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Osteoporosis: 
Definition and Pathogenesis

Definition

A disorder due to bone loss that  damages 

skeletal architecture, weakens the skeleton 

and predisposes a patient to fracture

- a combination of low bone mass and 

damaged microarchitecture

Pathogenesis

Imbalance in bone remodeling such that 

rate of resorption exceeds that of formation

Images Courtesy of Drs. David Dempster, 

Roger Zebazi and Sergio Ragi
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ANTI-REMODELING AGENTS

Bisphosphonates

Alendronate

Risedronate

Ibandronate

Zoledronic acid

Raloxifene

Denosumab

BONE STIMULATING AGENT

Teriparatide

Osteoporosis Drugs

FDA Approved Indications 2017
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ÅMany of our current drugs are very effective for 

treating  osteoporosis

Åvertebral fracture by 60-70%

Åhip fracture by 40-60%

Ånon-vertebral fracture by 20-35%

ÅFracture protection occurs early after treatment starts 

and persists as long as treatment is taken

ÅIn general are well tolerated

ÅIn clinical trials, have been very safe

Osteoporosis Treatment: Benefits
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Å Real or perceived intolerance

Å Concerns about safety, especially the long-term safety of 

bisphosphonates

Å Inconvenient or awkward dosing regimens

Å Poor adherence to therapy

Å No agent restores skeletal structure or strength to normal 

levels

Åi.e., no ñcureò for osteoporosis

Å Expense

Osteoporosis Treatment: Limitations

M McClung. Personal opinion
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Cathepsin K inhibitors 

New analogs of PTH 

Biological activators of bone formation

Anti-sclerostin antibody 

DKK inhibitors 

New and Emerging Treatments

Anti-remodeling agents

Anabolic agents
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Cathepsin K Inhibition
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Å Cathepsin K, the major 

proteolytic enzyme of osteoclasts

Odanacatib

Å Odanacatib

Å very specific inhibitor of cathepsin K

Å inhibits bone resorption without decreasing osteoclast number 

and function ïthus preserving bone formation

Å in pre-clinical studies, increased endocortical and periosteal

bone formation; increased cortical thickness and strength

Å Convenient once weekly oral dosing in clinical studies
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Odanacatib Increases Cortical Thickness  

and Strength in Femur of OVX Monkeys

Central Femur

C
o

rt
ic

a
l 
T

h
ic

k
n

e
s

s
  

m
m

À p = 0.08 vs VEH

4.0

3.6

3.2

0
Veh

ODN, mg/kg

6 30

#

Proximal Femur

1.6

1.4

1.2

0

À

Veh

ODN, mg/kg

6 30

C
o

rt
ic

a
l 
T

h
ic

k
n

e
s

s
 

m
m

Femoral Neck

# p<0.05 vs VEH

Cusick T et al. J Bone Miner Res. 2012;27:524ï37.

***

Å Increased cortical volumetric 
BMD (31% vs controls)

Å Increased cortical thickness 
in the radius (30%) and 
femur

Å Increased bending strength
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ñUnò- Coupling With Odanacatib

Adapted from Eisman JA, McClung MR  et al. J Bone Miner Res. 2011;26:242ï51

Odanacatib - CTX

Odanacatib ïP1NP
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Lumbar Spine

Full-Analysis-Set Population / LOCF
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Langdahl et al. J Bone Miner Res 2012 ;27:2251-8.

Odanacatib: 
Bone Mineral Density: 5 Years

Marked and progressive 

increase in BMD
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Cathepsin K Inhibitor: Odanacatib
Phase 3: Fracture Risk Reduction

Discontinue therapy

Discontinue therapy

Å In LOFT study of 16,371 patients, odanacatib 50 mg po once weekly 
significantly reduced fracture risk in women with osteoporosis

Å Relative risk reduction (%), 95% (confidence interval)

Åspine 54% (2.3% vs 7.2%)

Åhip 47% (0.7% vs 1.2%)

Ånon-vertebral *  23% (6.5% vs 8.0%)

ÅIncrease in BMD in patients previously treated with alendronate

ÅBecause of unexpected risk of stroke, development was halted in 2016.

McClung M et al. ASBMR 2014, 2016

* Time-dependent decrease in non-vertebral fracture risk



OOC

Abaloparatide
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Abaloparatide: 
Synthetic Analogue of Human PTHrP 1-34

Functional optimization of BA058 based on amino acids 22-34

More selectively binds to R*G PTH receptor than does PTHrP

22                30                 34

100% hPTHrP 38% hPTHrP

hPTH1-34

Hattersley R et al. Endocrine Society. OR31-5, 2014

hPTHrP1-34

Abaloparatide
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Abaloparatide

Å Abaloparatide ïPhase 3 study (ACTIVE)

Å Compared to teriparatide

Å less activation of bone remodeling than teriparatide

Åsomewhat greater increases in BMD

Miller PD et al. JAMA 

2016;316:722-33
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Abaloparatide
Phase 3 Extension Study (ACTIVE)

Lumbar spine BMDTotal hip BMD

Miller PD et al. JAMA 2016;316:722-33



OOC

Abaloparatide
Phase 3 Extension Study (ACTIVE)

Miller PD et al. JAMA 2016;316:722-33
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Abaloparatide
Phase 3 Extension Study (ACTIVExtend)

Fracture protection sustained during 6 months of alendronate therapy


