
Update in osteoporosis



Osteoporosis is a common disease with increased 
fracture risk across the skeleton1

• It is a systemic skeletal disease 
characterised by:1

– low bone mass
– microarchitectural deterioration of 

bone tissue
– increased bone fragility and 

susceptibility to fracture
• Osteoporosis causes more than 

8.9 million fractures annually, resulting in 
a fracture every 3 seconds2

1. Kanis JA. WHO Technical Report. Assessment of osteoporosis at the primary health care level. 2007. www.who.int. 
2. Johnell O, et al. Osteoporos Int 2006;17:1726–33.

HEALTHY BONE

OSTEOPOROTIC BONE

Presenter Notes
Presentation Notes
Key pointsOsteoporosis is a common disease in which the density and quality of bone are reduced.1The World Health Organization defines osteoporosis as “a systemic skeletal disease characterised by low bone density and microarchitectural deterioration of bone tissue with a consequent increase in bone fragility”.1AbbreviationWHO, World Health OrganizationImagesThe images show micro-CT of normal bone vs. osteoporotic bone.ReferencesKanis JA. WHO Technical Report. Assessment of osteoporosis at the primary health care level. 2007. www.who.int.Johnell O, et al. Osteoporos Int 2006;17:1726–33.

http://www.who.int


High fracture prevalence occurs even in women with 
T-scores corresponding to osteopenia1–3

BMD, bone mineral density.
1. Kanis JA. WHO Technical Report. Assessment of osteoporosis at the primary health care level. 2007. www.who.int. 
2. Camacho PM, et al. Endocr Pract 2016;22(Suppl 4):1–42. 3. Siris ES, et al. Arch Intern Med 2004;164:1108–12.

DIAGNOSIS BY BMD T-SCORE1

Osteoporosis can be diagnosed 
if there is a fragility fracture in 
the absence of other metabolic 
bone disease, independent of 

BMD T-score.

PRIOR FRAGLITY FRACTURE2

Presenter Notes
Presentation Notes
Key pointsThe World Health Organization (WHO) definition of osteoporosis based on BMD is:1Normal bone density: T-score ≥ –1 . These women are at lower risk for fracture and usually not recommended for treatment;Osteopenia: T-score < –1 and > –2.5. The majority of postmenopausal women who sustain fractures fall into this group.3 Having a fragility fracture increases the risk of future fractures. AACE/ACE guidelines recommend pharmacologic therapy for patients with osteopenia or low bone mass and a history of fragility fractures.2Osteoporosis: T-score ≤ –2.5. Women with this T-score are at high risk of fracture.1 AACE/ACE guidelines recommend pharmacologic therapy for patients with a T-score <  –2.5 the spine, femoral neck, total hip or distal 1/3 radius.2 AbbreviationBMD, bone mineral density.ReferencesKanis JA. WHO Technical Report. Assessment of osteoporosis at the primary health care level. 2007. www.who.int. Camacho PM, et al. Endocr Pract 2016;22(Suppl 4):1–42. Siris ES, et al. Arch Intern Med 2004;164:1108–12.

http://www.who.int


Fragility fracture risk increases with age1

1. Sambrook P, et al. Lancet 2006;367:2010–18. 2. Melton LJ, et al. J Bone Miner Res 1992;7:1005–10.
3. Kanis JA, et al. Osteoporos Int 2000;11:669–74. 4. Melton LJ, et al. Osteoporos Int 1999;9:29–37. 

Presenter Notes
Presentation Notes
Key pointsFragility fractures are sustained after a fall from a standing height or less. The most common fracture sites include the spine, hip and wrist.1The incidence of fracture at each of these sites increases after the age of 50 years.1ReferencesSambrook P, et al. Lancet 2006;367:2010–18. Melton LJ, et al. J Bone Miner Res 1992;7:1005–10.Kanis JA, et al. Osteoporos Int 2000;11:669–74. Melton LJ, et al. Osteoporos Int 1999;9:29–37.  �



Every fragility fracture signals an increased risk of 
future fractures1–3 

7.3x

*Assessment based on fracture associated with a history of prior fracture without adjustment for BMD.
1. Lee SH, et al. Acta Orthop Traumatol Turc 2016;50:437–42. 2. Kanis JA, et al. Bone. 2004;35:375–82. 
3. Gehlbach S, et al. J Bone Miner Res. 2012;27:645–53

86%
increased risk greater relative risk

Women with hip fracture 
have a 7.13x greater risk of 
another hip within 3 months1

Women with prior clinical 
vertebral fractures have a 
7.34x greater relative risk of 
another vertebral fracture3

Among women worldwide,
a prior fragility fracture

is associated with an 
86% increased risk of 

another fracture*2

7.1x
greater relative risk

Presenter Notes
Presentation Notes
Key pointsA previous fracture is associated with a significantly increased risk of any fractured compared with individuals without a prior fracture (RR, 1.86; 95% CI 1.75–1.98).2A Taiwan epidemiological study of patients with hip fractures (N = 95,484) showed a 7.13 fold of risk of further hip fracture in 3 months, 5.21 fold in one year, and remained more than 2 fold in the end of 6th year when compared with the general population.1A prior vertebral fracture is considered an especially strong risk factor for future osteoporotic fractures at the spine; it also predicts future fracture at the hip, forearm/wrist, ribs, pelvis, and other non-vertebral sites.3ReferencesLee SH, et al. Acta Orthop Traumatol Turc 2016;50:437–42. Kanis JA, et al. Bone 2004;35:375–82.Gehlbach S, et al. J Bone Miner Res 2012;27:645–53.



Ageing population will contribute to a huge increase 
in the incidence of fragility fractures1,2

1. IOF. The Asia-Pacific regional audit. 2013. 2. Cheung CL, et al. Osteoporos Sarcopenia 2018;4:16–21.

IMPACT OF HIP FRACTURE

Around 25%
of patients who sustain a 
hip fracture die within a 
year, and less than half 
of those who survive 
regain their previous 
level of function1

2. Cooper C. Am J Med. 1997;103(2A):12S-17S.

Adapted from Cooper C, et al. 1997. 

Presenter Notes
Presentation Notes
Key pointsAsia’s ageing population will contribute to an enormous rise in musculoskeletal disease including osteoporosis with a resulting huge increase in the incidence of fragility fractures.1AbbreviationIOF, International Osteoporosis Foundation.ReferencesIOF. The Asia-Pacific Regional Audit. 2013. www.iofbonehealth.org. Cheung CL, et al. Osteoporos Sarcopenia 2018;4:16–21.
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Osteoporosis treatment gap for overall patients and by Osteoporosis diagnosis

In a study of 8 countries across Europe, 75% of elderly women seen in primary care who were at high risk of 
osteoporosis-related fractures were not receiving appropriate medication

Three-quarters of patients with a fragility fracture are not 
investigated or treated for osteoporosis1

1. McCloskey E, Rathi J, Heijmans S, et al. The osteoporosis treatment gap in patients at risk of fracture in European primary care: a 
multi-country cross-sectional observational study [published online ahead of print, 2020 Aug 23]. Osteoporos Int. 2020;10.1007/s00198-
020-05557-z. doi:10.1007/s00198-020-05557-z



Aims of osteoporosis management1–3

1. Center JR, et al. JAMA 2007;297:387–94. 2. Camacho PM, et al. Endocr Pract 2016;22(Suppl 4):1–42. 
3. Osteoporosis Australia. What you need to know about osteoporosis. Medical guide, 3rd edition 12/14. www.osteoporosis.org.au.

PREVENT FALLS STOP RE-FRACTURE IMPROVE QUALITY OF LIFE

Minimise falls risk especially 
during post-fracture care. 

Even if the initial fracture was 
minor, the subsequent fracture 

could be a hip fracture1

A presumptive diagnosis of 
osteoporosis can be made 

following a fragility fracture.
Initiate treatment for secondary 

fracture prevention2

Work to reduce the impact of 
fractures on mobility and 

independence with regular 
exercise, adequate calcium and 

vitamin D and lifestyle 
modification3

Presenter Notes
Presentation Notes
Key pointsPrevent falls and fractures – falling is a strong risk factor for bone fracture, therefore implementing a fall prevention strategy is important.1Stop re-fracture – presumptive clinical diagnosis can be made following a minimal trauma fracture in middle-aged or elderly patients. These patients should be managed appropriately to minimise the risk of subsequent fractures.2Improve quality of life – Patients should be encouraged adopt self-management strategies that incorporate both positive lifestyle choices to reduce fracture risk and improve recovery after fracture.  These include reguiar weight bearing exercise, a healthy diet including calcium and vitamin D supplementation if required and reduced smoking and alcohol.3ReferencesCenter JR, et al. JAMA 2007;297:387–94. Camacho PM, et al. Endocr Pract 2016;22(Suppl 4):1–42. Osteoporosis Australia. What you need to know about osteoporosis. Medical guide, 3rd edition 12/14. www.osteoporosis.org.au. 

http://www.osteoporosis.org.au


Treatment guidelines



BMD and risk assessment tools guide thresholds 
for initiating osteoporosis treatment 1

1. Kanis JA, et al. Osteoporos Int 2013;24:23–57.

CLINICAL RISK FACTORS
e.g. Age, sex, previous fracture history

FRAX 10-YEAR PROBABILITY

LOW RISK

No BMD needed

No treatment

INTERMEDIATE

Measure BMD

HIGH RISK

No BMD needed

Start treatment

REASSESS 
PROBABILITY

HIGH RISK

Start treatment

LOW RISK

No treatment

Presenter Notes
Presentation Notes
Key pointsIOF/ESCEO guidelines advocate using the FRAX 10-year probability of major osteoporotic fracture to guide both the decision to intervene (treatment threshold) and for BMD testing (assessment thresholds). Intervention thresholds will vary from country to country because the population risks (of fracture and death) vary.AbbreviationESCEO, European Society for Clinical and Economic Aspects of Osteoporosis and Osteoarthritis.ReferenceKanis JA, et al. Osteoporos Int 2013;24:23–57.



Treat patient at high risk of fracture1–6

• Age
• Gender
• BMD
• Fracture history
• Other characteristics, e.g. 

– Smoking
– Alcohol use
– Rheumatoid arthritis 
– Glucocorticoid use

1. Papaioannou A, et al. CMAJ 2010;182:1864–73. 2. Kanis JA, et al. Osteoporos Int 2013;24:23–57. 3. University of Sheffield. FRAX® Fracture
Risk Assessment Tool. https://www.shef.ac.uk/FRAX/. Accessed March 2, 2018. 4. Camacho PM, et al. Endocr Pract 2016;22(Suppl 4):1–42.  
5. Cosman F, et al. Osteoporos Int 2014;25:2359–81. 6. Orimo H, et al. Arch Osteoporos 2012;7:3–20. 

HIP 
FRACTURE

MAJOR 
OSTEOPOROTIC 

FRACTURE

START TREATMENT

10-YEAR RISK OF 
FRACTURE

If level of 
risk ≥ 3%

INPUT3 OUTPUT3CALCULATOR3

If level of 
risk ≥ 3%

Presenter Notes
Presentation Notes
Key pointsPatients at high risk of fracture are eligible for treatment.1–6Use risk assessment tools (FRAX®, CAROC, QFracture™, Garvan) to identify patients at high risk of fracture with or without the need for BMD.1,2Threshold levels can vary by region.1–6ReferencesPapaioannou A, et al. CMAJ 2010;182:1864–73. Kanis JA, et al. Osteoporos Int 2013;24:23–57. University of Sheffield. FRAX® Fracture Risk Assessment Tool. https://www.shef.ac.uk/FRAX/. Camacho PM, et al. Endocr Pract 2016;22(Suppl 4):1–42.Cosman F, et al. Osteoporos Int 2014;25:2359–81. Orimo H, et al. Arch Osteoporos 2012;7:3–20. 



AACE/ACE 2016 recommended candidates for 
pharmacologic therapy1

1. Camacho PM, et al. Endocr Pract 2016;22(Suppl 4):1–42. 

Osteopenia or low bone mass and 
a history of fragility fracture of the hip or spine

T-score between –1.0 and –2.5 if FRAX® 10-year probability 
for major osteoporotic fracture is ≥ 20%  or 

if FRAX® 10-year probability for hip fracture is ≥ 3% 

T-score of –2.5 of lower in the spine, femoral neck, 
total hip, or 33% radius

Presenter Notes
Presentation Notes
Key pointAACE/ACE guidelines strongly recommend initiating pharmacologic therapy for patients at risk of fracture based on history of fragility fracture, low BMD T-score and probability of osteoporotic fracture by FRAX.AbbreviationsAACE, American Association of Clinical Endocrinologists.ACE, American College of Endocrinology.ReferenceCamacho PM, et al. Endocr Pract 2016;22(Suppl 4):1–42. .



AACE/ACE guidelines recommended first-line agents 
for most patients requiring osteoporosis therapy1

Summary of evidence for fracture risk reduction

1. Camacho PM, et al. Endocr Pract 2016;22(Suppl 4):1–42. 

ANTIRESORPTIVE THERAPIES OTHER

PRODUCT /
FRACTURE 
TYPE

Alendronate Ibandronate Risedronate Zoledronic 
acid Denosumab Teriparatide Raloxifene Calcitonin

Vertebral        

Non-vertebral  No effect     No effect No effect

Hip  No effect    No effect No effect No effect

Route of 
administration Oral Oral or 

IV infusion Oral IV infusion SC injection SC injection Oral Oral

Presenter Notes
Presentation Notes
Key pointsAACE/ACE guidelines recommend therapy selection based on the level of fracture prevention evidence:First-line therapy for most patients who are candidates for treatment based on broad spectrum antifracture efficacy (vertebral, non-vertebral, hip) – Alendronate, risedronate, zoledronic acid, denosumab First-line therapy for patients unable to use oral therapies or at especially high fracture – teriparatide, denosumab, zoledronic acid.First-line therapy for patients at high-risk of spine fracture, but not at risk for hip or non-vertebral fracture – raloxifene, ibandronate.Agent of choice for patients with renal insufficiency – Denosumab (Note: note recommended for patients with stage 5 CKD.AbbreviationsIV, intravenous.CKD, chronic kidney disease.ReferenceCamacho PM, et al. Endocr Pract 2016;22(Suppl 4):1–42. 



• Increased bone density in the spine by 5% to 8% and at 
the hip by 3% to 6% after 3 years

• Reduced incidence of vertebral fractures by 40% to 70%

• Alendronate, risedronate and zoledronic acid reduced 
non-vertebral fractures (25% to 40%), including hip 
fractures (40% to 60%), in women with osteoporosis

• Ibandronate: Overall, no effect observed on non-
vertebral or hip fractures. In a post-hoc analysis, non-
vertebral fracture reduction was seen in a high-risk 
subgroup with a baseline femoral neck T-score less than 
-3.0

Bisphosphonates: Effects
Alendronate, Risedronate, Ibandronate and Zoledronic Acid



Teriparatide:  rhPTH [1-34]

• The only treatment agent that is anabolic—stimulates bone 
formation rather than inhibiting bone resorption

• 20 μg daily (subcutaneously) for no more than 2 years
• Indication: treatment of men and postmenopausal women 

with osteoporosis who are at high risk for fracture  
• Effects:

– Increased bone density in spine by 9% and hip by 
3% vs placebo over 18 months

– Reduced incidence of vertebral fractures (65%) and 
nonvertebral fragility fractures (53%) in women with 
pre-existing vertebral fractures

– Studies too small to evaluate effect on hip fractures
• Adverse reactions: arthralgia, pain, nausea; warning about 

osteosarcoma risk in rats
Neer RM, et al. N Engl J Med. 2001;344:1434-1441. 
Forteo (prescribing information). Indianapolis, IN: Eli Lilly and Company; March 21, 2012.



What is the evidence for continuing vs stopping 
therapy? 

1. Sorensen OH, et al. Bone 2003;32:120–26. 2. Bone HG et al. N Engl J Med 2004;350:1189–99. 3. Black DM, et al. J Bone Miner Res 
2015;30:934–44. 4. Black DM, et al. JAMA 2006;296:2927–38. 5. Black DM, et al. J Bone Miner Res 2012;27:243–54. 6. Cummings SR, et al. 
N Engl J Med 2009;361:756−65. 7. Bone HG, et al. Lancet Diabetes Endocrinol 2017;5:513–23. 8. Baron R, et al. Bone 2011;48:677–92. 9.
Amgen. Prolia (denosumab) prescribing information. 10. Miller PD. Curr Osteoporos Rep 2009;7:18–22. 11. Bekker PJ, et al. J Bone Miner Res
2004;19:1059–66.

CONSIDER SUPPORTING 
EVIDENCE BISPHOSPHONATES PROLIA

What are the long-term
risks of continuing 
therapy?

Long-term data
AE profile at 5–10 years shows no 
significant difference in AEs from 
placebo1–5 

AE profile through to 10 years 
similar to that seen in the initial 
pivotal trial versus placebo6,7

What happens if 
patients stop therapy?

Reversibility Some residual effect; depends on 
type and length of treatment8 Fully reversible8

Duration of 
action Slow offset of action8

Relatively rapid offset of action8;
bone turnover markers reach pre-
treatment levels within 9 months 
after last dose9

Clearance Renal; detectable in urine weeks, 
months or years after stopping8

Catabolised in reticuloendothelial 
system10; almost fully cleared by 
6 months11

Presenter Notes
Presentation Notes
Key pointsThe benefits of long-term antiresorptive treatment need to be balanced against risks.1 Available long-term safety and efficacy data for currently available antiresorptive therapies indicate:1BMD gains are maintainedReduction in fracture incidence associated with some agents (not included as endpoint in all long-term studies)Therapies are generally well tolerated.Bisphosphonates and Prolia differ in terms of reversibility, duration of action and clearance (see information on slide).ReferencesSorensen OH, et al. Bone 2003;32:120–26. Bone HG et al. N Engl J Med 2004;350:1189–99. Black DM, et al. J Bone Miner Res 2015;30:934–44. Black DM, et al. JAMA 2006;296:2927–38. Black DM, et al. J Bone Miner Res 2012;27:243–54. Cummings SR, et al. N Engl J Med 2009;361:756−65. Bone HG, et al. Lancet Diabetes Endocrinol 2017;5:513–23. Baron R, et al. Bone 2011;48:677–92. Amgen. Prolia (denosumab) prescribing information. Miller PD. Curr Osteoporos Rep 2009;7:18–22. Bekker PJ, et al. J Bone Miner Res 2004;19:1059–66.



ASBMR task force recommends a temporary cessation 
of bisphosphonates for patients after 3–5 years1

1. Adler RA, et al. J Bone Miner Res 2016;31:16–35.

YES

Continue bisphosphonate 
or change to alternative anti-fracture 

therapy

Reassess every 2–3 years 

NO

Low BMD T-score ≤ –2.5 
or high fracture risk

YES

Continue bisphosphonate for up to 
10 years or change to alternative anti-

fracture therapy

NO

Consider a drug holiday

Reassess every 2–3 years

HAS YOUR PATIENT HAD HIP, SPINE OR MULTIPLE OTHER OSTEOPOROTIC 
FRACTURES BEFORE OR DURING THERAPY?

Presenter Notes
Presentation Notes
Key pointsThe long term biological effect of bisphosphonates has raised a unique question in osteoporosis, of when or if it there is a time to stop osteoporosis treatment.  Two questions could be considered:Bisphosphonates continue to work, due to their accumulation in bone, so is continued administration after a number of years unnecessary?Do the risks of long-term cumulative exposure outweigh the benefits?In their report into long-term bisphosphonate treatment, the ASBMR Task Force suggests that after 5 years of oral or 3 years of intravenous bisphosphonate treatment, reassessment of risk should be considered. ReferenceAdler RA, et al. J Bone Miner Res 2016;31:16–35.



Denosumab



Unregulated RANKL expression increases bone 
resorption and leads to osteoporosis1

Osteoclast 
precursor

Differentiated 
osteoclasts

Activated 
osteoclasts

Osteoblasts

1. Boyle WJ, et al. Nature 2003;423:337–42.

2
Increased RANKL 
can overwhelm 
OPG

3
Increased osteoblast 
activity leads to 
increased bone 
resorption

1
Decreased 
oestrogen levels 
lead to increased 
RANKL expression

RANKL

OPG

RANK

Oestrogen

Receptor activator of nuclear factor kappa-Β ligand (RANKL)
OPG : OSTEOPROTEGERIN

Presenter Notes
Presentation Notes
Key pointThe RANKL/RANK/OPG pathway regulates bone resorption:RANKL stimulates maturation, attachment, activation and survival of osteoclasts.RANK receptor is found on osteoclasts and osteoclast-precursors and is activated by RANKL.OPG counteracts the actions of RANKL, i.e. inhibits the formation, attachment, activation and survival of osteoclasts, rapidly, but reversibly decreasing osteoclast count and slowing bone resorption.Oestrogen deficiency following the menopause results in an alteration in the balance between bone resorption and formation to one that favors resorption.Increased resorption and a high remodelling rate reduce the opportunity for mineralisation of new bone and contribute to fragility and structural decay.AbbreviationsOPG, osteoprotegerin.RANK, receptor activator of nuclear factor kappa-B.RANKL, RANK Ligand.ReferenceBoyle WJ, et al. Nature 2003;423:337–42.



Bisphosphonates bind to bone and inhibit osteoclasts 
at the bone surface1

OPG=osteoprotegerin; RANKL=RANK Ligand

Owens G, et al. Am J Manag Care. 2007;13 (suppl)11:S290-S308. 
Jung A, et al. Calcif Tissue Res. 1973;11:269-280.
Russell RG, et al. Ann NY Acad Sci. 2007;1117:209-257

RANKL

OPG

RANK

Osteoclast 
precursor

Differentiated 
osteoclast

Activated 
osteoclast

Bisphosphonate

1
Bisphosphonates 
integrate into the 
bone at the site of 
bone turnover

3
Bisphosphonates 
enter and inhibit 
mature osteoclastsOsteoblasts

1. Russell RG, et al. Osteoporos Int 2008;19:733–59.

Presenter Notes
Presentation Notes
Key pointsBisphosphonates inhibit bone resorption by altering the function of activated osteoclasts.Bisphosphonates bind with high affinity to hydroxyapatite, the main mineral component of bone.They are embedded in bone and remain inactive until they are released by the process of osteoclast-mediated bone resorption.ReferenceRussell RG, et al. Osteoporos Int 2008;19:733–59



Denosumab, a first in class RANKL inhibitor, inhibits 
osteoclast formation, function and survival1,2

RANKL

OPG

RANK

Prolia

1
Prolia binds to and 
inhibits RANKL

2
Prolia prevents 
RANKL from binding 
to RANK

3
Prolia inhibits 
osteoclast formation, 
function and survival

4
Excess bone 
resorption is stopped

Osteoclast 
precursor

Differentiated 
osteoclast

Activated 
osteoclast

Osteoblasts
1. Amgen. Prolia (denosumab) prescribing information. 2. Boyle WJ, et al. Nature 2003;423:337–42.

Presenter Notes
Presentation Notes
Key pointsProlia is the first approved human monoclonal antibody that specifically targets RANKL, an essential mediator of osteoclast formation, function, and survival.1The binding of Prolia to RANKL prevents the activation of RANK on the surface of osteoclasts and their precursors.Prevention of the RANKL/RANK interaction inhibits osteoclast formation, function, and survival, thereby decreasing bone resorption and increasing bone mass and strength in both cortical and trabecular bone.ReferencesAmgen. Prolia (denosumab) prescribing information. Boyle WJ, et al. Nature 2003;423:337–42.



Male osteoporosis

Glucocorticoid-induced bone loss

Prostate cancer treatment-induced bone loss

Postmenopausal osteoporosis

Denosumab helps patients reduce risk for fracture with 
four indications1

1. Amgen. Prolia (denosumab) prescribing information. 

1

3

2

4

Presenter Notes
Presentation Notes
Key pointProlia is indicated for the: [Please update to indications for each market]Treatment of postmenopausal women with osteoporosis at high risk for fracture.Treatment to increase bone mass in men with osteoporosis at high risk for fracture.Treatment to increase bone mass in men at high risk for fracture receiving androgen deprivation therapy for non-metastatic prostate cancer.Treatment of glucocorticoid-induced osteoporosis in men and women at high risk for fracture.ReferenceAmgen. Prolia (denosumab) prescribing information. 



Denosumab

• Gains in bone mineral density

FREEDOM study1

• Demonstrated fracture reduction 
throughout the skeleton 
compared with placebo

• Significantly increased BMD 
throughout the skeleton over 3 
years

1. Cummings SR, et al. N Engl J Med 2009;361:756–65.

• Reduced fracture risk



FREEDOM study –
Fracture risk reduction vs placebo1

FREEDOM study (Years 1–3) 

Study
population

• 7,808 postmenopausal women aged 
60–90 years with lumbar spine or total 
hip BMD T-score between –2.5 and –4.0

• Excluded: Any severe or > 2 moderate 
vertebral fractures; conditions that alter 
bone metabolism

Primary
endpoint

• Incidence of new vertebral fracture over 
3 years

Secondary 
endpoints

• Time to non-vertebral and/or hip fracture

1. Cummings SR, et al. N Engl J Med 2009;361:756−65.

Presenter Notes
Presentation Notes
Study designFREEDOM study: FREEDOM was a multicentre, international, randomised, double-blind, placebo-controlled clinical trial of Prolia vs. placebo. Postmenopausal women were randomised to receive subcutaneous injections of either Prolia 60 mg or placebo once every 6 months. The primary endpoint was the incidence of new vertebral fractures. The secondary endpoints included the incidence of non-vertebral fractures and hip fractures as well as BMD at the lumbar spine, total hip, femoral neck, and one-third radius. AbbreviationFREEDOM, Fracture Reduction Evaluation of Denosumab in Osteoporosis Every 6 Months.ReferenceCummings SR, et al. N Engl J Med 2009;361:756–65.



Denosumab is proven to significantly reduce fracture 
risk at key sites of the body1

1. Cummings SR, et al. N Engl J Med 2009;361:756–65.

Presenter Notes
Presentation Notes
Key pointsFollowing 3 years of Prolia treatment, 2.3% of women had a new vertebral fracture compared with 7.2% of the women receiving placebo. Prolia delivered significant fracture risk reductions throughout the skeleton, at vertebral (68% RRR, p < 0.001), hip (40% RRR, p = 0.04) and non-vertebral sites (20% RRR, p = 0.01) compared with placebo over 3 years. The absolute risk reductions for Prolia versus placebo were 4.8%, 1.5% and 0.5% for vertebral, non-vertebral and hip fractures respectively. AbbreviationARR, absolute risk reduction.ReferenceCummings SR, et al. N Engl J Med 2009;361:756–65.



Denosumab reduces the incidence of new vertebral 
and hip fractures in patients ≥ 75 years1,2

The absolute risk reductions demonstrated for Prolia versus placebo were 4.8% and 0.5% for new vertebral and hip fractures, respectively.
1. McClung M, et al. J Bone Miner Res 2012;27:211–18. 2. Boonen S, et al. J Clin Endocrinol Metab 2011;96:1727–36. 

Presenter Notes
Presentation Notes
Key pointsIn the FREEDOM study a prospectively planned analysis evaluated the effect of denosumab on new vertebral and non-vertebral fractures in patients ≥ 75 years.1Denosumab was associated with reduced incidence of new vertebral fractures, from 7.2% in the control group to 2.3% with denosumab (risk ratio 0.32; 95% CI: 0.26, 0.41; p < 0.001).1In patients < 75 years, denosumab reduced the incidence of new vertebral fractures, from 6.5% in the control group to 2.0% with denosumab (risk ratio 0.30; 95% CI: 0.22, 0.41), whereas in patients ≥ 75 years, denosumab reduced the incidence from 8.6% in the control group to 3.1% with denosumab (risk ratio 0.36; 95% CI: 0.25, 0.53), interaction p-value = 0.4822.1A post-hoc analysis of FREEDOM 3-year data of fracture incidence in women ≥75 years, showed that denosumab significantly reduced the incidence of hip fractures (2.3% placebo vs 0.9% denosumab; absolute risk reduction 1.4%; p < 0.01).2Because AE may occur more frequently in elderly patients, the AE reported for subjects 75 year old or older were evaluated in more detail; the AE incidences were similar to those reported for the overall FREEDOM population.2ReferencesMcClung M, et al. J Bone Miner Res 2012;27:211–8. Boonen S, et al. J Clin Endocrinol Metab 2011;96:1727–36.



Denosumab reduces the incidence of fractures in 
patients with reduced kidney function1,2

1. Cummings SR, et al. N Engl J Med 2009;361:756−65. 2. Jamal SA, et al. J Bone Miner Res 2011;26:1829–35.

Presenter Notes
Presentation Notes
Key pointsThis post-hoc analysis of the FREEDOM study examined the risk of fractures and changes in BMD by baseline level of kidney function.When examining the fracture risk, both vertebral and non-vertebral, by stage of CKD, by the CG, the treatment-by subgroup interaction term was not statistically significant, indicating that the reduction in fracture risk did not differ by level of kidney function. The incidence of vertebral fractures was lower among those randomised to denosumab compared with placebo for all stages of CKD but did not reach statistical significance among those with stage 4 CKD. Similarly the incidence of non-vertebral fractures was lower among those randomised to denosumab compared with placebo but was not statistically significant for stages 3 and 4 CKD. Owing to the small number of hip fractures (43 in the placebo group and 26 in the denosumab group), the differences in hip fractures were not measured by stage of CKD.ReferenceCummings SR, et al. N Engl J Med 2009;361:756−65. Jamal SA, et al. J Bone Miner Res 2011;26:1829–35



Denosumab significantly increased BMD throughout 
the skeleton over 3 years1

*p < 0.0001 for Prolia compared with baseline and placebo. 
1. Bolognese MA, et al. J Clin Dens 2013;16:147−53.

Presenter Notes
Presentation Notes
Key pointsOver the 3 years of the FREEDOM study, gains in BMD were progressive and significant at all sites and all time points evaluated (except at the 1-month femoral neck assessment (p < 0.001 for Prolia versus placebo).The loss of BMD observed in the placebo group was evident at all sites evaluated except for lumbar spine, which remained largely unchanged from baseline for the placebo group.Note: BMD alone is not sufficient to accurately predict fracture risk.AbbreviationCI, confidence interval.ReferenceBolognese MA, et al. J Clin Dens 2013;16:147−53. 



Head-to-head studies

• Prolia delivers superior gains in BMD at 
key skeletal sites vs alendronate, 
risedronate, ibandronate and zoledronic 
acid in switch patients1–4

STAND, TTR, TTI, TTZ Studies

• Prolia demonstrates a greater effect on 
BMD at all skeletal sites vs alendronate in 
treatment-naïve patients5

DECIDE Study

Denosumab

Refer to slide notes for reference list and abbreviations.



STAND and DECIDE studies –
Head-to-head studies vs. alendronate1,2

1. Kendler DL, et al. J Bone Miner Res 2010;25:72–81. 2. Brown JP, et al. J Bone Miner Res 2009;24:153–61. 

Inclusion 
criteria

• Postmenopausal women aged ≥ 55 years
• Alendronate therapy ≥ 6 months
• BMD T-score ≤ −2.0 or ≥ −4.0 at lumbar spine or 

total hip

Inclusion 
criteria

• Ambulatory postmenopausal women 
• Treatment naïve 
• BMD T-score ≤ −2.0 at lumbar spine or total hip

Presenter Notes
Presentation Notes
Study designsSTAND study: STAND was a 1-year international, multicentre, randomised, double-blind, double-dummy study conducted in postmenopausal women previously treated with alendronate to evaluate the effects of transitioning to Prolia on safety, BMD, and bone turnover markers (BTM) in comparison with continued alendronate therapy.  The primary endpoint was the percentage change in total hip BMD from baseline to month 12.1DECIDE study: DECIDE was a 1-year international, multicentre, randomised, double-blind, double-dummy study that compared efficacy of treatment with Prolia vs alendronate.  Treatment naïve postmenopausal women (N = 1,189) with a BMD T-score ≤ –2.0 at the total hip or lumbar spine received either Prolia injection (subcutaneously 60 mg every 6 months) or oral alendronate (70 mg weekly). The primary endpoint was the percentage change in total hip BMD at 12 months (non-inferiority).2Note: BMD data results from these trials should not be extrapolated to predict differences in fracture efficacy. Head-to-head fracture studies have not been conducted.AbbreviationQW, once weeklyReferencesKendler DL, et al. J Bone Miner Res 2010;25:72–81.Brown JP, et al. J Bone Miner Res 2009;24:153–61. 



TTR, TTI and TTZ studies –
Head-to-head studies vs other bisphosphonates1–3

1. Roux C, et al. Bone 2014;58:48–54. 2. Recknor C, et al. Obstet Gynecol 2013;121:1291–99.
3. Miller PD, et al. J Clin Endocrinol Metab 2016;101:3163–70.

• Postmenopausal women aged ≥ 55 years
• Oral bisphosphonate therapy ≥ 1 month
• Discontinued or had insufficient adherence (OS-

MMAS < 6)
• BMD T-score ≤ −2.0 or ≥ −4.0 at lumbar spine or 

total hip

• Postmenopausal women aged ≥ 55 years
• Oral bisphosphonate therapy ≥ 2 years
• BMD T-score ≤ −2.5 at lumbar spine, hip or femoral 

neck
• Serum CTX ≤ 500 pg/mL

Inclusion 
criteria

• Postmenopausal women aged ≥ 55 
years

• Alendronate therapy ≥ 1 month
• Discontinued or had insufficient 

adherence (OS-MMAS < 6)

Presenter Notes
Presentation Notes
Study designsTTR study: TTR was a randomised, open-label parallel-group study in postmenopausal women aged ≥ 55 years  who had previously been prescribed daily or weekly alendronate at least 1 month prior to screening and had stopped taking alendronate or had insufficient adherence (OS-MMAS < 6). Subjects received Prolia 60 mg subcutaneously every 6 months or risedronate 150 mg orally every month for 12 months. The primary endpoint was the percentage change from baseline in total hip BMD at month 12. Secondary endpoints included the mean percentage change from baseline in femoral neck and lumbar spine BMD at month 12 and, in a subset of patients, the median percentage change from baseline in sCTX-1 at month 1 and month 6 (exploratory endpoint). Safety was also assessed.1TTI study: TTI was a randomised, open-label parallel-group study in postmenopausal women aged ≥ 55 years who had previously been prescribed daily or weekly alendronate at least 1 month prior to screening and had stopped taking alendronate or had insufficient adherence (OS-MMAS < 6). Subjects received Prolia 60 mg subcutaneously every 6 months or ibandronate 150 mg orally every month for 12 months. The primary endpoint was the percentage change from baseline in total hip BMD at month 12. Secondary endpoints included the mean percentage change from baseline in femoral neck and lumbar spine BMD at month 12 and, in a subset of patients, the median percentage change from baseline in sCTX-1 at month 1 and month 6 (exploratory endpoint). Safety was also assessed.2TTZ study: TTZ was a randomised, double-blind study in postmenopausal women aged ≥ 55 years who received oral bisphosphonate therapy for ≥ 2 years immediately before screening and had a T-score of –2.5 or less at the lumbar spine, total hip, or femoral neck, ≥ 2 lumbar vertebrae and one hip evaluable by DEXA, and baseline sCTX ≤ 500 pg/mL. The primary endpoint was the percentage change from baseline in lumbar spine BMD at month 12. Secondary endpoints included the mean percentage change from baseline in total hip, femoral neck and 1/3 radius at month 12 and, in a subset of patients, the median percentage change from baseline in sCTX-1 and P1NP were measured. Safety was also assessed.3Note: BMD data results from these trials should not be extrapolated to predict differences in fracture efficacy. Head-to-head fracture studies have not been conducted.AbbrevationsOS-MMAS, Osteoporosis specific Morisky medication adherence scale.QM, once monthly.ReferencesRoux C, et al. Bone 2014;58:48–54. Recknor C, et al. Obstet Gynecol 2013;121:1291–99. Miller PD, et al. J Clin Endocrinol Metab 2016;101:3163–70.



Denosumab delivers superior BMD efficacy compared 
to bisphosphonates in multiple head-to head studies1–5 

Note: Treatment differences (shown in green) are as stated in the clinical papers.
1.Kendler DL, et al. J Bone Miner Res 2010;25:72–81. 2. Roux C, et al. Bone 2014;58:48–54. 3. Recknor C, et al. Obstet Gynecol
2013;121:1291–9. 4. Miller PD, et al. J Clin Endocrinol Metab 2016;101:3163–70. 5. Brown JP, et al. J Bone Miner Res 2009;24:153–61.

Presenter Notes
Presentation Notes
Key pointMultiple head-to-head studies have shown that Prolia delivers superior BMD efficacy compared to bisphosphonates, in both treatment-naïve patients and in those already treated with an oral BP.1–5Note: Explanation/calculations for BMD treatment difference at the total hip (shown in green on slide):STAND: Alendronate (1.05%); Prolia (1.90%) = 0.85% (round to 1DP 0.9%)TTR: Risedronate (0.5%); Prolia (2.0%) = 1.5% (however, paper states difference as 1.6% in text and in fig.2) TTI: Ibandronate (1.1%); Prolia (2.3%) = 1.2% (however, paper states difference as 1.1%) TTZ: Zoledronic acid (0.6%); Prolia (1.9%) = 1.3% (however, paper states difference as 1.4%)DECIDE: Alendronate (2.6%; Prolia (3.5%) = 0.9% (however, paper states difference as 1.0%)ReferencesKendler DL, et al. J Bone Miner Res 2010;25:72–81. Roux C, et al. Bone 2014;58:48–54. Recknor C, et al. Obstet Gynecol 2013;121:1291–99. Miller PD, et al. J Clin Endocrinol Metab 2016;101:3163–70. Brown JP, et al. J Bone Miner Res 2009;24:153–61.



Denosumab delivers significant increases in BMD at the 
hip vs bisphosphonates, as shown in four studies1–4

Note: Treatment differences (shown in green) are as stated in the clinical papers.
1.Kendler DL, et al. J Bone Miner Res 2010;25:72–81. 2. Roux C, et al. Bone 2014;58:48–54. 3. Recknor C, et al. Obstet Gynecol
2013;121:1291–9. 4. Miller PD, et al. J Clin Endocrinol Metab 2016;101:3163–70.

Presenter Notes
Presentation Notes
Key pointFour head-to-head studies in patients previously treated with oral bisphosphonates have shown that Prolia delivers superior BMD efficacy at the hip compared to bisphosphonates.1–4 Note: Explanation/calculations for BMD treatment difference at the total hip (shown in green on slide):STAND: Alendronate (1.05%); Prolia (1.90%) = 0.85% (round to 1DP 0.9%)TTR: Risedronate (0.5%); Prolia (2.0%) = 1.5% (however, paper states difference as 1.6% in text and in fig.2) TTI: Ibandronate (1.1%); Prolia (2.3%) = 1.2% (however, paper states difference as 1.1%) TTZ: Zoledronic acid (0.6%); Prolia (1.9%) = 1.3% (however, paper states difference as 1.4%)ReferencesKendler DL, et al. J Bone Miner Res 2010;25:72–81. Roux C, et al. Bone 2014;58:48–54. Recknor C, et al. Obstet Gynecol 2013;121:1291–99. Miller PD, et al. J Clin Endocrinol Metab 2016;101:3163–70. 



Denosumab delivers significant increases in BMD at the lumbar 
spine vs. bisphosphonates, as shown in four studies1–4

Note: Treatment differences (shown in green) are as stated in the clinical papers.
1.Kendler DL, et al. J Bone Miner Res 2010;25:72–81. 2. Roux C, et al. Bone 2014;58:48–54. 3. Recknor C, et al. Obstet Gynecol
2013;121:1291–9. 4. Miller PD, et al. J Clin Endocrinol Metab 2016;101:3163–70.

Presenter Notes
Presentation Notes
Key pointFour head-to-head studies in patients previously treated with oral bisphosphonates have shown that Prolia delivers superior BMD efficacy at the lumbar spine compared to bisphosphonates.1–4 Note: Explanation/calculations for BMD treatment difference at the lumbar spine (shown in green on slide):STAND: Alendronate (1.85%); Prolia (3.03%) = 1.18% (round to 1DP 1.2%)TTR: Risedronate (2.3%); Prolia (3.4%) = 1.1% (however, fig 2 shows different data and states treatment difference as 2.3%. Data from the text has been used on the slide)TTI: Ibandronate (2.0%); Prolia (4.1%) = 2.1%TTZ: Zoledronic acid (1.1%); Prolia (3.2%) = 2.1%ReferencesKendler DL, et al. J Bone Miner Res 2010;25:72–81. Roux C, et al. Bone 2014;58:48–54. Recknor C, et al. Obstet Gynecol 2013;121:1291–99. Miller PD, et al. J Clin Endocrinol Metab 2016;101:3163–70. 



Denosumab demonstrated a greater BMD effect vs 
alendronate in treatment-naïve patients1

*Primary endpoint, p ≤ 0.0001.
Note: Treatment difference for total hip (shown in green) is as stated in the clinical paper.
1. Brown JP, et al. J Bone Miner Res 2009;24:153–61.

Presenter Notes
Presentation Notes
Key pointsAt 12 months, denosumab treatment resulted in significantly greater increases in the percent change from baseline in BMD at all skeletal sites measured compared with alendronate in treatment-naïve patients (all p ≤ 0.0001).Note: Explanation/calculations for BMD treatment differences (shown in green on slide):Total hip: Alendronate (2.6%; Prolia (3.5%) = 0.9% (however, paper states difference as 1.0%)Lumbar spine: Alendronate (4.2%; Prolia (5.3%) = 1.1%Trochanter: Alendronate (3.4%; Prolia (4.5%) = 1.1% Femoral neck: Alendronate (1.8%; Prolia (2.4%) = 0.9%Distal 1/3 radius: Alendronate (0.6%; Prolia (1.2%) = 0.5%ReferenceBrown JP, et al. J Bone Miner Res 2009;24:153–61.



FREEDOM extension1

• Low annual incidence of fractures 
maintained over the course of 
10 years with Prolia

• Reduced fracture risk

• Sustained increases in BMD over 
10 years at key sites of the body

• Gains in bone mineral density

1. Bone HG, et al. Lancet Diabetes Endocrinol 2017;5:513–23.

Denosumab



FREEDOM extension study –
Long-term treatment with Denosumab1

1. Bone HG, et al. Lancet Diabetes Endocrinol 2017;5:513–23.

Extension study (Years 4–10) 

Study population — Must have completed FREEDOM study (received Prolia or placebo)
— Missed no more than 1 dose of investigational product
— Not receiving any other osteoporosis therapies

Primary objective — Evaluate the safety and tolerability of up to 10 years of Prolia administration

Presenter Notes
Presentation Notes
Study designFREEDOM extension study: This study was an open-label extension of the FREEDOM study for a further 7 years. All subjects received open-label Prolia every 6 months. Subjects from the FREEDOM Prolia group (long-term) had 10 years of Prolia treatment and those from the FREEDOM placebo group (cross-over) had 7 years of Prolia treatment. The primary objective of the extension study was safety monitoring. Also reported were new vertebral, hip, and non-vertebral fractures as well as change in BMD at the lumbar spine, total hip, femoral neck, and one-third radius. Note: For ethical reasons, there was no placebo arm in the extension study (year 4 onwards).ReferenceBone HG, et al. Lancet Diabetes Endocrinol 2017;5:513–23.



BMD at the lumbar spine and total hip continued to 
increase after 10 years of Denosumab1

*p < 0.05 vs FREEDOM baseline; †p < 0.05 vs FREEDOM baseline and Extension baseline. 
aChange in BMD from FREEDOM baseline; bChange in BMD from extension baseline.
1. Bone HG, et al. Lancet Diabetes Endocrinol 2017;5:513–23.

Presenter Notes
Presentation Notes
Key pointWith Prolia treatment, BMD at the lumbar spine and total hip continues to increase, year on year with no plateau of effect seen out to 10 years.  Note: Numbers on the graphs represent that percentage change in BMD while on Prolia treatment.ReferenceBone HG, et al. Lancet Diabetes Endocrinol 2017;5:513–23.



Denosumab enables sustained increases in BMD at 
the femoral neck and distal radius for up to 10 years1

*p < 0.05 vs FREEDOM baseline; †p < 0.05 vs FREEDOM baseline and Extension baseline; ‡p < 0.05 vs Extension baseline. 
aChange in BMD from FREEDOM baseline; bChange in BMD from extension baseline. 
1. Bone HG, et al. Lancet Diabetes Endocrinol 2017;5:513–23.

Presenter Notes
Presentation Notes
Key pointsWith Prolia treatment, BMD at the femoral neck continues to increase, year on year with no plateau of effect seen out to 10 years.  Prolia increases BMD at sites of cortical bone, such as the 1/3 radius, a skeletal site that typically does not demonstrate an increase in BMD with most osteoporosis treatments.Note: Numbers on the graphs represent that percentage change in BMD while on Prolia treatment.ReferenceBone HG, et al. Lancet Diabetes Endocrinol 2017;5:513–23.



Denosumab maintained low incidence of new vertebral 
fractures for up to 10 years1,2

• *Annualised incidence (2-year incidence)

• 1. Cummings SR, et al. N Engl J Med 2009;361:756–65.
2. Bone HG, et al. Lancet Diabetes Endocrinol 2017;5:513–23

NEW VERTEBRAL FRACTURES1

↓ 68% RRR (p < 0.001)
VS. PLACEBO OVER 3 YEARS

Presenter Notes
Presentation Notes
Speaker notesAt 3 years, Prolia significantly reduced the relative risk of new vertebral fracture (primary end-point) by 68% (p  0.001) with a 4.8% absolute risk reduction.1Fracture rates have remained low throughout 10 years of Prolia therapy, as shown here for patients in the long-term arm of the extension study.2ReferencesCummings SR, et al. N Engl J Med 2009;361:756–65.Bone HG, et al. Lancet Diabetes Endocrinol 2017;5:513–23.



Denosumabmaintained low incidence of hip fractures 
for up to 10 years1,2

• 1. Cummings SR, et al. N Engl J Med 2009;361:756–65.
2. Bone HG, et al. Lancet Diabetes Endocrinol 2017;5:513–23

HIP FRACTURES1

↓ 40% RRR (p = 0.04)
VS. PLACEBO OVER 3 YEARS

Presenter Notes
Presentation Notes
Speaker notesAt 3 years, Prolia significantly reduced the relative risk of hip fracture by 40% (p = 0.04) with a 0.3% absolute risk reduction.1Fracture rates have remained low throughout 10 years of Prolia therapy, as shown here for patients in the long-term arm of the FREEDOM extension study.2ReferencesCummings SR, et al. N Engl J Med 2009;361:756–65.Bone HG, et al. Lancet Diabetes Endocrinol 2017;5:513–23.



Denosumab maintained low incidence of non-vertebral 
fractures for up to 10 years1,2

• 1. Cummings SR, et al. N Engl J Med 2009;361:756–65.
2. Bone HG, et al. Lancet Diabetes Endocrinol 2017;5:513–23

NON-VERTEBRAL FRACTURES1

↓ 20% RRR (p = 0.01)
VS. PLACEBO OVER 3 YEARS

Presenter Notes
Presentation Notes
Speaker notesAt 3 years, Prolia significantly reduced the relative risk of non-vertebral fracture by 20% (p = 0.01) with a 1.5% absolute risk reduction.1Fracture rates have remained low throughout 10 years of Prolia therapy, as shown here for patients in the long-term arm of the FREEDOM extension study.2ReferencesCummings SR, et al. N Engl J Med 2009;361:756–65.Bone HG, et al. Lancet Diabetes Endocrinol 2017;5:513–23.



Denosumab is well tolerated with up to 10 years of 
clinical trial experience1–3 

EXPOSURE ADJUSTED SUBJECT 
INCIDENCE OF ADVERSE EVENTS 
Rates per 100 subject-years

FREEDOM1,2 FREEDOM Extension3

Placebo Prolia Long-term Prolia

Years 1−3 Years 1−3 Year 6 Year 8 Year 10

Number of subjects 3,883 3,879 2,067 1,743 1,451
All AEs 156.1 154.3 114.8 107.6 95.8

Infections 30.7 29.3 27.5 27.0 23.0
Malignancies 1.6 1.8 1.9 1.7 1.6
Eczema 0.6 1.1 1.1 0.8 1.3
Hypocalcaemia < 0.1 0 0 < 0.1 0.1
Pancreatitis < 0.1 < 0.1 0.2 0.1 0

Serious AEs 10.4 10.6 12.3 11.5 12.3
Infections 1.3 1.5 1.7 1.2 2.6

Cellulitis or erysipelas < 0.1 0.1 0.1 0.2 0.1
Fatal AEs 0.8 0.6 0.9 0.7 0.9

Osteonecrosis of the jaw (ONJ) 0 0 0.2 0 < 0.1

Atypical femoral fractures (AFF) 0 0 0 0 0

1. Papapoulos S, et al. Osteoporos Int 2015;26:2773–83 (and supplementary appendix). 2. Cummings SR, et al. N Engl J Med 2009;361:756–
65. 3. Bone HG, et al. Lancet Diabetes Endocrinol 2017;5:513–23 (and supplementary appendix). 

Presenter Notes
Presentation Notes
Key pointsIn the FREEDOM study, there were no significant differences between subjects who received Prolia and those who received placebo in the total incidence of adverse events, serious adverse events, or discontinuation of study treatment because of adverse events.1,2  Twelve subjects (0.3%) in the Prolia group reported serious adverse events of cellulitis, as compared with one subject (< 0.1%) in the placebo group (p = 0.002). There were no significant differences in the overall incidence of adverse events of cellulitis, with 47 (1.2%) in the Prolia group and 36 (0.9%) in the placebo group.2In the FREEDOM extension study, the yearly exposure-adjusted subject incidence for all AEs was similar to or lower than in the active treatment group during FREEDOM.3The yearly rates for malignancy and serious infections as well as other AEs of interest showed no trend toward increase over time.3Through to 10 years, 13 events of ONJ and two events of AFF were confirmed.3AbbreviationsAE, adverse event.ONJ, osteonecrosis of the jaw.AFF, atypical femoral fracture.ReferencesPapapoulos S, et al. Osteoporos Int 2015;26:2773–83 (and supplementary appendix). Cummings SR, et al. N Engl J Med 2009;361:756–65.Bone HG, et al. Lancet Diabetes Endocrinol 2017;5:513–23 (supplementary appendix). 



Denosumabis well tolerated in higher risk 
populations1,2

AEs BY AGE
SUBJECTS < 75 YEARS SUBJECTS ≥ 75 YEARS

Placebo
(N = 2,647)

Prolia
(N = 2,661) p-value Placebo

(N = 1,229)
Prolia

(N = 1,225) p-value

All AEs 2,464 (93.1%) 2,461 (92.5%) 0.78 1,143 (93.0%) 1,144 (93.4%) 0.86

Serious AEs 601 (22.7%) 636 (23.9%) 0.39 371 (30.2%) 368 (30.0%) 0.76

Fatal AEs 39 (1.5%) 31 (1.2%) 0.32 51 (4.1%) 39 (3.2%) 0.18

N, number of subjects who received ≥ 1 dose of investigational product.
1. Boonen S, et al. J Clin Endocrinol Metab 2011;96:1727–36. 2. Jamal SA, et al. J Bone Miner Res 2011;26:1829–35.

STAGE 1 CKD STAGE 2 CKD STAGE 3 CKD STAGE 4 CKD
Placebo
(N = 410)

Prolia
(N = 423)

Placebo
(N = 2,034)

Prolia
(N = 2,015)

Placebo
(N = 1,392)

Prolia
(N = 1,410)

Placebo
(N = 37)

Prolia
(N = 36)

All AEs 387 (94.4%) 391 (92.4%) 1,875 (92.2%) 1,869 (93.9%) 1,308 (92.8%) 1,308 (92.8%) 35 (94.6%) 35 (97.2%)

Serious AEs 99 (24.1%) 95 (22.5%) 509 (25.0%) 502 (25.2%) 351 (27.8%) 392 (27.8%) 13 (35.1%) 15 (41.7%)

Infection 17 (4.1%) 16 (3.8%) 66 (2.2%) 79 (3.5%) 49 (4.3%) 60 (4.3%) 1 (2.7%) 4 (11.1%)

Cardiovascular 16 (3.9%) 16 (3.8%) 71 (3.5%) 78 (3.9%) 88 (6.3%) 88 (6.3%) 3 (8.1%) 4 (11.1%)

AE rates reported for subjects ≥ 75 years was similar to the overall population1

Prolia is well tolerated in women with PMO and stage 1–3 CKD2

Presenter Notes
Presentation Notes
Key pointsAge: AEs occur more frequently in elderly patients, rates reported for subjects ≥ 75 years in the FREEDOM study were evaluated and the incidence was similar to the overall population. The pharmacokinetics of Prolia are not affected by age (28–87 years).1Chronic kidney disease: Incidences of osteoporosis and CKD both increase with advancing age, therefore it is important to look at the safety and efficacy of treatments in the setting of impaired kidney function.2Prolia does not depend on kidney clearance for metabolism or excretion.3Post-hoc analysis of subjects in the FREEDOM study with stage 1–4 CKD suggest that Prolia is well tolerated and effective at reducing fracture risk and increasing BMD in women with PMO and stage 1–3 CKD.2Adequate intake of calcium and vitamin D is important in patients with severe renal impairment or receiving dialysis.3AbbreviationsCKD, chronic kidney disease.ReferencesBoonen S, et al. J Clin Endocrinol Metab 2011;96:1727–36.Jamal SA, et al. J Bone Miner Res 2011;261829–35. 



Summary

• Persistence to osteoporosis treatments is a 
problem for many osteoporosis patients1,2

• Non-persistence to antiresorptive treatment is 
associated with increased fracture risk1,3

• Prolia has a favourable persistence and 
adherence profile shown to be superior to other 
osteoporosis treatments4,5

• The patient experience

1. Siris ES, et al. Mayo Clin Proc 2006;81:1013–22.
2. Karlsson L, et al. Osteoporos Int 2015;26:2401–11.
3. Liu J, et al. J Bone Miner Res 2017 (Suppl.) Abstract #1035.
4. Freemantle N, et al. Osteoporos Int 2012;23:317–26.
5. Kendler DL, et al. Osteoporos Int 2010;21:836–46.

Denosumab



40% greater risk of hip fracture in patients who are not 
persistent with osteoporosis medication1

Fracture rate ratio defined as ratio of fracture rates in post vs pre-period. Persistent use was defined as continuous use (no gap ≥ 60 days) for ≥ 
1 year.
1. Liu J, et al. Osteoporos Int 2018;29:2409-17.

REDUCTION OF FRACTURE RATE RATIO BETWEEN PERSISTENT AND NON-PERSISTENT PATIENTS1

Presenter Notes
Presentation Notes
Key pointPersistent use of osteoporosis medications is associated with reduced risk of fracture.Study population: Elderly female US medicare patients diagnosed with osteoporosis and initiated on an osteoporosis medication between 1 January, 2009 and 30 June, 2012 were included. Persistent medication use was defined as continuous use (no gap ≥ 60 days) for 1 year or longer. Osteoporosis medications included Prolia, oral bisphosphonates (alendronate, risedronate and ibandronate), IV bisphosphonates (ibandronate, zoledronic acid), raloxifene, teriparatide and calcitonin. The key outcome was fragility fracture.ReferenceLiu J, et al. Osteoporos Int 2018;29:2409-17.



Oral bisphosphonates are commonly used, yet 
< 50% of patients remain on treatment at 12 months1

*Pooled data is taken from meta-analysis from 40 studies with 12 different countries, including US, Canada, UK, EU (incl. France, Germany, 
Denmark, Netherlands, Sweden, Belgium, Ireland), and APAC (Singapore, Taiwan) studies.
1. Karlsson L, et al. Osteoporos Int 2015;26:2401–11.

Presenter Notes
Presentation Notes
Key pointFew studies compare persistence to treatment of all available osteoporosis treatments.Karlsson et al conducted a literature review of 40 studies from 12 different countries, which shows that persistence to oral bisphosphonates (alendronate and risedronate) is low as early as 12 months.  They then compared these data with persistence data for patients prescribed denosumab drawn from the Swedish Prescribed Drug RegisterKarlsson et al compared the results wo fthe higher with Prolia than with oral bisphosphonates (alendronate and risedronate).These andReferenceKarlsson L, et al. Osteoporos Int 2015;26:2401–11.



Real-world evidence demonstrates that Denosumab  
patients stay on therapy longer1

1. Durden E, et al. Arch Osteoporos 2017;12:22.

Presenter Notes
Presentation Notes
Key pointReal-world evidence demonstrates that Prolia patients stay on therapy longer, with almost double the number of patients continuing with Prolia compared to oral bisphosphonates after 2 years.ReferenceDurden E, et al. Arch Osteoporos 2017;12:22.



DAPS study1

• Significantly higher adherence, 
compliance and persistence to 
Denosumab 6-monthly SC injection 
compared with weekly alendronate 
tablet

• Treatment adherence

• Significantly more patients preferred 
subcutaneous Denosumab injections 
over alendronate tablets

• Treatment preference

1. Freemantle N, et al. Osteoporos Int 2012;23:317–26.

Denosumab



DAPS study –
Adherence to antiresorptive therapy1

1. Freemantle N, et al. Osteoporos Int 2012;23:317–26.

COMPLIANCEADHERENCE

Received 
2 injections and took 

the 2nd injection 6 
months (± 4 

weeks) after the first

PROLIA 
60 MG 

SC Q6M

Received 
2 injections and 

returned for the last 
visit within the 
allotted time

PERSISTENCE= +

Took ≥ 80% 
weekly tablets

ALENDRONATE
70 MG

oral QW

Took ≥ 2 tablets in 
the last month and 
returned for the last 

visit within the 
allotted time

• Beliefs about Medicines Questionnaire (BMQ) and 
Preference Satisfaction Questionnaire (PSQ) were 
completed at each follow-up visit

Presenter Notes
Presentation Notes
Study designDAPS study: A 24-month, randomised, open-label cross-over study that compared treatment adherence in postmenopausal women receiving subcutaneous Prolia  or alendronate. Patients were postmenopausal women with BMD T-scores of −4.0 to −2.0, and no prior bisphosphonate use. Women received alendronate (oral, 70 mg once weekly) then denosumab (subcutaneous, 60 mg every 6 months), or denosumab then alendronate, over successive 12-month periods. Adherence required both compliance (denosumab injections 6 months apart or ≥ 80% of alendronate tablets) and persistence (both denosumab injections or ≥ 2 alendronate doses in the last month and completion of the treatment period).AbbreviationDAPS, Denosumab Adherence Preference Satisfaction.BMQ, Beliefs about medicines questionnaire.PSQ, Patient satisfaction questionnaire.ReferenceFreemantle N, et al. Osteoporos Int 2012;23:317–26.



Nine out of 10 patients prefer Denosumab compared 
with weekly Alendronate tablet1

• *p < 0.001.

• Preference was assessed only in Year 2. N, number of patients who expressed preference or preference for the long-term between treatments. 

• 1. Freemantle N, et al. Osteoporos Int 2012;23:317–26.

“Increased preference may 
influence persistence and 
adherence with therapy…”

Freemantle, Osteoporos Int, 2012

Presenter Notes
Presentation Notes
Key pointOf 198 subjects expressing treatment preference, 183 (92.4%) preferred the injections over the oral therapy.ReferenceFreemantle N, et al. Osteoporos Int 2012;23:317–26.



Greater adherence, compliance and persistence to 
Denosumab vs weekly alendronate tablet1

RRR, relative risk reduction.
Estimates are based on Cochran-Mantel-Haenszel method stratified by center and prior osteoporotic fracture.
1. Freemantle N, et al. Osteoporos Int 2012;23:317–26.

Presenter Notes
Presentation Notes
Key pointSignificantly more patients were adherent, compliant and persistent to Prolia therapy than alendronate therapy.ReferenceFreemantle N, et al. Osteoporos Int 2012;23:317–26.



Significantly more patients adhered to
Denosumab vs Alendronate tablet1

Percentages on graph show adherence to alendronate or Prolia at year 1 and year 2.
1. Freemantle N, et al. Osteoporos Int 2012;23:317–26.

CROSS-OVER

Presenter Notes
Presentation Notes
Key pointsAdherence was significantly better with denosumab after 12 months of treatment compared with alendronate (p = 0.026).This difference continued throughout the second year of treatment.ReferenceFreemantle N, et al. Osteoporos Int 2012; 23:317–26.



More than 60% of patients preferred a 6-monthly 
SC injection over a weekly tablet1

• 1. Kendler DL, et al. Osteoporos Int 2010;21:837–46.















Summary

• Utilize tools to identify high-risk patients

• Target any patient with a fracture for evaluation

• Ensure adequate calcium and vitamin D

• Promote physical activity

• Discuss medicine options with high-risk patients

• Remove barriers to adherence



Thanks
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