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PERSPECTIVE  BONE METABOLISM

Osteoporosis is a common problem in Australia, with two in five
women and one in eight men aged 70 years and over having 
osteoporosis according to bone mineral density (BMD) criteria.1

The incidence of low trauma fracture is even higher.2 Although morbid-
ity and mortality are highest following a hip fracture there is an increased
risk of mortality following any low trauma fracture.2-4 Treatment of osteo-
porosis reduces mortality, as well as preventing further fractures,5-7 yet
fewer than 20% of people in Australia with a previous osteoporotic frac-
ture are actually treated for osteoporosis.8-10

Treatment options for osteoporosis have dramatically changed over 
the past 15 years. Options now include bone-building (anabolic) and
antiresorptive medications, choice of oral or parenteral administration,
and varying dosing regimens from daily through to yearly administration
(see Table 1). Three new parenteral antiosteoporotic therapies are avail-
able in Australia – zoledronic acid, denosumab and teriparatide. This
article discusses their mechanism of action, efficacy, side effect profile, and
how they fit into the current osteoporosis treatment schema.

Zoledronic acid
Zoledronic acid is a potent intravenous bisphosphonate agent. It is admin-
istered by intravenous infusion over 15 minutes at a dose of 5 mg once per
year. It is currently subsidised on the PBS (see Table 2 for details) for up
to six years of treatment. 
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Treatment options for osteoporosis have
dramatically changed over the past 15 years. 
The newer parenteral therapies, zoledronic acid,
denosumab and teriparatide, are all effective
treatment options with differing mechanisms of
action. Here we review these new agents and
compare their relative merits with existing oral
medications for osteoporosis.

Key points

• Treatment of osteoporosis reduces mortality, as well

as preventing further fractures, yet fewer than 20%

of people in Australia with a previous osteoporotic

fracture are actually treated for osteoporosis.

• Treatment options for osteoporosis now include

bone-building (anabolic) and antiresorptive drugs, 

a choice of oral or parenteral administration, and

varying dosing regimens from daily through to yearly

administration.

• Longer dosing intervals for zoledronic acid and

denosumab largely eliminate the issue of 

self-determined adherence and persistence.

• A parenteral route of administration for treatment 

of osteoporosis does not automatically confer better

efficacy.
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Commentary from the Editor-in-Chief

This lucid article focuses on a specific topic in

osteoporosis pharmacotherapy. The reader is reminded

that in people diagnosed with osteoporosis, excluding

secondary causes of osteoporosis, optimising both

calcium and vitamin D status and also falls prevention

strategies, are also important in any management

approach to osteoporosis. 

Professor Stephen Twigg  MB BS, PhD(Syd) FRACP

Downloaded for personal use only. No other uses permitted without permission. © MedicineToday 2012.

Copyright _Layout 1  17/01/12  1:43 PM  Page 4



OCTOBER 2012, VOLUME 1, NUMBER 3  EndocrinologyToday 23

Mechanism of action
As with all aminobisphosphonates, zoledronic acid targets bone 
surfaces throughout the skeleton, where it is then internalised by
osteoclasts and inhibits their function and survival.11 

Evidence of efficacy
The Health Outcomes and Reduced Incidence with Zoledronic Acid
Once Yearly (HORIZON) pivotal study was a randomised, placebo-
controlled trial in nearly 8000 women with osteoporosis. This study
showed that a once-yearly infusion of 5 mg for three years reduced
the risk of vertebral fracture by 70% (10.9% vs 3.3%) and hip 
fracture by 41% (2.5% vs 1.4%).12

Duration of therapy and frequency of dosing
Zoledronic acid has an extremely long duration of action,
which raises questions about duration of therapy and frequency of
dosing.

A three-year extension of the HORIZON trial, comparing
patients continued on annual treatment with those switched to
placebo, showed only a slight decrease in BMD at the femoral neck
in the placebo group compared with the treatment group (with an
absolute difference of 1%), with similar results at other sites. There
was no significant difference in clinically evident vertebral and non-
vertebral fractures between the two groups; however, there was a
significantly higher rate of morphological vertebral fracture in
patients who discontinued treatment (6.2% vs 3%).13 A similar pic-
ture was seen for alendronate, another long-acting bisphosphonate. 

The US Food and Drugs Administration recently recommended
that patients on long-acting bisphosphonates (e.g. zoledronic acid 
and alendronate) be re-evaluated after three to five years regarding 
benefits of continuing bisphosphonate therapy, although they also
indicated that patients with severe osteoporosis may still benefit 
from continued treatment.14 It is worth noting that re-evaluation does
not necessarily equate to automatic cessation of therapy and it may
be entirely appropriate for many patients to continue treatment
beyond this time frame. 

Zoledronic acid has a prolonged effect in suppressing bone
turnover, with antiresorptive effects seen out to five years after a 

single dose.15 Whether a single dose confers the same fracture 
protection as repeated annual dosing is yet to be determined. 

Side effects
Common adverse effects of zoledronic acid are flu-like post-dose
symptoms (e.g. chills, fever, myalgia, nausea, bone pain), especially
after the first infusion. These symptoms can be very debilitating but
usually respond well to simple analgesics (e.g. paracetamol).16 The
initial HORIZON trial also found an increase in atrial fibrillation in
the treatment group, although this was not found in other pivotal
trials.7,13 As it is renally excreted, zoledronic acid is contraindicated in
patients with a creatinine clearance of less than 35 mL/min. 

Use of bisphosphonates in patients with severe vitamin D defi-
ciency has been associated with hypocalcaemia and, rarely, tetany. It
is important, therefore, to ensure that vitamin D levels are adequate
before zoledronic acid is administered (with 25-hydroxyvitamin D 
levels of at least 50 nmol/L, although arguably patients with osteo-
porosis may need a higher level for optimal bone health) and to
consider patients’ calcium intake. In the pivotal trials of zoledronic
acid, all patients were given calcium and vitamin D therapy.7,12

Zoledronic acid is also used in patients with malignancy to pre-
vent skeletal events, at considerably higher dosing frequency than
that used for osteoporosis. In such patients, who often have several
other comorbidities, including exposure to radiation and high-
dose corticosteroids, zoledronic acid has been associated with
osteonecrosis of the jaw (ONJ). In the pivotal trials of zoledronic
acid for osteoporosis, there was no difference in ONJ between cases
and controls.7,12,13 A task force for the American Society for Bone
and Mineral Research suggested the risk of ONJ for intravenous 
bisphosphonates at doses used in patients with osteoporosis is likely
to be similar to that seen for oral bisphosphonates, estimated at
one in 10,000 to 100,000 patient-treatment years;17 although it was
acknowledged that intravenous bisphosphonates had not been
available for a long period of time.

Atypical fracture has been reported with zoledronic acid although
it remains a very uncommon event (accounting for only six of the 
310 cases reported in the literature by 2010).18 With increasing use
in the osteoporotic population this rate may increase.

Table 1. Mechanism, delivery method, dose frequency and duration of available drugs for osteoporosis

Medications Mechanism Delivery method Dose frequency Current prescribing 

Antiresorptive Anabolic Oral Subcutaneous Intravenous
duration

Alendronate + + Daily or weekly Unlimited†

Risedronate + + Daily, weekly or monthly Unlimited†

Zoledronic acid + + Yearly 6 years

Raloxifene + + Daily Unlimited

Strontium ranelate* + (+) + Daily Unlimited

Teriparatide + + Daily 18 months

Denosumab + + Six-monthly 3 years

* Strontium ranelate may have other effective mechanisms of action also.
† Review ongoing prescribing after 3 to 5 years particularly for longer-acting bisphosphonates, although note it may be appropriate to continue treatment in many patients.
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Denosumab
Denosumab is the first available biological treatment for osteoporo-
sis. It is a fully humanised monoclonal antibody against receptor acti-
vator of nuclear factor kappa-B ligand (RANK-L). It is administered
at a dose of 60 mg subcutaneously at six-month intervals. It is sub-
sidised on the PBS for three years of treatment (see Table 2).

Mechanism of action
RANK-L is secreted by osteoblasts and binds to its receptor (RANK) on
osteoclasts, resulting in osteoclast recruitment, differentiation and 
activation. Blockade of RANK-L by denosumab potently decreases
osteoclast activity; therefore, denosumab is a powerful antiresorptive
drug. Denosumab is cleared by the reticuloendothelial system. There is
a  clear offset of action at about six months due to clearance of the drug.19

Evidence of efficacy
The Fracture Reduction Evaluation of Denosumab in Osteoporosis
Every 6 Months (FREEDOM) trial was a randomised placebo-
controlled trial in nearly 8000 women with osteoporosis. Twice-
yearly subcutaneous denosumab at a dose of 60 mg for three years
reduced the risk of vertebral fracture by 68% (7.2% vs 2.3%) and
nonvertebral fractures by 20% (8.0% vs 6.5%).20

Duration of therapy
Denosumab is different to long-acting bisphosphonates due to its
near-complete cessation of action after about six months. Although
long-acting in the sense of providing six months’ antiresorption with
a single dose, denosumab does not have a long persistence of bone
protection effects. A strong offset rebound effect is seen when
denosumab is ceased, with BMD falling back to the pretreatment
baseline level within 12 months after discontinuation.21 This sug-
gests that once started, treatment needs to be continued or followed
up by another antiosteoporosis medication.22

Side effects
In the FREEDOM trial, patients receiving denosumab had a signif-
icantly higher rate of cellulitis (0.3% vs 0.1%) and other skin 
disorders, including eczema, rash and pruritis (12% vs 9.1%) com-
pared with placebo.20 However, there was no difference in rates of 
cellulitis or eczema in the FREEDOM extension study.23

As is the case with bisphosphonates, use of this antiresorptive 
agent has been associated with hypocalcaemia with its risk of tetany,
particularly in patients with vitamin D deficiency. Patients in the piv-
otal FREEDOM trial were supplemented with calcium and vitamin
D according to their baseline vitamin D level. The authors adopt a
similar approach in ensuring sufficient vitamin D and calcium as for
zoledronic acid. 

No cases of ONJ were observed in the pivotal FREEDOM trial.
In the FREEDOM extension study, two patients previously on placebo
were adjudicated as having ONJ within a few months of switching to
denosumab; both cases subsequently healed.23 When used at high
dose in patients with malignancy to prevent skeletal events, the inci-
dence of ONJ with denosumab is similar to that seen with zoledronic
acid (2% vs 1.4% with zoledronic acid).24

One case of atypical fracture has now been reported in a patient
treated with denosumab.  

Denosumab is not renally excreted and therefore there is no
dosage adjustment for patients with renal impairment. 

Teriparatide
Teriparatide is a recombinant truncated form of parathyroid hor-
mone (PTH), consisting of the first 34 amino acids of the hormone.
It is administered subcutaneously at a dose of 20 µg once daily, and
is PBS subsidised for men and women with severe osteoporosis
(BMD T-score of -3 or less with a further osteoporotic fracture 
after at least 12 months of antiresorptive treatment following an
initial low trauma fracture) for 18 months’ treatment (Table 2).

Table 2. PBS indications for parenteral therapies for osteoporosis

Medication Primary prevention Secondary prevention

Zoledronic acid

Denosumab

Teriparatide

Osteoporosis in a patient aged ≥70 years with a
BMD T-score of -3.0 or less
Corticosteroid-induced osteoporosis in a patient
currently on long-term (>3 months), high-dose (at
least 7.5 mg prednisolone or equivalent) cortico-
steroid therapy with a BMD T-score of -1.5 or less

Osteoporosis in a woman aged ≥70 years with a
BMD T-score of -2.5 or less

Established osteoporosis in a patient with fracture due to
minimal trauma

Established osteoporosis in a postmenopausal woman with
fracture due to minimal trauma

Severe, established osteoporosis in a patient with a very high
risk of fracture who has a BMD T-score of -3.0 or less, has had
two or more fractures due to minimal trauma, and has
experienced at least one symptomatic new fracture after at
least 12 months continuous therapy with an antiresorptive
agent at adequate doses
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Teriparatide is currently limited to specialist initiation but can be
continued by a GP. 

Mechanism of action
Teriparatide was the first available anabolic agent for osteoporosis.
Although continuous exposure to excess PTH levels (as seen with pri-
mary hyperparathyroidism) causes bone resorption and osteoporosis,
intermittent exposure to PTH has an overall ‘bone-building’ effect
through its anabolic effects on osteoblasts via multiple mechanisms.25

Evidence of efficacy
Daily subcutaneous teriparatide at a dose of 20 µg compared with
placebo in 1637 postmenopausal women with previous vertebral
fracture resulted in a reduction in new vertebral fractures by 65% (14%
vs 5%) and nonvertebral fractures by 53% (6% vs 3%). Although
fewer hip fractures were seen in the treatment group compared with
placebo, the numbers were extremely small and nonsignificant.26

Duration of therapy
After 18 months of treatment, patients should be commenced on an
antiresorptive drug to protect against rapid loss of the bone gained. 

Side effects
Serum calcium levels increase after each dose of teriparatide, but usu-
ally remain within the normal range (mean increase of 0.2 mmol/L)
and in most patients return to normal before the next dose.
Similarly, hypercalciuria can occur (median increase in daily excre-
tion of 0.75 mg).26 Teriparatide is therefore not advised for patients
with primary hyperparathyroidism and/or a history of renal
nephrolithiasis. Many physicians monitor serum calcium levels at
one month and six monthly thereafter; calcium intake can be
adjusted if significant hypercalcaemia occurs.27

In toxicology studies, prolonged exposure to high-dose teri-
paratide resulted in increased rates of osteosarcoma in rats.28

Teriparatide should not be prescribed for patients at high under-
lying risk of osteosarcoma (e.g. due to previous bone irradiation,
Paget’s disease, open epiphyses); and use of PTH in younger patients
with a long life expectancy should be carefully considered. However,
no increase in risk of osteosarcoma has been observed in postmar-
keting surveillance to date.

So why use a parenteral medication?
Adherence to therapy
The mainstay of osteoporosis treatment for many years was oral bis-
phosphonate therapy, with the recent addition of strontium ranelate.
Although these medications decrease osteoporotic fractures, in real-
world use their efficacy is compromised by poor adherence and 
persistence, which is due to side effects, complex dosing instructions,
and the often asymptomatic nature of osteoporosis.29,30 A recent study
found that only about 30% of patients persisted with their oral osteo-
porosis treatment for one year; even weekly and monthly dosing 
regimens had persistence rates of less than 50% at six months.29

The much longer dosing intervals for zoledronic acid and deno-
sumab largely eliminate the issue of self-determined adherence and
persistence. Although the daily injections required with teriparatide
might be expected to reduce adherence and persistence, the 
severity of osteoporosis in patients who qualify for this treatment
results in a highly motivated patient group.31

Side effect profile
Not surprisingly, gastrointestinal side effects (such as reflux or 
dyspepsia with bisphosphonates and diarrhoea with strontium) are
usually eliminated with parenteral therapies.

Bioavailability
Many of the oral agents for osteoporosis have poor absorption,
reduced further if patients do not take their medications exactly as
recommended, resulting in low bioavailability. Parental adminis-
tration bypasses these issues, ensuring optimal bioavailability. 

Accessibility
Zoledronic acid and denosumab are listed on the PBS for both
primary and secondary prevention of osteoporosis. Teriparatide is
not a first-line treatment for osteoporosis and is available on the
PBS only to patients fulfilling strict criteria (see Table 2). 

Subcutaneous injections, as required for denosumab and 
teriparatide, can easily be given in the community. Intravenous
delivery of zoledronic acid may be problematic for some general
practices, although the pharmaceutical company supports a com-
munity infusion program including home administration.

Is efficacy improved?
It is important to note that a parenteral route of administration does
not automatically confer better efficacy. Head-to-head comparisons
between osteoporosis treatments are rare. A recent meta-analysis com-
paring the efficacy of the available treatments concluded that
teriparatide was the most effective at preventing vertebral, hip and
nonvertebral fractures, with bisphosphonates (oral and parenteral)
and denosumab essentially tied for second place. Overall, however, the
differences in efficacy of all drugs used in osteoporosis were small.32

Conclusion
It is exciting to see major breakthroughs in our understanding of  bone
biology resulting in new and effective treatments for osteoporosis. So
to answer the question – why use parenteral therapies? – these newer
medications allow better individualisation of our treatment options
to meet the needs of patients with osteoporosis. ET

References
A list of references is available on request to the editorial office.

COMPETING INTERESTS: Dr Lazarus: None. Associate Professor Duncan
receives: honoraria for speaking at meetings from Amgen, Lilly, MSD, Novartis,
and Sanofi-Aventis; support for the costs of the Brisbane Bone Group (which
she currently chairs) from Amgen, Lilly, MSD, Novartis, Sanofi-Aventis and
Servier; and funding for a current clinical trial with Amgen.

Downloaded for personal use only. No other uses permitted without permission. © MedicineToday 2012.

Copyright _Layout 1  17/01/12  1:43 PM  Page 4



EndocrinologyToday OCTOBER 2012, VOLUME 1, NUMBER 3

PERSPECTIVE  PARENTERAL THERAPIES FOR OSTEOPOROSIS CONTINUED

References
1. Henry MJ, Pasco JA, Nicholson GC, Kotowicz MA. Prevalence of osteoporosis in

Australian men and women: Geelong Osteoporosis Study. Med J Aust 2011; 195: 321-322.

2. Center JR, Nguyen TV, Schneider D, Sambrook PN, Eisman JA. Mortality after all major

types of osteoporotic fracture in men and women: an observational study. Lancet 1999; 353:

878-882.

3. Johnell O, Kanis JA. An estimate of the worldwide prevalence and disability associated

with osteoporotic fractures. Osteoporos Int 2006; 17: 1726-1733.

4. Katelaris AG, Cumming RG. Health status before and mortality after hip fracture. Am J

Public Health 1996; 86: 557-560.

5. Bolland MJ, Grey AB, Gamble GD, Reid IR. Effect of osteoporosis treatment on mortality:

a meta-analysis. J Clin Endocrinol Metab 2010; 95: 1174-1181.

6. Center JR, Bliuc D, Nguyen ND, Nguyen TV, Eisman JA. Osteoporosis medication and

reduced mortality risk in elderly women and men. J Clin Endocrinol Metab 2011; 96: 

1006-1014.

7. Lyles KW, Colon-Emeric CS, Magaziner JS, et al. Zoledronic acid in reducing clinical

fracture and mortality after hip fracture. N Engl J Med 2007; 357: nihpa40967.

8. Eisman J, Clapham S, Kehoe L. Osteoporosis prevalence and levels of treatment in

primary care: the Australian BoneCare Study. J Bone Miner Res 2004; 19: 1969-1975.

9. Teede HJ, Jayasuriya IA, Gilfillan CP. Fracture prevention strategies in patients

presenting to Australian hospitals with minimal-trauma fractures: a major treatment gap.

Intern Med J 2007; 37: 674-679.

10. Port L, Center J, Briffa NK, Nguyen T, Cumming R, Eisman J. Osteoporotic fracture:

missed opportunity for intervention. Osteoporos Int 2003; 14: 780-784.

11. Russell RG, Xia Z, Dunford JE, et al. Bisphosphonates: an update on mechanisms of

action and how these relate to clinical efficacy. Ann N Y Acad Sci 2007; 1117: 209-257.

12. Black DM, Delmas PD, Eastell R, et al. Once-yearly zoledronic acid for treatment of

postmenopausal osteoporosis. N Engl J Med 2007; 356: 1809-1822.

13. Black DM, Reid IR, Boonen S, et al. The effect of 3 versus 6 years of zoledronic acid

treatment of osteoporosis: a randomized extension to the HORIZON-Pivotal Fracture Trial

(PFT). J Bone Miner Res 2012; 27: 243-254.

14. Whitaker M, Guo J, Kehoe T, Benson G. Bisphosphonates for osteoporosis -- where do

we go from here? N Engl J Med 2012; 366: 2048-2051.

15. Grey A, Bolland MJ, Horne A, et al. Five years of anti-resorptive activity after a single

dose of zoledronate - Results from a randomized double-blind placebo-controlled trial. Bone

2012.

16. Wark JD, Bensen W, Recknor C, et al. Treatment with acetaminophen/paracetamol or

ibuprofen alleviates post-dose symptoms related to intravenous infusion with zoledronic acid

5 mg. Osteoporos Int 2012; 23: 503-512.

17. Khosla S, Burr D, Cauley J, et al. Bisphosphonate-associated osteonecrosis of the jaw:

report of a task force of the American Society for Bone and Mineral Research. J Bone Miner

Res 2007; 22: 1479-1491.

18. Shane E, Burr D, Ebeling PR, et al. Atypical subtrochanteric and diaphyseal femoral

fractures: report of a task force of the American Society for Bone and Mineral Research. J

Bone Miner Res 2010; 25: 2267-2294.

19. Lacey DL, Boyle WJ, Simonet WS, et al. Bench to bedside: elucidation of the OPG-RANK-

RANKL pathway and the development of denosumab. Nat Rev Drug Discov 2012; 11: 

401-419.

20. Cummings SR, San Martin J, McClung MR, et al. Denosumab for prevention of fractures

in postmenopausal women with osteoporosis. N Engl J Med 2009; 361: 756-765.

21. Bone HG, Bolognese MA, Yuen CK, et al. Effects of denosumab treatment and

discontinuation on bone mineral density and bone turnover markers in postmenopausal

women with low bone mass. J Clin Endocrinol Metab 2011; 96: 972-980.

22. Boonen S, Ferrari S, Miller PD, et al. Postmenopausal osteoporosis treatment with

antiresorptives: Effects of discontinuation or long-term continuation on bone turnover and

fracture risk-a perspective. J Bone Miner Res 2012;27: 963-974.

23. Papapoulos S, Chapurlat R, Libanati C, et al. Five years of denosumab exposure in

women with postmenopausal osteoporosis: results from the first two years of the FREEDOM

extension. J Bone Miner Res 2012; 27: 694-701.

24. Stopeck AT, Lipton A, Body JJ, et al. Denosumab compared with zoledronic acid for the

treatment of bone metastases in patients with advanced breast cancer: a randomized,

double-blind study. J Clin Oncol 2010; 28: 5132-5139.

25. Aslan D, Andersen MD, Gede LB, et al. Mechanisms for the bone anabolic effect of

parathyroid hormone treatment in humans. Scand J Clin Lab Invest 2012; 72: 14-22.

26. Neer RM, Arnaud CD, Zanchetta JR, et al. Effect of parathyroid hormone (1-34) on

fractures and bone mineral density in postmenopausal women with osteoporosis. N Engl J

Med 2001; 344: 1434-1441.

27. Hodsman AB, Bauer DC, Dempster DW, et al. Parathyroid hormone and teriparatide for

the treatment of osteoporosis: a review of the evidence and suggested guidelines for its use.

Endocr Rev 2005; 26: 688-703.

28. Vahle JL, Sato M, Long GG, et al. Skeletal changes in rats given daily subcutaneous

injections of recombinant human parathyroid hormone (1-34) for 2 years and relevance to

human safety. Toxicol Pathol 2002; 30: 312-321.

29. Li L, Roddam A, Gitlin M, et al. Persistence with osteoporosis medications among

postmenopausal women in the UK General Practice Research Database. Menopause 2012;

19: 33-40.

30. Penning-van Beest FJ, Goettsch WG, Erkens JA, Herings RM. Determinants of

persistence with bisphosphonates: a study in women with postmenopausal osteoporosis.

Clin Ther 2006; 28: 236-242.

31. Ziller V, Zimmermann SP, Kalder M, et al. Adherence and persistence in patients with

severe osteoporosis treated with teriparatide. Curr Med Res Opin 2010; 26: 675-681.

32. Murad MH, Drake MT, Mullan RJ, et al. Comparative effectiveness of drug treatments to

prevent fragility fractures: a systematic review and network meta-analysis. J Clin Endocrinol

Metab 2012; 97: 1871-1880.

Downloaded for personal use only. No other uses permitted without permission. © MedicineToday 2012.

Copyright _Layout 1  17/01/12  1:43 PM  Page 4


