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Osteoporosis Update:
New and Emerging Treatments, and Controversies
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Learning Objectives

® At the end of this educational program, participants
will be better able to:

A Undertake a systematic evaluation of patients at risk for
osteoporosis and stratify them according to the new
Osteoporosis Canada guidelines

A Apply evidence-based approaches to managing
osteoporosis and preventing/reducing risk of fractures

A Identify optimal lifestyle modifications and
pharmacological approaches based on the patient®
fracture risk

A Understand the risks, benefits and controversies related
to pharmacotherapy for patients at moderate and high
risk of fracture



Patients Who Fracture Are Undertreated
Compared to Patients Who Have Heart Attacks

Patients Receiving Pharmacotherapy for Osteoporosis Following
Fracture vs. Patients Receiving Beta-blockers Following a Heart Attack

% of patients
(o))
o

Heart attack

Fragility fracture

NCQA. The State of Healthcare Quality. Washington, DC. 2008. Tosi LL et al. J Bone Joint Surg Am 2008; 90:163-73.



What are the Canadian guidelines
for identifying fracture risk?



Age <50 Age 50-64 Age 06 5

\ 4

Initial BMD testing

A 4

A

A 4

Fracture risk assessment

Low risk Moderate risk

High risk
10-year fracture risk >20%, or
Prior fraailitv fracture of hip, or

Factors that can change fracture risk by 1 category: [Rfei:
Nl AGlucocorticoid >7.5 mg, >3 months
APrior fragility fracture

10-year fracture risk <10% 10-year fracture risk 10-20%

Reasses¢

Always consider
patient preference

o : - Good evidence of
Repeat BMD testing in Factors that warrant consideration benefit from

1-3 years and reassess risk for pharmacol ogi c pharmacotherapy

To be discussed later
Papaioannou, A et al. CMAJ 2010; 182:1829-30. in the presentation



2010 Clinical Practice Guidelines for the Diagnosis
and Management of Osteoporosis in Canada: Summary
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0.0
S B Low risk (<10%)
[P} -1.0
c
. i
o
e -20 :
2 Moderate risk
o
9 3.0 —
@ B
» High risk (>20%)
4.0 — | | | | | |
0 55 0 65 70 75 80 85

Age, years
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Papaioannou A et al. CMAJ 2010; 182:1829-30.



2010 Clinical Practice Guidelines for the Diagnosis
and Management of Osteoporosis in Canada: Summary

Men
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Papaioannou A et al. CMAJ 2010; 182:1829-30.

Click to see table format.




What biochemical tests should be
ordered In the assessment
of osteoporosis?



Recommended Biochemical Tests for
Patients Being Assessed for Osteoporosis

Calcium, corrected for aloumin

CBC

Creatinine

Alkaline phosphatase

Thyroid-stimulating hormone

Serum protein electrophoresis (for patients with vertebral fractures)
25(0OH)D*

In clinical practice, these tests help rule out secondary causes

of osteoporosis.

*Should be measured after 3-4 months of adequate supplementation and should not be repeated if an optimal level (at least 75 nmol/L) is achieved.
CBC = complete blood count; 25(0OH)D = 25-hydroxy vitamin D
Papaioannou A et al. CMAJ 2010; 182:1829-30.



When should treatment for
osteoporosis be initiated?



When to initiate pharmacotherapy?

® Should be offered to patients at high risk
A >20% probability for major osteoporotic fracture over 10 years
A Fragility fracture of the hip, vertebra or >1 fragility fracture
event constitutes a high risk for future fracture
® For those at moderate risk:

A 10-20% probability of major osteoporotic fracture over
10 years

A Lateral radiographs or vertebral fracture assessment of the
thoracolumbar spine is recommended for further risk
stratification before deciding on pharmacotherapy

A Patient preference and clinical risk factors should be used
as a guide

Papaioannou A et al. CMAJ 2010; 182:1829-30.



What are the recommended treatments?

Bone
Antiresorptive therapy formation
Type of therapy
fracture Bisphosphonates Denosumab Raloxifene Estrogen Teriparatide
(hormone
Alendronate | Risedronate | Zoledronic therapy)**
acid
Vertebral &l 2 2 a &l 2 2
Hip a a a a b a b
Non- a a a a b a a
vertebralt

Un clinical trials, non-vertebral fractures are a composite endpoint including hip, femur, pelvis, tibia, humerus, radius and clavicle.

'For postmenopausal women, & indicates first |ine therapies and Grade A recommen
** For women with menopausal symptoms, hormone therapy (estrogen) can be used as first-line therapy.

Papaioannou A et al. CMAJ 2010; 182:1829-30



Recommended Treatments for Men

® [For prevention of fractures in men, the following can
be used as first-line therapies (Grade D):

A Alendronate
A Risedronate
A Zoledronic acid

Papaioannou A et al. CMAJ 2010; 182:1829-30.



Low-Risk Individuals



The Role of
Non-pharmacological Interventions

Advice to Patients about Exercise

® Remember exercise is important to:
A Improve overall health,
A Maintain muscle strength
A Maintain coordination
A Prevent falls
® Evidence best for weight bearing

exercise, but other forms are
of benefit

® Encourage programs that they love
to do

Papaioannou A et al. CMAJ 2010; 182:1829-30.



What is the appropriate
amount of calcium and
vitamin D supplementation?



1-dehydrocholesterol
in skin

Sunlight UVE

Precholecalciferol

Cholecalciferol
(Vitamin D3)

Liver

25-hydroxyvitamin
D3

Kidney

1-c-hydroxylase

1,25-
dihydroxywvitaminD3

Mobilization of Improves intestinal

skeletal calcium
calcium absorption

Khan et al 2006



50% of postmengpausalweamen acuteihipfxhadedeficient
vitamin D levels, 836% lhnigih IPM, 81%!Ilowutinary calcim

009% - l(;l=9ﬁ_post-menopausal community- 81.80%
welling women

80% -

70% -

LY - 50%
50% -
o | 36.70%
30% -
20% -
10% -
O% T | |

Elevated PTH levels 25(OH)D (<12 ng/ml) Urinary calcium
levels

Adapted from LeBoff et al. JAMA.1999;16:1505-11.



ReasonsfieriHighiRrevalence
of Vitamim D Inadequacy

® | ack of sunlight exposure
® Poor nutrition

® | ower amount of vitamin D precursor 4
dehydrocholesterol in the skin

® | ess efficient synthesis of vitamin D in skin
® | ess efficient renal synthesis of active vitamin D

Adapted from Allain TJ, Dhesi J Gerontology 2003;49:273i 278; Holick MF Am J Clin Nutr 1994;60:619i 630; Lips P. In: Advances in Nutritional Research, Vol 9. New
York: Plenum Press, 1994:1511 165; Webb AR et al Am J Clin Nutr 1990;51:1075i 1081; Holick MF et al Lancet 1989;2:
11047 1105; MacLaughlin J, Holick MF J Clin Invest 1985;76:15361 1538.



Vitamim D

® Breast fed babies need 2000 IU daily or mother needs to
take 6400 |U dalily

® VDR present in muscles and decrease with age

® Vitamin D deficiency associated with atrophy of type 2
muscle fibers recruited in fall prevention

® Vitamin D supplementation increases walking speed and
reverses myopathy



Vit D 7 inhibits cell proliferation and inc differentiation
of cells - inhibits angiogenesis, tumours less invasive
and less likely to metastasize

Vital study T enrolling 20,000 men and women to vitamin
D 2000 iu vs pbo & omega 3 fatty acids X 5 yrs

Will evaluate T cvs, stroke, ops, fx, DM, HTN, asthma,
RA, SLE

Vitamin D regulates BP and may regulate glucose
metabolism

Observational data suggests Vit D protects from colon ca,
breast and prostate ca

May be associated with inc pancreatic ca risk with levels >
100 nmol/L



Vascular Events in Healthy Older Women
Recelving Calcium Supplementation:
Randomized Controlled Trial

Calcium group (732 women)

® Participants received 5
either 1 g of elemental

- —-- Placebo group (739 women)

< ~
calcium daily (as s 4
.the citrate) or S5 3
identical placebo £ 3
O =
® 2 tablets (each with S 2
200 mg elemental x>
calcium) before -
breakfast and 3 tablets 0 le——— o L
in the evening O 6 12 18 24 30 36 42 48 54 60

Time to first Ml (months)

MI = myocardial infarction
Bollan MJ et al. BMJ 2008; 336:262-6.



Calcium

1471 PMF mean age 74 CaCitrate 1 gm vs placebo
Primary analysis effects on BMD, Fx x 5yrs

Secondary analysig effect on Ml, stroke, sudden death
Ml events 45 Cavs 19 Pbo p=0.01

Upward trend noted

Small study: mean GFR 61 ml/min

? Vascular calcification in elderly with CKD
Bolland BMJ 2008



Calcium

Meta- analysis of 11,900 pts calcium vs pbo
Inc risk of MI HR 1.27

WHI 7 7 yr RCT 36,282 PMF

1 gm caco3+vitamin D 400 iu

1ry endpoint CVS events

Self administration of ca obscured effect
HR for CVSrisk 1.24 , stroke 1.15 p .009
Bolland asbmr 2010



Calcium

1000 pts with calcium X 5 yrs
4 additional Ml

4 additional strokes

2 additional deaths

3 fx prevented

Need to reassess ca +[Bubacute hypercalcemia~ 6 hrs may
affect risk



Mamnaging vitamin D def

® Evaluate baseline levels

® |nitiate therapy with cholecalciferol 1000 iu daily or
ergocalciferol 50,000 iu weekly

® Ensure levels are normal in nonresponders as well as those
at risk for D deficiency

® Consider combinations to improve compliance



Alendronate reduces vertebral, Non-vertebral,
and Hip Fractures

Cochrane meta-analysis: Patient incidence of fracture and weighted relative risk for fractures after treatment with 10 mg alendronate

M Placebo ™ Alendronate 10 mg
10.0 1 RRR 16%

7.0 7 RRR 45%

RRR 39%

Percentage of Patients
With Fractures (%)

Vertebral Fracture Non-vertebral Fracture Hip Fracture

RR 0.55 (95% CI, 0.45i 0.67) RR 0.84 (95% Cl, 0.74i 0.94) RR 0.61 (95% Cl, 0.40i 0.92)
p<0.001 p=0.003 p=0.02

Wells GA, et al. Cochrane Database Syst Rev. 2008 , Issue 1, CD001155



Risedronate Reduces Vertebral, Non-vertebral,
and Hip Fractures

Cochrane meta-analysis: Patientsdincidence of fracture and weighted relative risk for fractures after treatment with 5 mg risedronate

M Placebo ™ Risendronate 5 mg

15.0 RRR 37%
14.0
13.0 RRR 20%
12.0
11.0
10.0
9.0
8.0
7.0
6.0
5.0
4.0
3.0
2.0
1.0
0.0

%)

(

RRR 26%

Percentage of Patients

With Fractures

n=11786

Vertebral Fracture Non-vertebral Fracture Hip Fracture
RR 0.63 (95% Cl, 0.51i 0.77) RR 0.80 (95% Cl, 0.72i 0.90) RR 0.74 (95% ClI, 0.59i 0.94)
p<0.0001 p=0.0002 p=0.01

Wells GA, et al. Cochrane Database Syst Rev. 2008 Jan 23;(1):CD004523



Zoledronic Acid Reduces Vertebral, Non-

vertebral, and Hip Fractures

RCT: HORIZON 3 year Pivotal Fracture Trial in PMO women
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* Incidence rate

M Placebo W Zoledronic Acid 5 mg

RRR 70%

R 0
10.9% RR 25%

n = (310/2853)

10.7%
n = (388/3875)

8.0%
n = (292/3861)

RRR 41%

3.3%

n = (92/2822) 2.5%

n = (88/3875) 1.4%
n = (52/3861)

Vertebral Fracture* Non-vertebral Fracture** Hip Fracture**
RR 0.30 (95% ClI, 0.24i 0.38) RR 0.75 (95% ClI, 0.64i 0.87) RR 0.59 (95% ClI, 0.42i 0.83)
p<0.001 p<0.001 p=0.002

** 3-year cumulative event rates based on Kaplan-Meier estimates.

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



FLEX : FITTLongeternmexiension

ALN in FIT for a mean of 5 yrs 1099 randomized to ALN 5 or
10 mg or placebo X additional 5 yrs

Ca 500 mg /d + D 250 IU daily
1o outcome total hip BMD
2nd outcomes BMD other sites, biomarkers

D/C ALN after 5 yrs 2-3% decrease hip BMD, gradual rise In
BTM

ALN Thigher BMD at hip & LS, BTM remained suppressed,
clinical Vix fewer



FLEX
® 18 biopsies evaluablemarked reductions in remodelling

, N0 evidence of frozen bone; microdamage not assessed
Recker 2004

® Dual labelling seen in all specimens
® Safetyl no difference between pbo & aln

® | ong term use x 10 yrs no increase In risk of
nonvertebral fx with 10 yrs Rx ; decreases clinical vfx

® paseline T score <2.5 nonvfx risk dec in comparison to
those on 5 yrs aln

® No harmful effects on bone strength or loss of benefit
despite increases in age

® No cases of ONJ seen



Drug Holiday?

FLEX 10 yrs vs 5 yrs

55% reduction in clinical vfx

High risk patients dec. non vfx risk

Risedronatei 3 yrs + 1 yr off T no increase in risk of vfx
If fx risk Is low T no BP

> 5 yrs therapyT review indications

If no prev fx and T > -2.5 consider drug holiday



Esophagealeance®&BRs

Green et al BMJ 9/2010

UKGPRD database 80,000 pts reviewed x8yifs
retrospective observational

3000 M, F with esophageal ca matched to 15,000 without
esophageal ca

Usual esophageal cancer risk in 649 yr olds 1:1000
>5yrs BP use risk 2:1000

Risk of esophageal ca much lower with BP than with
drinking, smoking, obesity



Expert opinion

® ONJ associated with BP has been reported in cancer
patients receiving high dose IV BP in whom the
Incidence has been estimated to be betweenlD%
and appears to be related to dose and duration of use

® A causal link has not been identified between low dose
BP use in osteoporosis patients and ONJ

® In the osteoporosis patient population the incidence of
ONJ may not be higher than seen in the general
population and has been estimated to be <1 in 100,000

80
Khan A. etal. Journal of Rheumatology = June 2008



Atypicall fix
310 cases reviewed by asbmr task force
286 on BP for osteoporosis 5 for cancer
19 cases no BP uge6.1%
9 men
Prodromal paini 70%
Concomitant GC use 34%
Delayed healing seen in 26%
No preceeding trauma in majority pts
PPl use 39% of pts



Atypical fix

Some evidence of association with long term BP use
No causal relationship

BBx- dec. formation although some cases have inc
resorption

BTM may be normal or increased
Need to know true incidence and risk factors



Atypical Fractures of the Femoral Diaphysis in
Postmenopausal Women Taking Alendronate

Lenart BA et al. N Engl J Med 2008; 358:1304-6.



NOnN the basis of available data,
physicians should not rush to jJudgment
and stop prescribing bisphosphonates

because of concern about atypical
femoral fractures.o

Elizabeth Shane, editorial comment

Shane E. N Engl J Med 2010; 362:1825-7.



NEJM may 2011 Schilcher,Aspenberg

Sweden 2008 1.5 million women >55 with fx
12,777 hip fx

1234 subtrochanteric

59 atypical T 78% had been on BPs

Risk increased with duration and recent use
Extremely low risk of 1:2000

In those at high risk of fracture benefit >>> risk



Effects of PTH

® Ct.Th: 0.32 mm CD: 2.9/mm?3 ® Ct.Th: 0.42 mm CD:4.6/mm?3

o i Baseline

PTH = parathyroid hormone; Ct. Th = cortical thickness
Dempster DW et al. J Bone Miner Res 2001; 16:1846-53.



Pharmacological Therapies:
rhPTH(1-34) on the Risk of
New Vertebral Fractures

*p<0.001 vs. placebo

RR=0.35
(95% CI 0.22-0.55)*
0% ' - 14
- 12 ©
25% | r 10 9,..
=
0 8 3
0%
| -
75% | 4
- 2
100% ° 2z -0
Placebo rhPTH 20
(n=448) (n=444)

No. of women who had >1 fracture
Click for more results.

rhPTH(1-34) = recombinant human parathyroid hormone
Neer RM et al. N Engl J Med 2001; 344:1434-41.



Many Factors Affect Osteoblast Expression
of RANK Ligand

. CFU-M % RANKL
Glucocorticoids PTH PGE q PI‘EfUSIOﬂ Osteoclast 24 RANK
- A
Calcitriol ~ "
IL-11
o
“ N -
IL-6 Multinucleated
"o = ® &  Osteoclast
IL-1 s ¢ & - " o
» »
PTHrP “ ¥ 8 » v a2
\ o
TNF-a ;\‘ N » Activated

| | Osteoclast

_ Osteoblast
IL = Interleukin

PGE, = prostaglandin E2
PTH = parathyroid hormone

PTHrP = PTH-related peptide

Adapted from Boyle WJ, et al. Nature. 2003;423;337; Hofbauer LC, Schoppet M. JAMA. 2004;292:490



Denosumab Reduces Vertebral, FREEDOM
Non-vertebral, and Hip Fractures in Women With PMQ

RCT: FREEDOM 3 year Pivotal Fracture Trial in PMO women

B Placebo B Denosumab

g 15% -

(o]

o

= RRR 20%

S

= e 4 RRR 68% 6 0%

© 7.2% n = (293/3906

® n = (264/3691) ( ) 6.5%

o RRR 40%
o

O 5% -

< 2.3%

2 n = (86/3702) 1.2% 0.7%
LL o% —

A ] A
Vertebral Fracture* Non-vertebral Fracture Hip Fracture

RR 0.32 (95% ClI, 0.261 0.41) RR 0.80 (95% ClI, 0.67i 0.95) RR 0.60 (95% ClI, 0.371 0.97)

p<0.001 vs placebo p=0.01 vs placebo p=0.04 vs placebo

*Crude incidence
AKaplan-Meier estimate of incidence

Cummings SR, et al. N Eng J Med. 2009;361:756



Targeting RANKL: Denosumab Binds RANKL, Inhibiting
Osteoclast Formation, Function, and Survival

Osteoclast Precursor Prefusion
Osteoclast
e N4
. r
Hormones Q °v)=
Growth Factors .
Cytokines = ©

Bone Formation

i RANKL
\4;:’ RANK

\./ OPG
Y Denosumab

Osteoclast Formation, Function,
and Survival Inhibited

Bone Resorption Inhibited

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



Summary of AES
Rate per 100-Patient-Years

A ONJ: 2 adjudicated cases of ONJ in 2 subjects treated with denosumab for 2 years. These subjects
were previously treated with placebo for 3 years in the FREEDOM trial
A Atypical fracture: No cases observed through 5 years of treatment

Chapurlat R, et al. ACR, Atlanta 2010. Oral Presentation 2157.



Bone Resorption by Osteoclasts

o 3, Integrin

%% Lysosomes
‘Cat K
CIC-7
Y V-ATPase

RANK/RANKL

& Caicitonin & Receptor |
\

Sealing
Zone

>

Lysosomal
Enzymes

. . .Cathepsin K

Cathepsin K (cat K) is highly expressed in the osteoclast, where it is localized in the
lysosomes and released during bone resorption.

Rodan SB, Duong LT. BoneKey. 2008;5(1):16-24.




Odanacatib is Structurally Distinct

Odanacatib Balicatib Relacatib

Odanacatib 0.2 1,034 2,995 60
*Balicatib 0.6 4 800 503 65,000
*Relacatib 0.5 68 0.3 3.6

* Different Ki values published in 2005 ASBMR abstracts



Elements of Wnt/b-catenin Signaling
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Sclerostin I1s an Inhibitor of Osteoblast-mediated
Bone Formation

Osteaoblast Lineage

l

Sclerostin
_‘HAMG 785

AMG 785

* Investigational bone anabolic agent
» Humanized monoclonal antibody that targets sclerostin
» Stimulates osteoblast-mediated bone formation

Marcus R. Osteoporosis. 3rd ed. 2008:253-254.
Data on file, Amgen.

©



Wnt—B-catenin Signaling Pathway Plays a Central
Role in Regulating Bone Mass

Sclerostin Inhibits AMG 785 blocks sclerostin
Wht Signaling allowing for increased Whnt signaling
M|l FzD
I LRP2
—(UL - 7 LRP5/6
- - \Vnt,
\ et rrneeee
R - sclerostin
~ AMG 785

Inhibition of Osteoblast Function Stimulation of Osteoblast Function

FZD = frizzled receptor; LRP = low-density lipoprotein receptor-related protein

Baron R, Rawadi G. Endocrninology. 2007:148; 2635-2643. Nusse R. Nature. 2001:411; 255-256. Qit SM. J Clin. Endocrinal Metab. 2005;90:6741-
6743. Capglis E. N Engl J Med. 2007;357:905-916. Choi HY, et al. PLoS ONE. 2009;4:e7930.
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Design : 6-month, randomized, placebo :
controlled, positive control, multidose daily
administration

Patients: 165 postmenopausal women (mean
age, 64 yr) with osteoporosis

Interventions: A TPTD patch (20, 30, or 40 ug
dose) or a placebo patch daily (30 -min), or
20 ug of TPTD dally injections.

TPTD coated on a 2 -cm titanium microneedle
array with 1300 microneedles of 190 pm



First Line Therapies with Evidence for Fracture
Prevention in Postmenopausal Women'

Antiresorptive Therapy

Type of

Fracture Bisphosphonates Denosumab Raloxifene

Alendronate Risedronate Zoledronic
Acid

Vertebral
Hip

Non-
Vertebral

*For postmenopausal women, indicates first line therapies and Grade A recommendation.
**Hormone therapy (estrogen) can be used as first-line therapy in women with menopausal symptoms.
In Clinical trials, non-vertebral fractures are a composite endpoint including hip, femur, pelvis, tibia, humerus, radius, and clavicle.

Papaioannou A, Morin S. CMAJ. 2010.D0OI:10.1503/cmaj.100771

Bone
Formation
Therapy

Estrogen ** Teriparatide
(Hormone
Therapy)




