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“Il principale scopo della terapia
dell’'osteoporosi e quello di ridurre
il rischio di fratture”

Cooper C. et al. Lancet 1995; 345: 743-744
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DeFRA: una via italiana alla predizione
del rischio

Fattoriali di rischio DeFRA

Frattura di femore Fratture Cliniche

Storia familiare Frattura femore

Fuma <10 sigarette

Fuma >10 sigarette

Cortisonici (>5 mg Prednisone EQ)*
Immunosoppressori e Ipertiroidismo atrogeno

Cortisonici <5 mg >2 mg Prednisone Eq

Alcool (>3 unita die)

Una pregressa frattura vertebrale o di femore

Pili pregresse fratture vertebrali o di femore

Pregresse fratture non traumatiche (non femore o vertebre*)
Artrite Reumatoide e altre connettiviti

*Algoritmo non applicabile; *= connettiviti, terapie immunosoppressive, ipertiroidismo iatrogeno.

Adami S. et al., Reumatismo, 2009
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Terapia dell’'osteoporosi
e delle fratture ad essa conseguenti

# Correggere eventuali errori dello stile di vita
(fumo, eccessivo introito di alcol)

# Consigliare una adeguata attivita fisica

* Fornire un adeguato apporto di calcio e
vitamina D

# Aumentare la resistenza scheletrica,
somministrando farmaci in grado di
prevenire I'insorgenza di fratture

# Migliorare la qualita di vita




Metabolismo della vitamina D
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UV radiation therapy for rickets

Gamgee K.L.M.,1927. The Artificial light treatment of children in rickets, anaemia
and malnutrition. P.B. Hoeber Inc. New York, New York, USA 172 pp.
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Severe vitamin D def

Courtesy of P. Ballanti



Effect of a single large dose of cholecalciferol and
ergocalciferol (300,000 IU) on 25(OH)D serum changes

(the dashed line represents the threshold level for
vitamin D sufficiency, settled at 32 ng/mL)

*p < 0.01 vs baseline
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Romagnoli E. et al, J.C.E.M., 2008



25(OH)D (nmol/L)

200

20-30 31-40 41-50 51-60 61-70 71-80 81-90
Age (decades)

Data from: Romagnoli E. et al., Br. J. Nutr., 1999
Carnevale V. et al., Osteoporos. Int., 2001
Pepe J. et al., Osteroporos. Int., 2005



Forest plot of the risk of hip fracture between
vitamin D and placebo/no-treatment groups

Rigk of hip fracture
Vitamin D vs. placebo

Favours Favours Weight Relative risk
treatment placebo (96) (959 Cl)

Lips et al, 1996 ; 1.21 (0.83, 1.75)

Meyer et al, 2002 . 1.08(0.73, 1.57)

Trivedi et al, 2003 . 0.87 (0.49, 1.66)

RECORD Trial Group, 2005 . 1.14 (0.75, 1.72)

Pooled estimate 1.10(0.89, 1.36)

05 1.0 15

Relative risk (95% CI) of
hip fracture

Cl=confidence interval
RECORD = Randomised Evaluation of Calcium Or vitamin D

Boonen S. et al., J.C.E.M., 2007



Forest plot comparing the risk of hip fracture between vitamin D
and calcium and placebo/no-treatment groups

Chapuy et al, 1994

Dawson-Hughes et al, 1997

Chapuy et al, 2002

Porthouse et al, 2005 |

RECORD Trial Group, 2005

Pooled estimate

Cl = confidence interval

Risk of hip fracture
Vitamin D plus calcium vs. placebo

Favours
placebo

Favours
treatment

0.5 1.0 1.5

Relative risk (95% CI) of
hip fracture

RECORD = Randomised Evaluation of Calcium Or vitamin D

Weight

(96)

58.9

0.4

Relative risk
(95% CI)

0.74 (0.60, 0.91)
0.36 (0.02, 8.78)
0.62 (0.36, 1.07)
0.71(0.31, 1.64)

1.14 (0.76, 1.73)

0.79 (0.64, 0.97)

Boonen S. et al., J.C.E.M., 2007



Vitamin D therapy, fractures and survival

Cumulative probability Cumulative survival
of any first fracture
0.14 1.0
0.9
0.8 p=ns
0 0.7
0 10 20 30 40 50 60 70 0 10 20 30 40 50 60 70
Months Months
— Vitamin D (n=1345) — Placebo (n=1341)

Trivedi D.P. et al., B.M.J., 2003



Farmaci piu frequentemente impiegati
nella terapia dell'osteoporosi

Alendronato
Calcitonina
Clodronato In fase sperimentale
Denosumab

Estrogeni ed Estroprogestinici

Etidronato
Ibandronato

Ipriflavone
Neridronato e Terapie sequenziali?

e Ormone della crescita

Ormoni anabolizzanti * Terapie d'associazione?
Pamidronato

Paratormone

Raloxifene

Risedronato

Sali di calcio

Sali di fluoro

Sali di stronzio

Tibolone

Vitamina D e suoi metaboliti
Zoledronato




Different drugs and conditions on the components of
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Young Adult Female

Untreated PMO
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Anti-Catabolic Drugs

Anabolic Drugs
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Riggs B.L. & Parfitt M.A., J.B.M.R., 2005



Therapeutic Management of
Postmenopausal Osteoporosis

During Past Vasomotor Symptoms After Fracture
[ Hot Flashes\ ¢ Before fracture Y [ N\ %
¢
4
Vs

AGE

STAGE €— At Risk/Osteopenia —> Osteoporosis —> Severe Osteoporosis

Higher Lower

BMD < T-Score
)
ET = Estrogen therapy

* ing risk of fracture with
EPT = Estrogen plus progestin therapy TEMEES AR [ S WS S0 Bl



Women’s Health Initiative

8506 donne 8102 donne Placebo
Estroprogestinici

Neoplasia mammaria invasiva
Malattia cardiaca coronarica
Stroke

Embolia polmonare

Fratture femorali
Neoplasie colorettali

JAMA, 2002



% of Women with incident Vertebral Fracture

Four-year results from MO
Total study population

RR 0.54 (0.44-0.65)
|

RR 0.66 (0.55-0.81)
—

RR 0.57 (0.48-0.69)
L

RR 0.64 (0.53-0.78) RR 0.62 (0.44-0.87)
— L

RR 0.51 (0.35-0.73)
| o |

Women reporting no use
of bone-active agents in yr 4

RR 0.54 (0.43-0.69)
 ———

RR 0.65 (0.52-0.81)
—

RR 0.58 (0.47-0.71)
A

RR 0.63 (0.52-0.77) RR 0.61 (0.42-0.90)
— R ——

RR 0.52 (0.35-0.78)
—

Pooled study With >1 Without
population prevalent VFx prevalent VFx

RE

= Placebo
Il Raloxifene 60 mg/day
= Raloxifene 120 mg/day

Delmas P.D. et al., J.C.E.M., 2002



Alendronate reduced the risk of fractures at all key
sites in women with osteoporosis

Vertebral  Multiple Painful Non- Non-vertebral Hip Wrist Any

(radio-graphic) vertebral  vertebral vertebral osteoporotic* symptomatic

Fracture risk reduction (%)

!

(1]
48% 45% 0%

|1

54%

ll!/.l

87%

*fracture of the clavicle, humerus, pelvis, hip or leg

Black D.M. et al., J.C.E.M., 2000



Alendronate 10 Year Efficacy Data

O=MNOLAOIONOOOOO
I R TR TR TR T N NN S |

Lumbar Spine BMD

A ALN 5mg
® ALN 10 mg
¢ ALN 20 mg/ALN 5 mg/Placebo

0 12 24 36 48 60 72 84 96 108 120

Emkey R. et al., JBMR, 2002



Patients with

Incidence of Hip Fracture in the Younger
Women (Left) and the Older Women (Right)

Women 70 to 79 Years Old* Women >80 Years Old **
6 p:NS

Hip Fracture (%)
SCO~2=2NMNDNWW
STIeTeTeT

0 12 24 36 0 12 24 36
Month

* Enrolled if they had a low BMD at the femoral neck (T score, lower than -4 or lower
than -3 with at least one nonskeletal risk factor for hip fracture).

** Enrolled if they had at least one nonskeletal risk factor or low BMD at the femoral
neck (T score, lower than -4 or lower than -3 with a hip-axis length >11.1 cm).

McLung M.R. et al, N.E.J.M., 2001



Change in Bone Mineral Density (%)

Various regimens of zoledronic acid, BMD and
biomarkers

Lumbar spine

Urinary N-Telopeptide:
Creatinine Ratio

Femoral neck

Serum C-Telopeptide
Concentration (nmol/liter)

3 6 9 12 0 3 6 9 12
Month of Study

®© Placebo 4 4x0.25mg 44x0.5mg ©4x1mg @ 2x2 mg © 1x4 mg

Reid I.R. et al., N.E.J.M., 2002



Study Design
Phase 3: The FREEDOM Trial

Study Month Enrolled study population
Study Visit Day 1 .
(mon){h) Vis)i,t 1 6 12 24 36 7,868 Postmenopausal women
= T-score <-2.5 at the lumbar
‘ ‘ ‘ ‘ ‘ ‘ spine or total hip and
not < —4.0 at either site
E Denosumab E . Exczjlusi?n anryJ: sbev?r];e o: > 2
< . 60 mg SC Q6M moderate vertebral fractures
C D n = 3,933 o
R o] F
E :V' Calcium and Vitamin D 1 Primary endpoint
N V4 E = New vertebral fracture* over
|N ,_? A 36 months
G | Placebo 15 _
0 n =3935 e Secondary endpoints
- ¥ = Time to first nonvertebral fracture

= Time to first hip fracture

= |International, placebo-controlled study

* Defined as an increase of at least one grade in a vertebral body that was normal at baseline
SC = subcutaneous; Q6M = once every 6 months

Cummings S.R. et al., N. Engl. J. Med., 2009



The Effect of Denosumab on Fracture Risks at

36 Months
Phase 3: The FREEDOM Trial

20% M Placebo
9% -1 68% P=0.01 H Denosumab
P<0.001
il 8,0% \
7% -

6% 1
5% 1
4%
3% T
2% -
1% -
0% -

Incidence at Month 36 (%)

New Vertebral Nonvertebral Hip

Cummings S.R. et al., N. Engl. J. Med., 2009



Effects of Treatment on Biochemical Markers of Bone Turnover
Over 12 Months
Phase 3: The STAND Trial

Alendronate 70 mg QW  —@— Denosumab 60 mg Q6M

CTx-1 P1NP

34 1
32 1
30 1
28 -
26
24 -
22 -
20
18 -
16- 3
14 A
12 A

Serum CTx-1 (ng/mL)
Serum P1NP (pg/L)

Study Month Study Month

Dotted line is lower limit of premenopausal reference range.

Values are medians; error bars represent the interquartile range.

Analysis carried out in the observed data set; missing values were not imputed.
*P < 0.0001.

Kendler DL et al., J Bone Miner Res., 2009
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Esposizione (Anni) Denosumab lungo-termine (N=2208)

—a— Placebo (N=2088)

Continuo e significativo incremento della BMD nel 4°e 5°anno di

trattamento a lungo termine con denosumab

Adattato da Papapoulos S. et al., Osteoporos. Int., 2011



Variazione percentuale media

della BMD del femore totale

Variazione percentuale della BMD
del femore totale

8 *p < 0.002 rispetto a placebo e basale
*
*
6 i £ 3
* 7.0%
incremento della
g 47 * BMD del femore
=X " totale
() rispetto a
o Freedom
basale

4 5

Esposizione (Anni) Denosumab lungo termine (N=2208)

—— Placebo (N=2088)

Continuo e significativo incremento della BMD nel 4°e 5°anno di
trattamento a lungo termine con denosumab

Adattato da Papapoulos S. et al., Osteoporos. Int., 2011



Yearly incidence of through 6
years: long-term group

MPlacebo ™ Denosumab

227 FREEDOM EXTENSION

3.1%
3.0 2.9%
25 2. 2.5%

21% 2.2%

20-
15 1-4% e 1.3%
10
05
00 75 83 73 22 26 24

116 103
N 3906 3902 3688 3682 3454 3487 2343 2243 2066

1 2 3 4 5 6

Non-vertebral fractures confirmed by X-Ray Years of Treatment Exposure
n = number of subjects with 2 1 fracture

N = number of randomized subjects who remained on study at the beginning of each period

*Percentages for nonvertebral fractures are Kaplan-Meier estimates

Data on file, Amgen.

Yearly Incidence of
Nonvertebral Fractures

6%
98

Papapoulos S. et al., JBMR, 2012



Different drugs and conditions on the components of bone

Young Adult Female

Untreated PMO

Anti-Catabolic Drugs

Anabolic Drugs

(positive remodelling) \Shttahes

Anabolic Drugs

(renewed modelling)

remodelling
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Riggs B.L. & Parfitt M.A., J.B.M.R., 2005
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Effect of rhPTH (1-34) on the Risk of New
Vertebral Fractures

*p <0.001 vs. Placebo
RR 0.31 (95% Cl, 0.19 to 0.50)*

'RR 0.35 (95% Cl,

= 0.22 to 0.55)*

v 0% ' ' -14

ol -12

c |

.‘g 25% -10 g

U -

= ST 65% | i 2 >

S oV  69%¢ ?_

5 75% - 4%
— 2 \°

/)] 12)

oY 100%- - 0

Placebo  rhPTH20 rhPTH 40
(n=448) (n=444) (n=434)

No. of women who had > 1 fracture

Neer R. et al., N.E.J.M., 2001




Effect of rhPTH (1-34) on the Risk of Nonvertebral
Fragility Fractures (time to first fracture)

*p <0.05 vs. Placebo

Placebo

*rhPTH 20
*rhPTH 40

% of Women*

0 | | | | | | | | | |
0 2 4 6 8 10 12 14 16 18 20

Months since randomization

* Percent of women who had one or more
nonvertebral fragility fractures during the study

Neer R. et al., N.E.J.M., 2001




Strontium ranelate: the spinal osteoporosis therapeutic
intervention (SOTI) study

S
(=)
J

B Placebo I Strontium ranelate
p<0.001

w
3
|

w
(=)
|

N
(S}
|

p<0.001

- -
o (4]
| |

Probability of vertebral fracture
(%)
o S
| |

(=)

Months

Meunier P.J. et al., N.E.J.M., 2004



Agents for the prevention of hip fractures compared against placebo
(Comparative Effectiveness and Network Meta-Analysis

Teriparatide
Alendronate
Risedronate
Ibandronate
Denosumab
Zoledronate
Vitamin D + Calcium
Raloxifene

Vitamin D

Calcium

Odds Lower Upper

ratio
0.42

0.45
0.48
0.49
0.50
0.50
0.81
0.87
1.13
1.14

limit
0.10
0.27
0.31
0.20
0.27
0.34
0.68
0.63
0.95
0.82

Odds ratio and 95% CI

limit P-Value
1.82 0.24
0.68 0.00
0.66 0.00
1.82 0.1
0.88 0.03
0.73  0.00
0.96 0.02
1.22  0.41
1.34  0.18
1.59 0.44
0.1 0.2

Favors treatment

0.5 2
Favors control

Murad M.H. et al., JCEM, 2012



Therapeutic Management of
Postmenopausal Osteoporosis

During Past Vasomotor Symptoms After Fracture
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Treatment discontinuation
following hip fracture

0.8 0.7
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Carnevale V. et al., Osteoporos. Int., 2006



