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Osteoporosis Therapy

OBJECTIVES: 

• Prevent new fractures

For patients with fractures

• Minimize symptoms

• Improve function

• Optimize quality of life

McClung MR, JAMA 1999;282:687-689.
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* X = FDA-approval § In clinical trials

Postmenopausal Osteoporosis: 
Approved Treatment Options 2008

Annual IV dosingXXXX-Zoledronic acid

ANABOLIC AGENTS

ANTIRESORPTIVE AGENTS

Comments
Documented Fracture 

Reduction §

Approved

Indications *

XXX-Teriparatide

Extra-skeletal effectsXXX-XEstrogen 

XX-Calcitonin

Prevention of breast cancerXXXRaloxifene

Weekly  and monthly dosingXXXXXRisedronate

Monthly and IV dosingXXXIbandronate

Weekly dosingXXXXXAlendronate

Hip Non-
vertebral 

Spine TreatmentPrevention

No head-to-head trials comparing fracture outcomes

Information from Package 
Inserts of each agent
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• Bisphosphonates: almost always an option in absence of 
contraindication (swallowing difficulty) 

• Raloxifene: a consideration when concern is spine fracture 
but not hip fracture

• Calcitonin: rarely a first choice 

• Estrogen: approved for prevention but not treatment

• Teriparatide: for high risk patients

Osteoporosis Treatment 2008
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Vertebral Fracture Risk Reduction
12-24 months

24                  12                  19 12                   12

MONTHS

PlaceboPlacebo

Alendronate 5/10 mg dailyAlendronate 5/10 mg daily

Risedronate 5 mg dailyRisedronate 5 mg daily

Teriparatide 20 Teriparatide 20 ugmugm dailydaily

PTH 1PTH 1--84 100 84 100 ugmugm dailydaily

Zoledronic acid 5 mg IV Q yearZoledronic acid 5 mg IV Q year

Subjects: Postmenopausal Subjects: Postmenopausal 

women with osteoporosiswomen with osteoporosis

RRRRRR

RRR, relative risk reduction; FIT-VFA, Fracture Int ervention Trial 
Vertebral Fracture Arm; VERT-MN, Vertebral Efficacy  With 
Risedronate Therapy-Multinational; FPT, Fracture Pr evention Trial: 
TOPS, Treatment of Osteoporosis with PTH Study

FIT-VFA 1 VERT-MN 2 FPT 3 TOPS 4 HORIZON 5

64%                  61%                  65%                 6964%                  61%                  65%                 69%                60%%                60%
RRRRRRRRRRRRRRRRRRRRRRRR
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Therapy Interrupts Cycle of Multiple 
Vertebral Fractures
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4 Ettinger B et al, JAMA. 1999;282:637
5 Neer RM, et al. N Engl J Med. 2001;344:1434

6 Black DM, et al. N Engl J Med . 2007;356:1809.

RRR      89%        77%        96%       80%       90%       89%
ARR      3.9%      1.3%       5.9%       4.0%      8.0%      2.1%

Patients: Low BMD with or without prevalent vertebr al fracture

STUDY:     FIT1 VERT NA2 VERT MN 3      MORE 4        FPT 5     HORIZON 6

Placebo
Alendronate

Risedronate

Raloxifene

1 Black DM, et al. Lancet. 1996;348:1535 
2 Harris ST, et al. JAMA. 1999;282:1344

3 Reginster J, et al. Osteoporos Int. 2000;11:83-91

Teriparatide
Zoledronic acid
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McClung MR, et al. N Engl J Med.
2001;344:333

Hip Fracture Risk Reduction

Black DM, et al. Lancet . 
1996;348:1535
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Placebo    
Alendronate

11/1022

0 1 2 3

p=0.047

22/1005

Year

51%
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1

0 1 2 3
Year

Black DM, et al. N Engl J Med.
2007;356:1809

2

3

1

0 1 2 3
Year

46/1821     

40%

p=0.009

Placebo    
Risedronate

55/3624

88/3875     

41%

p=0.002

Placebo    
Zoledronic acid

52/3861

Not head-to-head: Studies cannot be directly compar ed



OOCOOC

FRACTURE RISK REDUCTION (%)

Vertebral 

3 years 30-70%

1 year 60-69%

Multiple vertebral 77-96%

Hip (ALN, RIS, ZOL) 40-50%

Non-vertebral 20-30%

Effectiveness of Current Therapies
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• Long residence in bone 

• Persistence of an effect after stopping alendronate  

• Increased tissue mineralization density with treatm ent

• Increased microcracks with treatment

• Clinical concerns

• Osteonecrosis of the jaw

• Reports of unusual fractures and impaired healing

Bisphosphonates: 
Concern About Long-term Safety
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Bisphosphonates, ONJ and 
Osteoporosis

• Incidence not known 

• (estimates 1/10,000-1/250,000 patient years)

• Pathogenesis uncertain

• Link to bisphosphonate therapy not proven to be cau sal

• No spontaneously reported ONJ in clinical trials

• Strategies for prevention and management are empiri c

• No evidence that discontinuing bisphosphonate thera py 
before dental procedures reduces risk of ONJ

Khosla S et al. J Bone Miner Res . 2007;22:1479-91
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• Several small series of cases experiencing 
unusual lower extremity fractures

• Not always old

• Time on therapy variable

• Often on other drugs, esp. steroids

• Bone turnover: low normal resorption but 
very low or absent formation

• Slow or absent healing

• ?? a small cohort of patients predisposed 
because of osteoclast dysfunction??

GohGoh SS--K, et al. K, et al. J Bone Joint SurgeryJ Bone Joint Surgery , 2007;89, 2007;89--B:349B:349 --353.353.
Kazuhiro I, et al. Kazuhiro I, et al. J  Bone Mineral J  Bone Mineral MetabMetab 2007. 25: 3332007. 25: 333--336.336.

LenartLenart BA, BA, LorichLorich DG, Lane JM. DG, Lane JM. N N EnglEngl J Med.J Med. 2008;358:13042008;358:1304 --6.6.
NeviaserNeviaser AS, et al. AS, et al. J J OrthopOrthop TraumaTrauma . 2008;22:346. 2008;22:346 --50.50.

Bisphosphonates and Non-healing 
Fractures - “Frozen Bone”?
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Bisphosphonates: Long-term Therapy

• Persistent but not progressive inhibition of bone 
turnover (markers and bone biopsy)

• Bone turnover is not maximally suppressed in patien ts 
on long-term bisphosphonate therapy

• No evidence of loss of fracture protection with lon g-term 
therapy 

• No evidence of skeletal harm in clinical trials

• Overall, minimal reason for concern about long-term  
skeletal safety of oral bisphosphonates for osteopo rosis

McClung MR 2008. Personal opinion
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• Real or perceived intolerance

• Concerns about long-term safety of bisphosphonates

• Inconvenient or awkward dosing regimens

• Poor adherence to therapy

• No agent restores skeletal structure or strength to  
normal levels

• i.e., no “cure” for osteoporosis

• Expense

Osteoporosis Treatment 2008: Limitations

M McClung. Personal opinion
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Anti-resorptive agents

Anabolic agents

Unknown mechanism of action

New SERMs 1

Oral calcitonin 
RANKL inhibitors 2

Cathepsin K inhibitors 3

New analogs of PTH 4

Biological activators of bone formation
Anti-sclerostin antibody 5

DKK inhibitors 6

Strontium ranelate 7

On and Over the Horizon: Future Treatments

5 5 Greenspan SGreenspan S et al. Osteoporos Int. 2005;16(suppl 3):S11.
55 Warmington K, et al. J Bone Miner Res. 2005;20(Suppl 1):S22.

Grisanti M et al. J Bone Miner Res. 2006;21(Suppl 1):S25.
8 Meunier P, et al. New Engl J Med. 2004;350:459-468.

1 McClung M, et al. Osteoporos Int. 2005;16(Supp 3):S57-S58.
2 McClung MR, et al. New Engl J Med. 2006;354:821-831.
3 3 Roy SK et al. Roy SK et al. J Bone Miner Res. 2005;20(Suppl 1):S293.
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• Oral calcitonin in Phase III study

• Bazedoxifene 20 mg daily

• Reduced spine fracture by 42% and, in high-risk 
subgroup, reduced non-vertebral fracture.

• Lasofoxifene 0.5 mg daily

• Reduced spine fractures by 41%, nonvertebral 
fractures by 22% and ER+ breast cancer by 67%

• Arzoxifene: in Phase III trials

New Osteoporosis Treatments 2008

Cummings SR et al. ASBMR 2008 abstract 

Silverman S et al. ASBMR 2007, abstract 1206  
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Osteoporosis Evolving

Images courtesy of Dr. David Dempster, Images courtesy of Dr. David Dempster, ©©20052005
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Osteoporosis Evolving

Image courtesy of Dr. Susan OttImage courtesy of Dr. Susan Ott
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Coupled Bone Remodeling 

Osteoblasts

Bone formation

Bone resorption

Bone

Osteoclast



OOCOOC

Osteoblast

Growth Factors 
Hormones
Cytokines

RANK

RANKL

Mature
Osteoclast

CFU-M

Pre-Fusion 
Osteoclast

Multinucleated
Osteoclast

RANK Ligand/Osteoprotegerin

CFU-M = colony 
forming unit 
macrophage

RANK Ligand is essential for osteoclast formation, function and survival

Bone

OPG

Osteoblast

Adapted from Boyle WJ et al. Nature. 2003;423:337-42.
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Adapted from Boyle WJ et al. Nature. 2003;423:337-42.

Osteoblast

Osteoclast Formation, Function and 
Survival Inhibited by Denosumab

RANK

RANKL

OPG

Bone

YY

CFU-M

Pre-Fusion 
Osteoclast

Multinucleated
Osteoclast

YY
YY

YY

Denosumab

Mature
Osteoclast

Growth Factors 
Hormones
Cytokines

YYOsteoblast

Mechanism of Action for Denosumab

• fully human IgG2 anti-RANKL antibody
• given subQ every 6 months
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Denosumab 6-monthly: Serum C-telopeptide 

McClung MR, et al. New Engl J Med. 2006;354:821-831.
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100 mg, N = 41100 mg, N = 41
210 mg, N = 46210 mg, N = 46
Alendronate 70 mg/wk, N = 45Alendronate 70 mg/wk, N = 45
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• Persistent effect over treatment interval of 4 year s

• Fully reversible upon discontinuation

• Fracture risk: in placebo controlled phase III stud y

• Denosumab 60 mg subcutaneously Q6mo significantly 
reduced the risk of vertebral fracture, hip fractur e and 
non-vertebral fracture 

• No significant safety concerns

Denosumab and Osteoporosis

Cummings SR, McClung MR et al. ASBMR 2008

Miller PD, Lewiecki EM, McClung MR et al. Bone 2008; 43:222-229.
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• Anti-resorptive agents:

• More options

• More sophisticated mechanisms of action

• Better efficacy - unlikely

• Different tolerability profile

• Different dosing regimens 

• Q 6-12 months; subQ, IV 

• Possible combinations with anabolic agents

What Will New Drugs Offer?

M McClung. Personal opinion
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��� � Bone Formation

Normalize
BMD

Restore trabecular 
architecture

Increase 
bone formation

Anti-resorptive Agents –
What They Do Not Do

Images Courtesy of Dr. David Dempster
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Osteoporosis Evolving

Photo by Lilian Plotkin and Lynda Bonewald

Osteocytes and cannicular network
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BMP PTH

LRP5/Wnt

� -catenin

Altered transcription of several genes

Enhanced bone formation

LRP5/Wnt Signaling Pathway

Sclerostin Dkk1
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Genetic Disorders of LRP5/Wnt 
Signaling Pathway

• Sclerostiosis 

• sclerosing bone dysplasia

• sclerostin deficiency 

• high bone mass

• fractures never reported

Gardner JC, et al. J Clin Endocrinol Metab. 2005;90:6392-5.
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Therapy of rats and monkeys with estrogen-deficienc y and 
osteoporosis restored bone volume, structure and st rength to 
levels at or better than sham control animals after  a few months. 

Warmington K, et al. J Bone Miner Res. 2005;20(Suppl 1):S22. 
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Anti-sclerostin Antibody Therapy

Bone formation markers increase 60-100% after 21 da ys in humans
Padhi D, et al. J Bone Miner Res. 2007;22(Suppl 1):S37. 
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• Anabolic agents:

• More sophisticated mechanisms of action

• Longer duration of “anabolic window”

• Possibility of “cure” with short-term 
treatment

• Caveat: Tissue specificity is required

(stimulation of only bone formation)

What Will New Drugs Offer?

M McClung. Personal opinion
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Treating Osteoporosis

• Current treatments are effective in 
reducing fracture risk in patients at 
high risk from fracture.

• New treatments, including some 
with novel mechanisms of action, 
will be available soon.

• Beneficiaries of these advances 
and our work will be our patients.
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Thank You

Michael R. McClung, MD, FACP
Founding Director

Oregon Osteoporosis Center
Portland, Oregon, USA
mmcclung@orost.com


