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Abstract

Osteoporosis is a systemic disorder characterized by low bone mass and microarchitectural deterioration of bone tissue with a consequent increase in bone fragility and susceptibility to fracture. It has a significant impact on public health through the increased morbidity, mortality, and economic costs associated with fractures. Despite the severe medical and socioeconomic consequences of fragility fractures, relatively few adults with fractures are evaluated and/or treated for osteoporosis. In this review, we summarize the existing treatment options and promising new therapies for the prevention and treatment of osteoporosis. 
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Introduction

Osteoporosis is a systemic disorder characterized by low bone mass and microarchitectural deterioration of bone tissue with a consequent increase in bone fragility and susceptibility to fracture [1]. It has a significant impact on public health through the increased morbidity, mortality, and economic costs associated with fractures. Despite its high prevalence within the UK post-menopausal population, relatively few adults with fractures are evaluated and/or treated for osteoporosis. Given that the lifetime incidence of any fracture in a 50 year old in Britain is 40% for women and 13% for men, increased awareness of the condition, and the therapeutic options available are critical. In this review, we summarize the existing treatment options (Fig1) and promising new therapies for the prevention and treatment of osteoporosis.

Bisphosphonates

The mainstay of osteoporosis treatment, bisphosphonates have continually evolved to give increased efficacy. They are structural analogues of inorganic pyrophosphate that have a strong affinity for bone hydroxyapatite but are resistant to enzymatic and chemical breakdown. Bisphosphonates inhibit bone resorption by reducing the recruitment and activity of osteoclasts and increasing apoptosis.1,2 Increases in bone mineral density (BMD) arise from the inhibition of bone resorption, reduced activation frequency of bone-remodelling units and increases in secondary mineralization of preformed osteons. 

Bisphosphonates have proven efficacy for prevention of bone loss caused by ageing, oestrogen deficiency and glucocorticoid use, and are licensed for treatment of postmenopausal osteoporosis, prevention and treatment of corticosteroid-induced osteoporosis and treatment of osteoporosis in men. Four bisphosphonates (alendronate, risendronate, ibandronate and zolendronate) are currently approved for the prevention and treatment of osteoporosis.

Alendronate

Several randomized controlled studies have demonstrated that alendronate increases bone mineral density (BMD) and decreases the risk of osteoporotic fractures. In a meta-analysis of 11 trials of alendronate therapy in postmenopausal women, the relative risk (RR) of vertebral fractures and non-vertebral fractures was 0.55 and 0.84 respectively 3.  In the Fracture Intervention Trial (FIT), one of the largest trials in postmenopausal women with low bone density, there were two study arms comparing daily alendronate and placebo 4. The vertebral fracture arm of FIT was the first randomized trial to show a reduction in fractures with any agent. A total of 2027 women with prevalent fractures received either alendronate (5 mg/day for 2 years, 10 mg/day for 1 year) or placebo. The incidence of new fractures was reduced by 50% with alendronate treatment compared with placebo (47, 48 and 51% for radiographic vertebral, wrist fractures and hip fractures, respectively). In the clinical fracture arm of FIT, 4432 women without prevalent vertebral fractures showed a decrease of 50% in the first incident vertebral fracture and a modest 12% reduction in clinical vertebral fracture ( P = 0.07).5 In post hoc analysis, both non-vertebral and hip fractures (36%) were significantly reduced in those with a hip BMD T-score of -2.5. In the Fracture Intervention Trial Long-term Extension (FLEX), in 1099 postmenopausal women who had previously received alendronate for five years in FIT, women were randomly assigned to an additional five years of alendronate (5 or 10 mg daily) or placebo 6. Women switched to placebo after five years of alendronate were observed to have a gradual decline in BMD and a gradual rise in biochemical markers of bone turnover. The mean BMD remained at or higher than levels 10 years earlier and values of biochemical markers values were still lower than 10 years previously. No significant difference between placebo and alendronate groups in the rate of non-vertebral or morphometric vertebral fractures was reported. However, there was a slightly higher risk of clinical vertebral fractures among women treated in the placebo extension arm (5.3 and 2.4 percent for placebo and alendronate, respectively). While weekly therapy is normally prescribed, BMD and bone turnover effects of 10 mg/day are similar to those for 70 mg/week.7

Risedronate

Risedronate is another potent bisphosphonate that also produces very positive effects on bone mass and bone turnover. In a meta-analysis of eight randomized trials of risedronate versus placebo in postmenopausal women, the RR for vertebral and non-vertebral fractures with risedronate was 0.64 and 0.73, respectively 8. The Vertebral Efficacy with Risedronate (VERT) study of 2458 postmenopausal women with osteoporosis showed increase in  lumbar spine BMD  by 5.4%% and femoral neck BMD by 1.6% in the risedronate group, as compared with 1.1% and -1.2% respectively, in the placebo group over 3 years.9 Risedronate 5 mg/day was shown to reduce vertebral fractures by 40–50% in two 3-year studies of over 3600 women with prevalent vertebral fractures.9,10 The Hip Intervention Program (HIP) study (2.5 and 5 mg/day risedronate versus placebo) studied 9331 women (age >70 years) at high risk of hip fracture and showed that risedronate reduces the risk of hip fracture among elderly women with confirmed osteoporosis, but not among elderly women selected primarily on the basis of risk factors.11  Although risedronate decreased overall hip fracture risk by 30%, the rate of hip fracture was reduced significantly only in the subset of women aged 70–79 years with a very low BMD (hip T-score, below –3).However, among those over 80 years, there was only a non-significant trend towards hip fracture reduction (20%); of note recruitment of these patients was not based on a low BMD score but, instead, each subject had at least one non-skeletal risk factor for hip fracture. Post hoc analyses of the Phase 3 trials suggest that risedronate decreases the incidence of non-vertebral fractures within 6 months of starting treatment12.

Ibandronate

Ibandronate is a potent, nitrogen‐containing bisphosphonate that can be administered with extended intervals between doses. Given as a once-monthly 150 mg oral formulation is available for both prevention and treatment of osteoporosis. A daily dose of 2.5 mg/day, ibandronate has been shown to increase spine BMD by 5% and hip BMD by 3–4% over 3 years.13 Patients taking 2.5 mg a day were shown to have a 50% reduction in incident vertebral fractures, but there was no overall reduction in non-vertebral fractures. The results of subsequent MOBILE (Monthly Oral iBandronate In LadiEs) trial in 1609 postmenopausal women with osteoporosis, randomly assigned to receive three once‐monthly oral ibandronate regimens, suggest that superior increases in BMD can be achieved with the monthly preparation (150 mg) 14. A recent trial compared 3 mg i.v. ibandronate with oral 2.5 mg/day, and found similar or greater gains in BMD and similar bone suppression that lasted up to 3 months 15. Meta-analyses of phase III studies, in which fracture data were collected as adverse effects, have shown a reduction in non-vertebral fractures with higher doses of ibandronate16,17. However, there is no direct fracture efficacy data for IV ibandronate.

Zolendronate

Zoledronic acid is the most recently licensed bisphosphate. Annual infusions of zoledronic acid 5 mg over 3 years have been shown to produce stable reductions in biochemical markers of bone turnover, to produce sustained increases in bone mineral density (BMD), and to reduce the incidence of vertebral, hip, and nonvertebral fractures compared with placebo in women with postmenopausal osteoporosis. In a randomized controlled trial of 3889 patients with established osteoporosis, there was a 70% reduction in vertebral fracture and 41% reduction in hip fracture compared with placebo.18 The benefits of therapy seemed sustained over the 3- year follow-up. There was a small increase in the treated group of patients developing atrial fibrillation. The effect of this treatment was also examined in patients who had sustained a hip fracture within the last 90 days. 19 There was a 35% risk reduction of any clinical fracture with zoledronic acid. A 28% reduction in deaths was also seen over the mean 1.9- year follow-up compared with placebo. An increased risk of atrial fibrillation in the treated group was not observed in this study. In a further study the efficacy of 6 years of continuous annual use of Zolendronic acid was compared with discontinuation after 3 years in 1233 women20 . Bone mineral density at the femoral neck was slightly lower at follow up in subjects treated for 3 years compared to 6 years (between treatment difference of 1.04%). Other BMD sites showed similar differences. Similar effect was observed with biochemical markers which remained well below pretreatment levels in both groups, but rose by 14% more in 3 year treatment arm. There was no difference for any type of clinical fracture between the groups, although a 49% lower risk of morphometric vertebral fractures was found in those continuing on zolendronic acid for 6 years. Small differences in bone density and markers in those who continued versus those who stopped treatment suggest residual effects. 

More recently, data regarding the duration of effect of single doses of zoledronic acid on BMD, markers of bone turnover and fracture risk have become available. In a randomized, controlled trial of 50 postmenopausal women with osteopenia, markers remained suppressed by at least 40%, and BMD was 4.2% and 5.3% higher in the spine and hip, respectively, at 5 years21. These changes in BMD and markers were stable from 12 to 60 months. A total of 1367 subjects from 2 clinical trials received only 1 infusion of zolendronic acid. A post hoc analysis of data combined from these studies showed significant reduction of a 32% in clinical fracture over 3 years after a single infusion.22 These results were comparable with a fracture reduction of 34% seen in those who had 3 or more annual infusions of zoledronic acid.

Side effects and safety issues

Although bisphosphonates are generally well tolerated, potential adverse effects may limit they use in some patients. A significant proportion (10–30%) of patients receiving their first intravenous dose of bisphosphonates experience acute phase reactions such as fever and myalgia; these rarely occur with repeated administration. Pre-treatment with histamine blockers or antipyretics may reduce these symptoms. Upper GI adverse effects are the most commonly cited reason for patient intolerance to oral bisphosphonates. This association is thought to be due to erosive esophagitis resulting from suboptimal administration. To minimize the chance of oesophageal irritation, the tablet must be taken in the fasting state, with nothing but water orally for at least 30 min after ingestion and the patient should remain upright until after eating in order to avoid reflux of the drug into the oesophagus. 

There have been widely published reports of osteonecrosis of the jaw (ONJ) associated with bisphosphonate use, but these have been primarily confined to oncology patients, receiving frequent large doses of intravenous bisphosphonates. The incidence of ONJ in patients with cancer has been estimated to be 1 to 10 per 100 patients. In patients with osteoporosis, much lower doses of bisphosphonates are used, and a causal link has not been established between low dose oral or intravenous bisphosphonates and osteonecrosis of the jaw. The incidence seems to be between 1 in 10 000 and less than 1 in 100 000 person years of exposure, which may be similar to the incidence seen in the general population.23 Although the risk of osteonecrosis of the jaw in the treatment of osteoporosis seems very low, it is common for patients awaiting dental surgery to have this performed before starting on a bisphosphonate.

The paradoxical association of atypical femoral fractures (AFFs) - low-energy subtrochanteric and diaphyseal femoral fractures, associated with long-term bisphosphonate therapy is an unexpected and recently recognized phenomenon. The results of most observational studies show a small increase in risk of atypical fracture with bisphosphonate use24,25. In a meta-analysis examining the association of bisphosphonates and atypical fractures, the risk of atypical fracture was increased in bisphosphonate users (RR 1.70, 95% CI 1.22-2.37)26. Although the relative risk of patients with AFFs taking bisphosphonates is high, the absolute risk of AFFs in patients on bisphosphonates is low, ranging from 3.2 to 50 cases per 100,000 person-years 27. Therefore, while there is evidence supporting an increased risk of these fractures in bisphosphonate users, their uncommon nature compared with more typical osteoporotic fractures, it is unlikely to change current clinical practice.    

Drug holiday concept

While the safety and efficacy of bisphosphonates for short-term use are well established, their long-term impact is less certain. A re-evaluation of the need for continuing bisphosphonate therapy beyond 3–5 years in individual patients is recommended. Based on the available data, National Osteoporosis Guideline Group (NOGG) recommended that treatment review should be performed after 5 years for alendronate, risedronate or ibandronate and after 3 years for zoledronic acid (fig 2)28. Stopping therapy after three to five years (a "drug holiday") may be reasonable for some patients, as there appears to be residual bone mineral density (BMD) and fracture benefit. However in patients at high risk for fractures (eg, age 75 years or more, existing vertebral or hip fracture, taking continuous oral glucocorticoids in a dose of ≥ 7.5 mg/d prednisolone or equivalent; or femoral neck BMD T-score <-2.5 after an initial course of therapy), continuing treatment beyond 3-5 years may provide some benefit. The potential benefits must be considered in light of the potential risks of long-term therapy. If treatment is discontinued, fracture risk should be reassessed in 1.5-3 years, unless new fracture occurs. In clinical practice, the decision to resume the drug is often based on a combination of factors, including duration of the holiday, decrease in BMD, clinical risk factors for fracture, and increase in markers of bone turnover. 
Strontium

Strontium ranelate is an agent consisting of two atoms of stable strontium and i t is bound to ranelic acid. Strontium is incorporated into bone at the same rate as calcium and has a long half-life. It is preferentially distributed at sites of trabecular rich bone and in new bone. The exact mechanisms of action for strontium ranelate are unclear, but there appear to be both effects on inhibition of osteoclast recruitment and activity, but also an increase of osteoblast proliferation and differentiation.29 This, in turn, leads to increased trabecular bone volume. As strontium has a higher atomic number than calcium, it can result in overestimation of BMD that requires an adjustment for bone strontium content.30. Two major randomized controlled trials have evaluated efficacy and tolerability of 2 g daily strontium ranelate compared with placebo in post-menopausal women. In the Spinal Osteoporosis Therapeutic Intervention (SOTI) clinical trial of 1649 women with established osteoporosis it was reported that strontium ranelate increased Lumbar BMD (adjusted for strontium content) at month 36 by 6.8% over baseline31. Over the 3-year study period, the strontium ranelate group had a 41% lower risk of a new vertebral fracture than the placebo group. In the Treatment of Peripheral Osteoporosis study (TROPOS)  5091 women were studied for 5 years.32 After 3 years, there was a 16% decrease in all non-vertebral fractures compared with placebo. Subgroup analysis from TROPOS demonstrated a 36% reduction in hip fracture risk in women aged 74 years or more with femoral-neck BMD T-score ≤−3.. A pre-planned pooling of data from both SOTI and TROPOS demonstrated significant effects in the elderly (women aged between 80 and 100 years). In this subgroup, strontium ranelate was associated with a reduction of vertebral  and non-vertebral fracture by 59% and 41% respectively after 1 year and 32%  and 31%  respectively after 3 years.33 

A recent pooled analysis in 7,572 postmenopausal women (3,803 strontium ranelate and 3,769 placebo) indicated an increased risk for myocardial infarction (MI) with strontium ranelate, with an estimated annual incidence of 5.7 cases per 1,000 patient-years versus 3.6cases per 1,000 patient-years with placebo34. This translates into an odds ratio (OR) for MI of 1.60 (95 % confidence interval [CI], 1.07–2.38) for strontium ranelate versus placebo (incidences of 1.7 % versus 1.1 %, respectively). Among the cases of MI, fatal events were less frequent with strontium ranelate (15.6 %) than with placebo (22.5 %). In order to reduce the risk in treated patients in routine clinical practice, new contraindications have been proposed for strontium ranelate in patients with a history of cardiovascular disease (history of ischaemic heart disease, peripheral artery disease and cerebrovascular disease, and uncontrolled hypertension)35. Furthermore, The European Medicines Agency has recommended further restricting the use of strontium ranelate to patients who cannot be treated with other medicines approved for osteoporosis. In addition these patients should continue to be evaluated regularly by their doctor and treatment should be stopped if patients develop heart or circulatory problems, such as uncontrolled high blood pressure or angina36.

Denosumab

Denosumab is a fully human monoclonal antibody to the receptor activator of nuclear factor kappaB ligand (RANKL), an osteoclast differentiating factor. It inhibits osteoclast formation, decreases bone resorption, increases bone mineral density (BMD), and reduces the risk of fracture. Denosumab improves bone mineral density (BMD) in postmenopausal women with low BMD. It is indicated to increase bone mass in men and postmenopausal women with osteoporosis who are at high risk of fracture. In postmenopausal women with osteoporosis, denosumab reduces the incidence of vertebral, non-vertebral, and hip fractures. This was best demonstrated in the FREEDOM trial in which 7868 postmenopausal women (60 to 90 years of age) with osteoporosis were randomly assigned to subcutaneous denosumab (60 mg every six months) or placebo37. After three years, denosumab improved BMD at the lumbar spine and total hip compared with placebo (9.2 versus 0 percent and 4.0 versus -2.0 percent, respectively). In addition, biochemical markers of bone turnover were significantly reduced in patients receiving denosumab.  There were no cases of osteonecrosis of the jaw and no cases of atypical fracture in the denosumab group. The FREEDOM trial was extended and women from the FREEDOM denosumab group received 3 more years of denosumab for a total of 6 years and women from the FREEDOM placebo group received 3 years of denosumab38. In 1827 patients receiving continuous denosumab for 6 years there were additional gains in bone mineral density at the lumbar spine and hip (4.9 and 1.8 percent, respectively) leading to a total BMD increase for cumulative 6-year gains of 15.2% (lumbar spine) and 7.5% (total hip). The change in BMD results in the group initially receiving placebo followed by denosumab was similar to the long-term group during the 3-year FREEDOM trial ie gains in lumbar spine (9.4%) and total hip (4.8%) BMD. Reductions in bone turnover markers were maintained and fracture. The incidence of new and worsening vertebral, clinical vertebral and all clinical fractures with long-term denosumab treatment remained low at 3.7%, 0.6% and 4.4% respectively. Overall incidence rates of adverse events did not increase over time. Six participants had events of osteonecrosis of the jaw (4 in continues denosumab group and 2 in 3-year placebo followed by denosumab group). One participant had a fracture consistent with atypical femoral fracture. This fracture occurred in in the 3-year placebo followed by denosumab group.

Raloxifene

Raloxefine, selective oestrogen receptor modulator (SERM) is non-steroidal partial oestrogen agonist that acts preferentially as agonists in bone, but as antagonist in reproductive tissues. Raloxefine is the only SERM currently licensed for the treatment and prevention of osteoporosis. In the Multiple Outcomes of Raloxifene Evaluation (MORE) trial involving 7705 post-menopausal women treated with raloxifene (60 or 120 mg) increased lumbar BMD (2.6% and 2.7%, respectively) and femoral neck BMD( 2.1 and 2.4%, respectively)39. Risk of spinal fracture was reduced in both study groups receiving raloxifene (60 or 120 mg)   by 30 and 50%, respectively. However, the risk of non-vertebral fractures and in particular hip fracture was not reduced. Raloxifene is associated with some oestrogen antagonist effects outside the skeleton. These include worsening of menopausal symptoms. Oestrogen agonist effects include an increase in risk in deep vein thrombosis, but not pulmonary embolisms; there is no increase in cardiovascular disease.

Teriparatide

Human parathyroid hormone (hPTH) is an 84-amino acid peptide hormone that plays a key role in the maintenance of calcium homeostasis.. hPTH increases renal re-absorption of calcium, enhances intestinal calcium absorption via its effect on one hydroxylation of 25(OH)D3 and increases bone remodelling. Intermittent hPTH given by subcutaneous injection has been shown to exert potent anabolic effects on the skeleton. hPTH increases the rate of bone remodelling and results in a positive remodelling balance,In addition, hPTH has other effects on bone material properties and structure that can enhance strength. Though most of the gains in BMD occur in the first few months, anti-fracture efficacy is evident only after six months or more of treatment.

Two forms of recombinant hPTH have been evaluated in clinical trials, hPTH(1–34) and the intact 84-amino acid form, hPTH(1–84). In the Fracture Prevention Trial, 1637 post-menopausal women with two or more prior vertebral fracture were given PTH 1–34 (teriparatide) 20 or 40 μg subcutaneously daily40. Spine BMD increased 9.7% on the 20 μg dose and 13.7% on 40 μg.  In the groups receiving 20μg or 40μg teriparatide the occurrence of new vertebral fractures decreased by 65% and 69% respectively. The risk of new non-vertebral fracture was reduced by 53% and 54% respectively, after a mean of 18 months therapy. This pivotal study was inadequately powered to detect positive treatment effect at any individual site. After termination of the study, the patients who were subsequently followed up still showed a significant reduction in risk for both vertebral and non-vertebral fractures. 

In the Treatment of Osteoporosis with Parathyroid Hormone 1–84 study, 2532 postmenopausal women with or without prior vertebral fractures were randomly assigned to 100 μg of PTH 1–84 or placebo daily by subcutaneous injection for 18 months41. Spine and femoral neck BMD increased in a treatment group by 6.9% and 2.5%, respectively. hPTH(1–84)  was associated with significant reduction (58%) in vertebral fracture risk, but there were no data showing an effect of treatment on non-vertebral risk. It is worth noting that the women in this study had a lower baseline risk of fracture than the women treated with hPTH(1–34) as only 19% of them had radiological evidence of vertebral fracture.. Both forms of PTH are also associated with side effects that include headache, nausea, dizziness and mild transient increases in serum and urine calcium. A life-long carcinogenicity study involving Fischer rats given high lifetime doses of hPTH(1–34) reported increased risk of osteosarcoma42. Although this has not been observed in humans, this therapy is limited to 18 months and is not approved for patients at risk of osteosarcoma including children, patients with a previous history of radiation therapy and Paget’s disease. In most countries, PTH therapy is currently targeted to patients at high risk for fracture. 

Vitamin D and calcium

Vitamin D is a steroid hormone that plays an important role in the regulation of calcium homeostasis and mineralization of bone. Despite fortification of various dietary sources, there is a pandemic of vitamin D insufficiency, particularly in the older population of several European countries. Many clinical trials have now been carried out to determine whether calcium supplements can improve bone density and reduce fractures. In a study of  3270 nursing home residents with osteoporosis or recent fracture, participants were randomized to 1200 mg and 800 IU vitamin D3 daily and calcium or placebo43. After 3 years, the incidence of hip fractures in the treated group was 29% lower and all non-vertebral fractures 24 % lower. This is a population at particularly high risk of vitamin D deficiency and hence may explain the results seen. However such positive results are not found in studies with community dwelling individuals. The Women’s Health Initiative (WHI), a US study of 36 282 post-menopausal women, showed that calcium and vitamin D3 supplementation had no reduction in hip fractures in the intention to treat analysis.44 These findings were confirmed in further randomised controlled trials of calcium (with or without vitamin D), which did not show statistically significant fracture prevention45,46. A meta-analysis of 12 double-blind, randomized, controlled trials for non-vertebral fractures and 8 trials for hip fractures found that non-vertebral fracture prevention with vitamin D was dose dependent and that a higher dose reduced fractures by at least 20% for individuals aged 65 years or older47. Another meta-analysis showed that calcium or vitamin D given separately is not effective for the prevention of vertebral fractures, non-vertebral fractures or hip fractures48. However calcium and vitamin D reduced the risk of hip fractures if given in combination (odds ratio, 0.81; 95% confidence interval, 0.68–0.96). 

Controversies regarding supplementation of Vitamin D and calcium have recently been highlighted. In a randomized controlled trial of high-dose vitamin D (a single annual dose of 500,000 IU or placebo) in elderly community-dwelling women, those receiving high-dose vitamin D had an increased risk of falls (by 15%) and fractures (by 26%)49. In addition, Bolland et al have reported an increased risk for myocardial infarction in women receiving calcium supplements; this increased risk has not been associated with increased dietary calcium intake50.

New therapies

Treatments for osteoporosis over the last few decades have largely focused on antiresorptive agents that effectively prevent bone loss. Teriparatide and PTH 1–84 are the only approved anabolic agents to date that primarily build new bone density. With the better understanding of the pathophysiology of the disease, various new drug targets have been identified. The new emerging treatments for osteoporosis include c-src kinase inhibitors, αVβ3 integrin antagonists, ClCN7 inhibitors and nitrates, calcilytics, antibodies against Dkk-1, statins, MEPE fragments, activin inhibitiors and endocannabinoid agonists are present in various stages of clinical drug development. Odanacatib, cathepsin K inhibitor, and Romosozumab, a humanized monoclonal anti-sclerostin antibody are emerging treatments furthest in development and in advanced clinical studies and are discussed below.

Cathepsin K is a lysosomal cysteine protease preferentially expressed by osteoclasts that degrades type I collagen. Cathepsin K inhibitors appear to have mixed antiresorptive and anabolic actions because they inhibit one of the major osteoclast digestive enzymes without suppressing bone formation. Odanacatib, a highly selective cathepsin K inhibitor, showed prevention of bone loss without reduction of bone formation in preclinical and phase I and II clinical trials51-53.  Odanacatib, is undergoing a Phase III trial in postmenopausal women and older men and results are anticipated later this year.  The safety profile of cathepsin K inhibitors may be different from current treatments. As cathepsin K inhibitors have less potent effects on decreasing bone resorption than do bisphosphonates and denosumab, there is less concern about ‘over suppression’ of bone turnover  causing ONJ  and atypical fracture. However, unintended  inhibition of other cathepsins or of cathepsin K in nonskeletal tissues may lead to potential safety concerns. This problem caused to halt the development of some cathepsin K inhibitors. A large phase III placebo-controlled study with odanacatib will provide important insight regarding safety and tolerability.

Sclerostin, encoded by the gene SOST, is an osteocyte-secreted glycoprotein and important regulator of bone formation. By inhibiting the Wnt and bone morphogenetic protein signaling pathways, sclerostin impedes osteoblast activity, and causes decreased bone formation.  The monoclonal antibody romosozumab binds to sclerostin and increases bone formation. In a phase 1 study, single injections of romosozumab stimulated bone formation, decreased bone resorption, and increased bone mineral density54. Recently the results of phase 2 study were published55. 419 postmenopausal women with osteopenia were randomly assigned to one of eight study groups — romosozumab administered subcutaneously at the doses 70 mg, 140 mg, or 210 mg either monthly or every 3 months; oral alendronate at a dose of 70 mg weekly; subcutaneous teriparatide at a dose of 20 μg daily; or placebo injections given monthly or every 3 months.  It showed that inhibiting sclerostin with romosozumab was associated with increased bone mineral density and bone formation and with decreased bone resorption. All dose levels of romosozumab were associated with significant increases in bone mineral density at the lumbar spine, the largest gain was observed with the 210-mg monthly dose of 11.3%, as compared with a decrease of 0.1% with placebo and increases of 4.1% with alendronate and 7.1% with teriparatide. As compared with baseline, BMD was significantly improved for all doses of romosozumab and at all sites except at the distal third of the radius, which remained essentially unchanged. Romosozumab was also associated with transitory increases in bone-formation markers and sustained decreases in a bone-resorption marker serum β-CTX. Romosozumab, is undergoing a Phase III trial in a cohort of postmenopausal women with osteoporosis.

Conclusions

Osteoporosis has a significant impact on public health through the increased morbidity, mortality, and economic costs associated with fractures. Most patients require pharmacological therapy to reduce the risk of fracture. Treatment decisions should be based upon risk factors and bone densitometry results. Pharmacological intervention is most appropriate when fracture risk is high. Bisphosphonates remain the primary treatment of osteoporosis. Teriparatide, a potent anabolic agent which improves bone architecture and decreases both vertebral and non-vertebral fractures, is currently limited to those with severe osteoporosis at high risk of fracture. Future studies are required to look at optimal duration of treatment and long term safety of available treatment modalities. The management of osteoporosis will continue to evolve as emerging therapies show great promise.

References:

1. Carano A, Teitelbaum SL, Konsek JD, Schlesinger PH, Blair HC. Bisphosphonates directly inhibit the bone resorption activity of isolated avian osteoclasts in vitro. J Clin Invest 1990 , 85, 456–461.

2. Hughes DE, Wright KR, Uy HL, Sasaki A, Yoneda T, Roodman GD et al. Bisphosphonates promote apoptosis in murine osteoclasts in vitro and in vivo. J Bone Miner Res 1995, 10, 1478–1487. 

3. Wells GA, Cranney A, Peterson J, Boucher M, Shea B, Welch V et al. Alendronate for the primary and secondary prevention of osteoporotic fractures in postmenopausal women. Cochrane Database of Systematic Reviews 2008, Issue 1. Art. No.: CD001155. DOI: 10.1002/14651858.CD001155.pub2.

4. Black DM, Cummings SR, Karpf DB, Cauley JA, Thompson DE, Nevitt MC et al. Randomised trial of effect of alendronate on risk of fracture in women with existing vertebral fractures. Fracture Intervention Trial Research Group. Lancet 1996, 348, 1535–1541.

5. Cummings SR, Black DM, Thompson DE, Applegate WB, Barrett-Connor E, Musliner TA et al. Effect of alendronate on risk of fracture in women with low bone density but without vertebral fractures: results from the Fracture Intervention Trial. JAMA 1998, 280, 2077–2082.

6. Black DM, Schwartz AV, Ensrud KE, Cauley JA, Levis S, Quandt SA et al. Effects of continuing or stopping alendronate after 5 years of treatment: the Fracture Intervention Trial Long-term Extension (FLEX): a randomized trial. JAMA 2006; 296:2927.

7. Schnitzer T, Bone HG, Crepaldi G, Adami S, McClung M, Kiel D et al. Therapeutic equivalence of alendronate 70 mg onceweekly and alendronate 10 mg daily in the treatment of osteoporosis. Alendronate Once-Weekly Study Group. Aging (Milano) 2000, 12, 1–12.

8. Cranney A, Tugwell P, Adachi J, Weaver B, Zytaruk N, Papaioannou A et al. Osteoporosis Methodology Group and The Osteoporosis Research Advisory Group. Meta-analyses of therapies for postmenopausal osteoporosis. III. Meta-analysis of risedronate for the treatment of postmenopausal osteoporosis. Endocr Rev. 2002 Aug;23(4):517-23.

9. Harris ST, Watts NB, Genant HK McKeever CD, Hangartner T, Keller M et al. Effects of risedronate treatment on vertebral and nonvertebral fractures in women with postmenopausal osteoporosis: a randomized controlled trial. Vertebral Efficacy with Risedronate Therapy (VERT) Study Group. JAMA 1999, 282, 1344–1352.

10. Reginster J, Minne HW, Sorensen OH Hooper M, Roux C, Brandi ML et al. Randomized trial of the effects of risedronate on vertebral fractures in women with established postmenopausal osteoporosis. Vertebral Efficacy with Risedronate Therapy (VERT) Study Group. Osteoporos Int 2000, 11, 83–91.

11. McClung MR, Geusens P, Miller PD Zippel H, Bensen WG, Roux C et al. Effect of risedronate on the risk of hip fracture in elderly women. Hip Intervention Program Study Group. N Engl J Med 2001, 344, 333–340.

12. Harrington JT, Ste-Marie LG, Brandi ML, Civitelli R, Fardellone P, Grauer A et al. Risedronate rapidly reduces the risk for nonvertebral fractures in women with postmenopausal osteoporosis. Calcif Tissue Int 2004, 74, 129–135.

13. Chesnut CH III, Skag A, Christiansen C, Recker R, Stakkestad JA, Hoiseth A et al. Effects of oral ibandronate administered daily or intermittently on fracture risk in postmenopausal osteoporosis. J Bone Miner Res 2004 , 19, 1241–1249.

14. Miller PD, McClung MR, Macovei L, Stakkestad JA, Luckey M, Bonvoisin B et al. Monthly oral ibandronate therapy in postmenopausal osteoporosis: 1-year results from the MOBILE study. J Bone Miner Res 2005, 20, 1315–1322.

15. Eisman JA, Civitelli R, Adami S, Czerwinski E, Recknor C, Prince R et al. Efficacy and tolerability of intravenous ibandronate injections in postmenopausal osteoporosis: 2-year results from the DIVA study. J Rheumatol. 2008 Mar;35(3):488-97

16. Harris ST, Blumentals WA, Miller PD. Ibandronate and the risk of non-vertebral and clinical fractures in women with postmenopausal osteoporosis: results of a meta-analysis of phase III studies. Curr Med Res Opin. 2008 Jan;24(1):237-45.

17. Cranney A, Wells GA, Yetisir E, Adami S, Cooper C, Delmas PD et al. Ibandronate for the prevention of nonvertebral fractures: a pooled analysis of individual patient data. Osteoporos Int. 2009 Feb;20(2):291-7

18. Black DM, Delmas PD, Eastell R, Reid IR, Boonen S, Cauley JA et al. Once-yearly zoledronic acid for treatment of postmenopausal osteoporosis. N Engl J Med 2007, 356, 1809–1822.

19. Lyles KW, Colon-Emeric CS, Magaziner JS, Adachi JD, Pieper CF, Mautalen C et al. Zoledronic acid and clinical fractures and mortality after hip fracture. N Engl J Med 2007, 357, 1799–1809.

20. Black DM, Reid IR, Boonen S, Bucci-Rechtweg C, Cauley JA, Cosman F 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 Feb;27(2):243-54.

21. Grey A , Bolland MJ , Horne A, Wattie D, House M, Gamble G 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;50:1389–1393

22. Reid IR, Black DM, Eastell R, Bucci-Rechtweg C, Su G, Hue TF et al. HORIZON Pivotal Fracture Trial and HORIZON Recurrent Fracture Trial Steering Committees. Reduction in the risk of clinical fractures after a single dose of zoledronic Acid 5 milligrams. J Clin Endocrinol Metab. 2013 Feb;98(2):557-63

23. Khan A. Bisphosphonate-associated osteonecrosis of the jaw. Can Fam Physician. 2008;54:1019–21.

24. Schilcher J, Michaëlsson K, Aspenberg P. Bisphosphonate use and atypical fractures of the femoral shaft. N Engl J Med. 2011 May 5;364(18):1728-37

25. Dell RM, Adams AL, Greene DF, Funahashi TT, Silverman SL, Eisemon EO et al. Incidence of atypical nontraumatic diaphyseal fractures of the femur. J Bone Miner Res. 2012 Dec;27(12):2544-50
26. Gedmintas L, Solomon DH, Kim SC. Bisphosphonates and risk of subtrochanteric, femoral shaft, and atypical femur fracture: A systematic review and meta-analysis. J Bone Miner Res. 2013; 28:1729–1737

27. Shane E, Burr D, Abrahamsen B, Adler RA, Brown TD, Cheung AM et al. Atypical subtrochanteric and diaphyseal femoral fractures: second report of a task force of the american society for bone and mineral research. J Bone Miner Res 2014; 29:1.
28. Osteoporosis - Clinical guideline for prevention and treatment. (Executive summary March 2014) National Osteoporosis Guideline Group (NOGG) on behalf of the Bone Research Society, British Geriatrics Society, British Orthopaedic Association, British Society of Rheumatology, National Osteoporosis Society, Osteoporosis 2000, Osteoporosis Dorset, Primary Care Rheumatology Society, Royal College of Physicians and Society for Endocrinology

29. Marie PJ, Hott M, Modrowski D, De Pollak C, Guillemain J, Deloffre P et al. An uncoupling agent containing strontium prevents bone loss by depressing bone resorption and maintaining bone formation in estrogen-deficient rats. J Bone Miner Res 1993, 8, 607–615.

30. Nielsen SP, Slosman D, Sorensen OH, Basse-Cathalinat B, De Cassin P, Roux CR et al. Influence of strontium on bone mineral density and bone mineral content measurements by dual X-ray absorptiometry. J Clin Densitom 1999, 2, 371–379.

31. Meunier PJ, Roux C, Seeman E, Ortolani S, Badurski JE, Spector TD et al. The effects of strontium ranelate on the risk of vertebral fracture in women with postmenopausal osteoporosis. N Engl J Med 2004, 350, 459–468.

32. Reginster JY, Seeman E, de Vernejoul MC, Adami S, Compston J, Phenekos C  et al. Strontium ranelate reduces the risk of nonvertebral fractures in postmenopausal women with osteoporosis: Treatment of Peripheral Osteoporosis (TROPOS) study. J Clin Endocrinol Metab 2005, 90, 2816–2822.

33. Seeman E, Vellas B, Benhamou C, Aquino JP, Semler J, Kaufman JM et al. Strontium ranelate reduces the risk of vertebral and nonvertebral fractures in women eighty years of age and older. J Bone Miner Res 2006, 21, 1113–1120.

34. European Medicines Agency (2013) PSUR assessment report—strontium ranelate. www.ema.europa.eu. Accessed 27 Aug 2013

35. European Medicines Agency (2006) Summary of product characteristics. Protelos. European Medicines Agency. http://www.ema.europa.eu. Accessed 19 Sept 2013

36. European Medicines Agency (2014) CHMP recommendation—strontium ranelate. www.ema.europa.eu. Accessed 21 Feb 2014

37. Cummings SR, San Martin J, McClung MR, Siris ES, Eastell R, Reid IR et al. FREEDOM Trial. Denosumab for prevention of fractures in postmenopausal women with osteoporosis. N Engl J Med. 2009 Aug 20;361(8):756-65

38. Bone HG, Chapurlat R, Brandi ML, Brown JP, Czerwinski E, Krieg MA et al. The effect of three or six years of denosumab exposure in women with postmenopausal osteoporosis: results from the FREEDOM extension. J Clin Endocrinol Metab. 2013 Nov;98(11):4483-92

39. Ettinger B, Black DM, Mitlak BH, Knickerbocker RK, Nickelsen T, Genant HK et al. Reduction of vertebral fracture risk in postmenopausal women with osteoporosis treated with raloxifene: results from a 3-year randomized clinical trial. Multiple Outcomes of Raloxifene Evaluation (MORE) Investigators. JAMA. 1999 Aug 18;282(7):637-45

40. Neer RM, Arnaud CD, Zanchetta JR, Prince R, Gaich GA, Reginster JY 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.

41. Greenspan SL, Bone HG, Ettinger MP, Lindsay R, Zanchetta JR, Blosch CM  et al. Effect of recombinant human parathyroid hormone (1–84) on vertebral fracture and bone mineral density in postmenopausal women with osteoporosis: a randomized trial. Ann Intern Med 2007, 146, 326–339

42. Vahle JL, Sato M, Long GG, Young JK, Francis PC, Engelhardt JA 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;30:312-21

43. Chapuy MC, Arlot ME, Delmas PD, Meunier PJ. Effect of calcium and cholecalciferol treatment for three years on hip fractures in elderly women. Br Med J 1994, 308, 1081–1082.

44. Jackson RD, LaCroix AZ, Gass M, Wallace RB, Robbins J, Lewis CE et al. Calcium plus vitamin D supplementation and the risk of fractures. N Engl J Med 2006, 354, 669–683.

45. Salovaara K, Tuppurainen M, Kärkkäinen M, Rikkonen T, Sandini L, Sirola J et al. Effect of vitamin D(3) and calcium on fracture risk in 65- to 71-year-old women: a population-based 3-year randomized, controlled trial--the OSTPRE-FPS. J Bone Miner Res. 2010;25:1487–1495

46. Prince RL, Devine A, Dhaliwal SS, Dick IM.Effects of calcium supplementation on clinical fracture and bone structure: results of a 5-year, double-blind, placebo-controlled trial in elderly women. Arch Intern Med. 2006;166:869–875.

47. Bischoff-Ferrari HA, Willett WC, Wong JB, Stuck AE, Staehelin HB, Orav EJ et al. Prevention of nonvertebral fractures with oral vitamin D and dose dependency: a meta-analysis of randomized controlled trials. Arch Intern Med. Mar 23 2009;169(6):551-61.
48. Murad MH, Drake MT, Mullan RJ, Mauck KF, Stuart LM, Lane MA et al. Clinical review. Comparative effectiveness of drug treatments to prevent fragility fractures: a systematic review and network meta-analysis. J Clin Endocrinol Metab. 2012 Jun;97(6):1871-80

49. Sanders KM, Stuart AL, Williamson EJ, Simpson JA, Kotowicz MA, Young D et al. Annual high-dose oral vitamin D and falls and fractures in older women: a randomized controlled trial. JAMA. 2010 May 12;303(18):1815-22.
50. Bolland MJ, Avenell A, Baron JA, Grey A, MacLennan GS, Gamble GD et al. Effect of calcium supplements on risk of myocardial infarction and cardiovascular events: meta-analysis. BMJ. Jul 29 2010;341:c3691
51. J.A. Eisman, H.G. Bone, D.J. Hosking, McClung MR, Reid IR, Rizzoli R et al. Odanacatib in the treatment of postmenopausal women with low bone mineral density: three-year continued therapy and resolution of effect J Bone Miner Res, 26 (2011), pp. 242–251

52. H.G. Bone, M.R. McClung, C. Roux, Recker RR, Eisman JA, Verbruggen N et al. Odanacatib, a cathepsin-K inhibitor for osteoporosis: a two-year study in postmenopausal women with low bone density J Bone Miner Res, 25 (2010), pp. 937–947

53. Stoch SA, Zajic S, Stone J, Miller DL, Van Dyck K, Gutierrez MJ et al. Effect of the cathepsin K inhibitor odanacatib on bone resorption biomarkers in healthy postmenopausal women: two double-blind, randomized, placebo-controlled phase I studies Clin Pharmacol Ther, 86 (2009), pp. 175–182

54. Padhi D, Jang G, Stouch B, Fang L, Posvar E. Single-dose, placebo-controlled, randomized study of AMG 785, a sclerostin monoclonal antibody. J Bone Miner Res 2011;26:19-26

55. McClung MR, Grauer A, Boonen S, Bolognese MA, Brown JP, Diez-Perez A et al. Romosozumab in postmenopausal women with low bone mineral density. N Engl J Med 2014;370:412-420

Titles of figures:

Figure 1. Effect on risk and level of evidence for fracture prevention for different treatments
Figure 2. Suggested guidelines from National Osteoporosis Guideline Group (NOGG); Bisphosphonates: algorithm for long term treatment monitoring

PAGE  
1

