has been found in 63% of elderly men
presenting with hip fracture, compared with 25% in a concurrent
hospital-based control group (inpatients and outpatients).20 In one
study examining the effect of pamidronate on BMD,12 patients in
both the placebo and treatment arms were supplemented with
500 mg of calcium carbonate and 400 IU of vitamin D orally, daily.
There was a significant fall in parathyroid hormone levels in both
groups, although serum 25-hydroxy vitamin D levels did not
increase. Vitamin D therapy alone did not improve BMD or reduce
bone turnover markers in patients subsequently receiving ADT
(Level II evidence). A retrospective review of 87 men receiving
ADT for prostate cancer found that low serum 25-hydroxyvitamin
D levels was an important risk factor for osteoporosis and spinal
fracture (Level IV evidence), in addition to duration of ADT and
history of alcohol excess.21 Given the potential of vitamin D
deficiency to exacerbate bone loss, we have summarised recom-
mendations for calcium and vitamin D replacement in men
receiving ADT in Box 2.

Exercise and androgen deprivation therapy

A randomised study of prostate cancer patients on ADT showed
that resistance exercise, consisting of supervised training at least
three times per week for 30–60 minutes, improved fatigue, muscle
strength and some measures of quality of life.24 However, in the
12-week exercise period there was no demonstrable effect of
exercise on BMD or testosterone level.

Effect of bisphosphonates on bone mineral density in 
patients treated with androgen deprivation therapy

Studies have started to look at the use of bisphosphonates to
prevent bone loss in patients being treated with ADT. Two
randomised controlled trials of pamidronate with concurrent ADT
(Level I evidence) have shown prevention of bone loss in one
study,12 and increase of lumbar spine BMD by QCT in the other.13

A randomised controlled trial of zoledronate given concurrently
with ADT showed a significant increase in BMD of the hip (Level II
evidence).25 By comparison, the selective oestrogen-receptor mod-

1 Recommendations for monitoring of bone mineral 
density (BMD) with androgen deprivation therapy 
(ADT)10,13,14

• Measure baseline BMD by dual energy x-ray absorptiometry 
before or within 1 month of commencement of ADT or surgical 
orchidectomy.

• Take a baseline thoracolumbar spine x-ray to screen for 
asymptomatic osteoporotic fracture.

• Perform baseline biochemical tests, including calcium and 
phosphate levels, liver function tests, and levels of thyroid-
stimulating hormone, 25-hydroxy vitamin D and parathyroid 
hormone — if there are any abnormalities refer to a specialist with 
an interest in osteoporosis at initiation of ADT.

• Monitor BMD and biochemical parameters annually while on ADT 
(BMD measurement is reimbursed under Medicare for studies 
every 2 years, but it is recommended that BMD be repeated 
annually, particularly for patients with an initial T score of <-1.5 
at any site). ◆

2 Recommendations for vitamin D and calcium 
supplementation13,22,23

•  Oral calcium and vitamin D supplementation is recommended for 
all men diagnosed with prostate cancer whether or not they are 
being treated with androgen deprivation therapy.

• A minimum of 500 mg daily of an oral calcium supplement should 
be given in addition to dietary sources of calcium.

• If vitamin D levels are greater than 60 nmol/L, supplementation 
with at least 400 IU of vitamin D daily should be given; higher 
doses of 600–1000 IU/day may be required by men aged over 
70 years.

• Men with vitamin D deficiency (level, < 60 nmol/L) require higher 
doses and should be given 3000–5000 IU per day for at least 3 
months, as indicated in a recent Australian position statement.23

• Serum 25-hydoxy-vitamin D levels need to be monitored 
at 3–4-monthly intervals in patients with vitamin D deficiency 
requiring replacement, or annually in those who have 
adequate vitamin D levels. ◆
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ulator, raloxifene, has also been studied in a randomised controlled
trial in patients treated concurrently with ADT, and achieved an
increase in BMD at the hip with 12 months therapy similar to that
reported above with zoledronate (Level II evidence).22

To date, there are no studies evaluating reduction in fracture
with bisphosphonates in patients with prostate cancer. However,
alendronate therapy has been shown to increase BMD and reduce
morphometric spinal fractures in eugonadal and hypogonadal men
with osteoporosis (Level I evidence),26,27 and the effect was
independent of baseline sex hormone levels.

It is clear from the literature on osteoporosis that patients with
pre-existing fracture or with a minimal trauma fracture that
develops during ADT should be treated with an oral bisphospho-
nate (in Australia, either alendronate or risedronate). Given the
evidence that ADT reduces BMD and increases fracture risk, we
propose that bisphosphonate therapy needs to be considered in
individuals at high risk of developing fracture, either because of
low pre-existing BMD (osteoporotic levels) or with significant loss
of BMD while on therapy (ie, levels fall to the osteoporotic range
on therapy). The choice of bisphosphonates in those without
fracture will vary between individuals and will need to take into
account the costs of therapy. The first choice should be an oral
bisphosphonate such as alendronate or risedronate, which are
currently authorised for use in male osteoporosis with fracture.
Where these are not tolerated, reports have shown prevention of
bone loss with doses of pamidronate varying between 60 mg at 3-
monthly intervals and 90 mg at 6-monthly intervals (Level I
evidence),12,13 and zoledronate at a dose of 4 mg at 3-monthly
intervals (Level II evidence).25 However, pamidronate and zoledro-
nate are not currently authorised for use in osteoporosis in
Australia. Similarly, raloxifene has been shown to prevent bone
loss in ADT, but is also not currently authorised in Australia for use

in male osteoporosis. Choice of therapy needs to be balanced
against potential complications of therapy. Pamidronate and
zoledronate are much more likely to be associated with
osteonecrosis of the jaw than alendronate or risedronate.28

Raloxifene is associated with a higher risk of venous thrombosis,
with one episode in 24 patients treated with ADT and raloxifene
having been reported.22

Monitoring and treatment of patients on androgen 
deprivation therapy

Box 3 shows a flow diagram we have developed to assist in
monitoring and treatment of patients receiving ADT. Validation of
our recommendations awaits prospective randomised controlled
trials of reduction in fracture rates with therapy in patients treated
with ADT, and not just prevention of bone loss as measured by
BMD. In the interim, we encourage all doctors to monitor bone
health in patients treated with ADT to minimise the impact of this
therapy on bone loss, and to prevent morbidity in long-term
prostate cancer survivors.

Unresolved issues

• What is the effect on survival of using ADT in asymptomatic
localised disease or with rising prostate-specific antigen level
following radiation therapy or radical prostatectomy? There is the
potential to cause reduction in survival with ADT. In patients with
prostate cancer treated with chronic androgen suppression ther-
apy, onset of skeletal fractures after diagnosis of prostate cancer has
been shown to independently predict overall survival.29 Additional
costs of care from use of both ADT and therapy for osteoporotic
fracture need to be evaluated and survival benefit (if any) deter-
mined.
• Does bisphosphonate therapy prevent fracture in patients with
osteoporosis and prostate cancer with or without ADT?
• How long should bisphosphonate therapy continue, and does
duration depend on BMD or on the duration of ADT? Recent
literature suggests durations of therapy up to a maximum of 5
years may be appropriate to avoid complications of bisphospho-
nate therapy, such as non-osteoporotic fractures resulting from
excessive suppression of bone turnover30,31 and osteonecrosis of
the jaw.28 There is one reported case of osteonecrosis of the jaw in
a patient with prostate cancer treated with zoledronate.32
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