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A Healthy Skeleton Requires a Balance of 

Bone Resorption and Bone Formation  

Baron R. Primer on the Metabolic Bone Diseases and Disorders of Mineral Metabolism. 5th ed. 2003:1-8. 

Bringhurst FR, et al. Harrison’s Principles of Internal Medicine. 16th ed. 2005:2238-2249. 

Lindsay R, et al. Treatment of the Postmenopausal Woman: Basic and Clinical Aspects. 2nd ed. 1999:305-314. 

Formation: 3 months 

Resorption: 10 days 

Basic multicellular units (BMUs)  



Fisiologia e fisiopatologia del metabolismo osseo 

Riassorbimento Formazione 

NORMALE 
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Fisiologia e fisiopatologia del metabolismo osseo 

Riassorbimento 

Formazione 

OSTEOPOROSI 

http://www.disabili.com/photo/Muraro.jpg


OPG: osteoprotegerin 

Boyle WJ, et al. Nature 2003;423:337-342. Kostenuik PJ, et al. Curr Pharm Des 2001;7:613-635. 
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Boyle WJ, et al. Nature 2003;423:337-342. Eghbali-Fatourechi G, et al. J Clin Invest 2003;111:1221-1230. 



Inhibition of RANK Ligand  
Therapeutic Option in osteoporosis 

RANKL 
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CFU-GM Pre-fusion 

Osteoclast 

CFU-GM = colony forming unit granulocyte-macrophage; M-CSF = macrophage colony stimulating factor.  
Boyle WJ, et al. Nature 2003;423:337-342. 
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Proprietà farmacologiche di denosumab 

 Anticorpo monoclonale completamente 
umano – isotipo IgG2 

 Elevata affinità per il RANK Ligando 
umano 

 Elevata specificità per il RANK Ligando 

– Legame con TNF-α, TNF-β, TRAIL, o CD40L 
non rilevabile 

 Ad oggi non è stata osservata la 
formazione di anticorpi neutralizzanti nel 
corso degli studi clinici 

Ig = immunoglobuline; TNF = tumor necrosis factor; 
TRAIL = TNF-α–related apoptosis-inducing ligand. 

Bekker PJ, et al. J Bone Miner Res. 2004;19:1059-1066. 

Elliott R, et al. Osteoporos Int. 2007;18:S54. Abstract P149. 

McClung MR, et al. N Engl J Med. 2006;354:821-831.  

Struttura di denosumab 



Q6M = once every 6 months; CTX-I = type I C-telopeptide; BMD = bone mineral density; DXA = dual-energy x-ray absorptiometry 

McClung MR, et al. N Engl J Med. 2006;23:821-831. 

Peterson MC, et al. J Bone Miner Res. 2005;20(suppl 1):S293. Abstract SU446 and poster. 

Pharmacokinetic and Pharmacodynamic  
Properties of Denosumab: 

a Dynamic Profile 

The pharmacokinetic and pharmacodynamic properties of denosumab support 

the 60 mg SC Q6M dosing regimen 
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Effective Treatment Is Based on Efficacy, 
Safety/Tolerability and Adherence 

Effective Treatment 

Efficacy Safety/Tolerability + Adherence + 

The capacity for 

beneficial change, 

or therapeutic 

effect of a given 

intervention 

Defined as freedom from 

undesirable side-

effects/adverse events, 

and decrease in 

susceptibility to the 

effects of a medication 

resulting from continued 

administration  

Reflects a 

combination of 

behaviours 

determining the 

extent to which 

patients take 

medications as 

prescribed 

Payer J, et al. Biomed Pharmacother 2007;61:191-193. 



: 

End-points 

Ipertensione o  
colesterolo 

BMD o  
marker turnover 

Schuit S. C. E. et al.: Bone 34:195–202, 2004 

Fracture incidence and association with bone mineral density in elderly 

men and women: the Rotterdam Study  MEN WOMEN 

FRATTURA IMA = : 



RR = 61% 

P < 0.001 

The Effect of Denosumab on  
New Vertebral Fractures At Month 12, 24, and 36 

Phase 3: The FREEDOM Trial  
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) RR = 71% 

P < 0.0001 

RR = 68% 

P < 0.001 

Intent-to-treat, last observation carried forward analysis 

Cummings SR, et al. N Engl J Med. 2009;361:756-765. 

Post-menopausal 

Osteoporosis  



The Effect of Denosumab on Fracture Risks at  
36 Months 

Phase 3: The FREEDOM Trial  

RR = risk reduction 

Cummings SR, et al. N Engl J Med. 2009;361:756-765. 
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 International, multicenter, open-label, single-arm study 

Key Inclusion Criteria: 

 Completed the Pivotal Phase 3 Fracture Trial (completed their 3-year visit, did not discontinue 

investigational product, and did not miss more than 1 dose). 

 Not receiving any other osteoporosis medications. 

Study Design 
The Pivotal Phase 3 Study – Extension 

Pivotal Phase 3 Fracture Trial Extension Study 

1 2 3 Year 0 5 6 7 4 8 9 10 

1 2 3 0 5 6 7 4 Year 
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Denosumab 60 mg 
SC Q6M 

(N = 3,902) 

Placebo 
SC Q6M 

(N = 3,906) 

Continued 

Denosumab 

Treatment 

Cross-over 

Denosumab 

Treatment 

Denosumab 60 mg 
SC Q6M 

(N = 2,343) 

Denosumab 60 mg 
SC Q6M 

(N = 2,207) 

Calcium and Vitamin D 

SC = subcutaneous; Q6M = once every six months 

Adapted from Brown JP, et al. Presented at: American College of Rheumatology Annual Scientific Meeting; November 8, 2011; Chicago, IL. 

Bone et al. JCEM 2013 – published online  

Post-menopausal 

Osteoporosis  
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The Pivotal Phase 3 Study – Extension 
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Extension). 
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 Fracture incidence was not evaluated as an efficacy endpoint in the extension study 

Pivotal Phase 3 Fracture Trial Extension Study 

Placebo Continued Denosumab Cross-over Denosumab 

18 98 35 107 24 82 n 32 58 23 34 

1,610 3,186 3,247 3,400 3,453 3,691 N 3,702 2,101 1,509 1,980 

Adapted from Bone H G et al. JCEM 2013;98:4483-4492 

Post-menopausal 

Osteoporosis  



Post-menopausal 

Osteoporosis  



Denosumab Re-treatment and Changes in  
Lumbar Spine and Total Hip BMD 

Adapted from: Miller PD, et al. Bone. 2008;43:222-229. 

Lumbar Spine Total Hip 

P
e
rc

e
n

t 
C

h
a
n

g
e

 

(L
S

 M
e
a
n

 ±
 S

E
) 

Months 

-6 

-4 

-2 

0 

2 

4 

6 

8 

Months 

0 6 12 18 24 36 48 
-4 

-2 

0 

2 

4 

6 

8 

10 

12 

14 

0 6 12 18 24 36 48 

Re-treatment 

60 mg Q6M 

Discontinued 

Treatment 

Re-treatment 

60 mg Q6M 

Discontinued 

Treatment 

Placebo 

30 mg Q3M 

P
e
rc

e
n

t 
C

h
a
n

g
e

 

(L
S

 M
e
a
n

 ±
 S

E
) 

Post-menopausal 

Osteoporosis  



SC Denosumab (n = 679) Placebo (n = 673) 

Smith MR, Egerdie B, Toriz NH, et al. N Engl J Med. 2009;361:745-755.  

Copyright © 2009 Massachusetts Medical Society. All rights reserved.   
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Effective Treatment Is Based on Efficacy, 
Safety/Tolerability and Adherence 

Effective Treatment 

Efficacy Safety/Tolerability + Adherence + 

The capacity for 

beneficial change, 

or therapeutic 

effect of a given 

intervention 

Defined as freedom from 

undesirable side-

effects/adverse events, 

and decrease in 

susceptibility to the 

effects of a medication 

resulting from continued 

administration  

Reflects a 

combination of 

behaviours 

determining the 

extent to which 

patients take 

medications as 

prescribed 

Payer J, et al. Biomed Pharmacother 2007;61:191-193. 



Do not copy or distribute. 

Adverse Events Over 36 Months  
Phase 3: The FREEDOM Trial  

Adverse events, n (%) 

 

Placebo 

(n = 3,876)  

Denosumab  

60 mg Q6M 

(n = 3,886) P value 

All adverse events 3,607 (93.1) 3,605 (92.8) 0.91 

Serious adverse events 972 (25.1) 1,004 (25.8) 0.61 

Deaths 90 (2.3) 70 (1.8) 0.08 

AEs leading to study discontinuation 81 (2.1) 93 (2.4) 0.39 

AEs leading to discontinuing the study drug 202 (5.2) 192 (4.9) 0.55 

AEs = adverse events 

Adapted from: Cummings SR, et al. N Engl J Med. 2009;361:756-765. 



Do not copy or distribute. 

Adverse Events Over 36 Months (continued)  
Phase 3: The FREEDOM Trial  

Adverse events, n (%) 

 
Placebo 

(n = 3,876)  

Denosumab 
60 mg Q6M 
(n = 3,886) 

Adverse events 

Infection 2,108 (54.4) 2,055 (52.9) 

Malignancy 166 (4.3) 187 (4.8) 

Injection site reaction 26 (0.7) 33 (0.8) 

Hypocalcemia 3 (0.1) 0 (0) 

Delayed fracture healing 4 (0.1) 2 (0.05) 

Femoral shaft fracture 3 (0.1) 0 (0) 

Humerus nonunion fracture 1 (0.03) 0 (0) 

Osteonecrosis of the jaw 0 (0) 0 (0) 

Adverse events occurring with  2% incidence and P  0.05 

Eczema 65 (1.7) 118 (3.0) 

Fall* 219 (5.7) 175 (4.5) 

Flatulence 53 (1.4) 84 (2.2) 

*Excludes falls occurring on the same day as a fracture 

Adapted from: Cummings SR, et al. N Engl J Med. 2009;361:756-765. 



Do not copy or distribute. 

Adverse Events Over 36 Months (continued)  
Phase 3: The FREEDOM Trial  

Adverse events, n (%) 

 

Placebo 

(n = 3,876)  

Denosumab  

60 mg Q6M 

(n = 3,886) P value 

Serious adverse events 

    Malignancy  125 (3.2) 144 (3.7) 0.28 

    Infection 133 (3.4) 159 (4.1) 0.14 

    Cardiovascular events 178 (4.6) 186 (4.8) 0.74 

        Stroke 54 (1.4) 56 (1.4) 0.89 

        Coronary heart disease 39 (1.0) 47 (1.2) 0.41 

        Peripheral vascular disease 30 (0.8) 31 (0.8) 0.93 

        Atrial fibrillation 29 (0.7) 29 (0.7) 0.98 

Serious adverse events occurring with  0.1% incidence and P  0.01 

    Cellulitis (includes erysipelas) 1 (< 0.1) 12 (0.3) 0.002 

    Concussion 11 (0.3) 1 (< 0.1) 0.004 

Adapted from: Cummings SR, et al. N Engl J Med. 2009;361:756-765. 



Effective Treatment Is Based on Efficacy, 
Safety/Tolerability and Adherence 

Effective Treatment 

Efficacy Safety/Tolerability + Adherence + 

The capacity for 

beneficial change, 

or therapeutic 

effect of a given 

intervention 

Defined as freedom from 

undesirable side-

effects/adverse events, 

and decrease in 

susceptibility to the 

effects of a medication 

resulting from continued 

administration  

Reflects a 

combination of 

behaviours 

determining the 

extent to which 

patients take 

medications as 

prescribed 

Payer J, et al. Biomed Pharmacother 2007;61:191-193. 



Kendler DL et al. Osteoporos Int 2011; 22: 1725-1735 

Freemantle N et al. Osteoporos Int 2011;22 (suppl 1):S98 

Precoce riduzione dell’aderenza al trattamento  
con alendronato rispetto a denosumab 

Alendronato (N = 124) 

Denosumab (N = 126) 
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modalità di prescrizione  



CONCLUSIONI  
………………….. 
Sulla base delle considerazioni sopra riportate, la CRF conferma l’inserimento in PTR di denosumab per 
l’impiego in donne in postmenopausa che rispondano ai seguenti requisiti:  
1. pregresse fratture osteoporotiche vertebrali o di femore oppure  
2. alto rischio di fratture (T‐score < –4 oppure T‐score <‐3 con uno dei seguenti fattori di rischio: storia 
familiare di fratture vertebrali e/o di femore, artrite reumatoide e altre connettiviti, pregressa frattura 
osteoporotica al polso, menopausa prima dei 45 anni di età, terapia cortisonica cronica);  
 
e che non abbiano risposto a un precedente trattamento con gli altri farmaci della Nota 79 o che non li 
abbiano tollerati.  
 
La CRF ritiene che la prescrizione del denosumab debba essere riservata ai centri di medicina interna, 
reumatologia ed endocrinologia individuati dalla Regione Emilia‐Romagna e ne vincola l’erogazione 
esclusivamente alla distribuzione diretta. 
La prescrizione dovrà avvenire compilando il registro di monitoraggio AIFA.  

http://www.saluter.it/documentazione/ptr/elaborati/165_denosumab_2013.pdf/view?searchterm=prolia 
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