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H €e€€AMEn otn BepameUTIKN TNG OCTEOTMOPWONG:

H avaoctoAn tou RANKL

HpakAng Kpntikog

ApaAia PantomouAou

PsuuatoAoyikn kAwvikn MAFNH
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Pro’s and Con’s of Available Osteoporosis Therapies

Agent Pro’s Con’s

Calcium/Vit D Cheap, accessible Partial efficacy

HRT Effective Toreast Ca, TDVT, TMI, TCVA
Raloxifene  vert Fx, | breast Ca Less effect on BMD

Bisphosphonates
Strontium

Teriparatide

4 vert and nonvert #
Bulky, daily dosing

Effective

Gl intolerance - iCr clearance - | adherence
? Mechanism

Expensive, daily injections
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MNari véa @AappaKa yia TRV OCTEOTTOPWON;

* ATOTEAEGUOTIKOTNTO!
e Acpareln

* ZVUHOpGOON
e XoUnAoO KOGTOC
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MeAéTn TnG TTaBoyévelag Tng Ol
OoTtikn avakataokKeun - Baolkn moAukuttapikn povada
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O RANK Ligand gtmrdayel Tov oXnMATIOHO, TN AsiITOUupyia
KOl TNV EMTIRIWOT TWV OCTEOKAACTWYV

CFU-M Pre-Fusion 0 RANKL
Osteoclast

L= @

Multinucleated
Osteoclast

Hormones Q [ &)
Growth factors S
Cytokines

Activated

Osteoblasts Osteoclast

Bone Formation

Adapted from Boyle WJ, et al. Nature. 2003;423:337-342.
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H OPG givail utrodoxéag-trapatrAdvnong mmou eutrodidel Tn ouvoeon
Tou RANK Ligand otov RANK

CFUM Pre-Fusion 0 RANKL

Osteoclast
G \$/ RANK
) / 0PG

Hormones
Growth factors
Cytokines

Osteoclast Formation, Function,

and Survival Inhibited

Osteoblasts

Bone Resorption Inhibited

Bone Formation

Adapted from Boyle WJ, et al. Nature. 2003;423:337-342.
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Otav o RANK Ligand utreptepei Tng OPG, n oo TIKI atroppo@non
MTTOPEiI VA KATAOTEI UTTEPBOAIKH 0ONYWVTAG O£ OOTEOTIOPWON

CFU-M Pre-Fusion 0 -
Osteoclast
\4/ RANK
Multinucleated / OPG
Osteoclast

Hormones
Growth factors
Cytokines

Activated
Osteoclast

Osteoblasts

Bone Formation

Adapted from Boyle WJ, et al. Nature. 2003;423:337-342.



OPG Knock-out mice: Severe osteoporosis
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To Denosumab gival To TTPWTO TTARPWGS AVOPWITIVO NMOVOKAWVIKO
avtiowpua TTou otoxeuel Tov RANK Ligand

1997

Fc-OPG OPG-Fc RANK-Fc Denosumab

AYAR\

‘ MARpPWS avlpwITIvo
MpwrTeiveg auvTngng MOVOKAWVIKO
avTiowua

i
"-;

Fc B RANK m OPG

OPG = oaTeompoTeyEpivI.
Simonet WS, et al. Cell. 1997,89:309-319.
Data on file, Amgen.
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Denosumab

YwnAn €101koTnTa yia tov RANK-L

— Kauia avixveuaoiun ouvoeon UE
TNF-a, TNF-B, TRAI-L i CD40-L

Mipeital Tnv OPG
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To Denosumab guvdeetal pe Tov RANK Ligand kai avaaTeAAE!
TO OXNUATIONO, TN AEITOUPYIa Kal TNV ETTIRIWON TWV OOTEOKAQOTWV

CFU-GM . ke
OGTEOKAqotng \f RANK
TPLV TN ouvinén -
‘ OPG
@ ‘ ’ \ +»  Denosumab
Opuoveg © ‘
Augntikoi Napdyovtee ©, 2 Q |
Kuttokiveg 0 R
‘T‘ i AvaoTOoAr TOU OXNUATITHOU, TNG AEITOoUpYiag
P Kal TNG ETMIRIWONG TWV 0OTEOKAATTWYV

®

E g | g OoteoBAAoTEG

OGCTIKOG IXNUATICGHOG

AvaoctoAn OcTIKNG
Amoppognong
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PapHakoAoyIKEG 10160TNTEG TOU Denosumab

e 2NMAVTIKA MEIWON TWV OEIKTWV OCTIKNG EVAOAAAYNG
— g€ o1aoTnua 12 Ewg 72 wpwv
— N OTToia JIATNPEITAI EWC KAl 6 JAVEC

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

Jang G, et al. J Bone Miner Res. 2006,21(suppl! 1).S190. Abstract SA403 and poster.
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.



00O A 00 R0 00 AL 0 0 O L0000 L 0 00 e O SR I REL P S AL O 0 O L O

Nati Denosumab;

« Eival amroteAeopaTIKO;

» Eival aoc@aA&g;

e Eival eUKoAO OoTNn X0PNYNON;
« Eivai cost-effective;
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Nati Denosumab;

Eival atroTeEAECHATIKO;

— BMD
— AEIKTEC OOTIKNG EVAAAQYNC

— Mpo@UAain amrdé KatayuaTa

Eival aocpaAécg;
Eivai eUKoAo oTn xopnynon,
Eivai cost-effective;

2UYKPION ME
« Placebo
« Bisphosphonates

METEUPNVOTTAUCIOKEG YUVAIKEC
T-score < —-2.0 ka1 =2 —-4.0
(OM22 n) 10¥io)




the DEFEND Study, 2008
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Agdopéva yia Tnv emidpaocn Tou Denosumab oTnv 0CTIKNA
TTUKVOTNTA O OUYKpIon ME placebo: n peAérn Defend

Effects of Denosumab on Bone Mineral Density and

Bone Turnover in Postmenopausal Women Zereaned
(4 Clin Endocrinol Metab 93: 2149-2157, 2008) [n - EEE:

Hanry G. Bone, Michael A. Bolognesa, Chui Kin Yuen, David L. Kendler, Huai Wang, ¥u Liu, and

Javier San Martin

Ineligiblke or did not
¥ wish te continue

y (n= 363)
Randomized to
treatment
(n=332)
|
k F
Did not L_ Did not
receive study Placebo Dencsumalk receive study
medication in = 166) in = 166) medication
n=1) n=2)
Discontinued  [* ¥  Discontinued
study (n=22) study (n= 24)
Consent Consent
withdrawn [n =15 withdrawn {n=10)
Lost to follow up 3 k J Lost to follow up
(n=5) Completed Completed n=T7)
AE (n=2) 24 months 24 months AE (n=1)
Other (n=0) (n=144) (n=142) Other (n = &)

FIG. 1. Disposition of all subjects. In the denosumak group, 142 women completed the 24-month study; in the placebo group, 144 women completed the
24-month study. AE, Adverse events.
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Decide / Stand Studies, 2008-9
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Agdopéva yia Tnv emTidpaon Tou Denosumab oTnV OCTIKN
TTUKVOTNTA O0€ oUYKpion ME TNV AAevopovaTtn (ALN)

H MeAétn DECIDE H MeAétn STAND

Determining Efficacy: Comparison of Study of Transitioning from
Denosumab vs. AlEndronate AleNdronate to Denosumab



Decide / Stand Studies, 2008-9

.

MeA€teg Decide / Stand

DECIDE!? Multi-center, randomized, double-blind, active-

METEUPNVOTTAUCIOKEG YUVAIKES TTOU
¢ Aduavav aywyn yia
ooTeoTTOpwon (1.200)

T-score <-2.0 (OMZZ 1 10¥i0)

STAND?

METEUPNVOTTAUCIOKEG YUVAIKES TTOU
AdupBavav ahevdpovarn 70mg/
gBOoNAda yia = 6 uves (480)

S
C
R
E
E
\
I
\
G

T-score <—-2.0 ka1 =2 -4.0 (OMZX R4
|0XiO)

Z0—4—4>»N—-—<00Z2>2T

Brown JP et al. JBMR (2009) 24: 153-161 14
Kendler DL et al. JIBMR (2008) Vol. 23; Suppl.: S473

controlled, double-dummy, parallel studies

Denosumab 60 mg SC injection Q6M
Placebo Oral Tablet QW

Daily Calcium and Vitamin D
>

12 Months

Placebo SC injection Q6M
Alendronate 70 mg Oral Tablet QW
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T
R
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A
T
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Decide / Stand Studies, 2008-9
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MeyaAuUTepn au¢non TNG OO TIKNG TTUKVOTNTAG O€ OAQ TA OKEAETIKA ONMUEIA

Patients naive to ALN Patients previously treated with ALN
[a]
=
m [ Alendronate
c
— ,_\6 % Alendronate 70 mg QW () 1.18%* | = 1.05%t
\o = c . ()
S O Denosumab 60 mg Q6M =
L (5]
£ 35 ekl 9
= o @, _
D — oft
0 - ]
g 8 0% b E
g 34 g 0.85%*
il m i 2 ] ]
()
0.99%"
g g—a 0>+ % o
gn | | S
< =
o8 9'2 | 0.73%5
= 3 73%
g _|2 Oh** %
o 2 f o
[) S
()
o 1
l | n- ﬂ
0 Total Hi Lumbar Spine Trochanter  Femoral Neck r 1/3 g : ' :
*P < 0.0001 P P Radius Total Hip Lumbar Spine  Femoral Neck  Trochanter Distal_ 1/3
**P =0.0002 *p < 0.0001 tp = 0.0003c*p = 0.0012 Sp = Radius
0.0121

The overall incidence of serious and treatment-related adverse events was
balanced between both treatment groups



Decide / Stand Studies, 2008-9

% METABOAN atTd TNV évapén
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*P < 0,05.
P < 0,0001.
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Kendler DL, et al. J Bone Miner Res. 2008;23(suppl 1):S473.



Decide / Stand Studies, 2008-9

| Eniﬁpdorj ™NG Bapaﬁeiag oTodg ‘5éiKT£§ OOTIKAG e'va)\)\ayﬁgl:
H MeAérn DECIDE

sCTx-1

20

B Alevdpovarn 70 mg QW
[l Denosumab 60 mg Q6M

Méon (Q1, Q3) petaBoAn amré Tnv évapén (%)

01 3 6 9 12
Mnivag MeAETNG

*P < 0,0001.
lMpooapuoyn aré Brown JP, et al. J Bone Miner Res. 2009;24:153-161.



the Freedom trial
NEJM, 2009

"Aedopéva yia' Tnv emmidpaon Tou' Denosumab otnv mpoAnyn' '
OO TOTTOPWTIKWYV KATAYMATWY OE OUYKPIoN ME placebo: n MEAETN
Freedom

Denosumab for Prevention of Fractures in
Postmenopausal Women with Osteoporosis

Steven R. Cummings, M.D., Javier San Martin, M.D., Michael R. McClung, M.D.,
Ethel S. Siris, M.D., Richard Eastell, M.D., lan R. Reid, M.D.,

Pierre Delmas, M.D., Ph.D., Holly B. Zoog, Ph.D., Matt Austin, M.S.,
Andrea Wang, M.A., Stepan Kutilek, M.D., Silvano Adami, M.D., Ph.D.,
Jose Zanchetta, M.D., Cesar Libanati, M.D., Suresh Siddhanti, Ph.D.,

and Claus Christiansen, M.D., for the FREEDOM Trial*

N Engl ] Med 2009;361:756-65.



the Freedom trial
NEJM, 2009
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2XeOI100MO0G MEeAETN

PR B T

NMANBUOPOG TNG MEAETNG
"7,868 METEUMNVOTTOAUCIOKEG
YUVAIKEG
=T-score < -2.5 oe OMZZ ) 10xio
Kal Oxl < -4

KUp10 KATOANKTIKO OnlEio
sNEéa oTTOVOUAIKA KaTayuaTta
0TOUG 36 PAVES

AgutepelovVTa KATOANKTIKA ONMEia
= XPOVOG £WG
TO TTPWTO UN-OTTOVOUAIKO KATAYUO
TO TTPWTO KATAYUA I0XiOU

Cummings SR, et al. N Engl J Med. 2009 Aug 20;361(8):756-65
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the Freedom trial
NEJM, 2009
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| th&vﬂxﬁ olagpopd oTNn peiwon‘ TOU KIVSUVOU KaTaypdva‘
oToug 36 pnveg, o oxéon Mg placebo

20%

P=0.01
68% Placebo

8% - P < 0.001 M Denosumab
=

9% -
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6% -
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1% -

EmiTrrwon kataypdrwy oto piva 36 (%)

0% +

2TTOVOUAIKA Mn-otrovOuAika loxio

Cummings SR, et al. N Engl J Med. 2009 Aug 20;361(8):756-65



the Freedom trial

NEJM, 2009
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P <0.001
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Cummings SR, et al. N Engl J Med. 2009 Aug 20;361(8):756-65



the Freedom trial
NEJM, 2009

MetaBoAn (%) TNG 0CTIKNG TUKVOTNTAG O€ 36 PNVEG

% MeTABOAN OOCTIKNG TTUKVOTNTAG
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Cummings SR, et al. N Engl J Med. 2009 Aug 20;361(8):756-65



the Freedom trial
NEJM, 2009
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Cummings SR, et al. N Engl J Med. 2009 Aug 20;361(8):756-65
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Nati Denosumab;

Eival atroTeAECUATIKO;
Eival ac@aAég;

Eival eUKoAo oTn Xxoprynon;
Eival cost-effective;



the Freedom trial
NEJM, 2009
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AvVEmMOUUNTECG EVEPYELEC KATA TN OIAPKELA 36 PNVWYV

Placebo, (%) Denosumab (%)

AvemOUUNTEG EVEPYELEG (n = 3,876) (1 = 3,886) P value
2UVoAo avemOuuNTwy
, 3,607 (93.1) 3,605 (92.8) 0.91
EVEPYEIWYV
2oBapEg avemOuUunTe
) - i 972 (25.1) 1,004 (25.8) 0.61
EVEPYEIEC
©dvarol 90 (2.3) 70 (1.8) 0.08
AE mou odriynoav o€
, , , 81 (2.1) 93 (2.4) 0.39
amoxwpnon amo th HEAETN
AE mou odriynoav o€ 01aKoTN
202 (5.2) 192 (4.9) 0.55

TOU (pAPHAKOU TNG HEAETNG

Cummings SR, et al. N Engl J Med. 2009 Aug 20;361(8):756-65
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Nati Denosumab;

* Eival atroTeEAEOUATIKO;

* Eival aoc@aAcc;

 Eival eUKOAO oTNn Xopnynon;
* Eival cost-effective;
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PapuaKOAOYIKEG 1010TNTEG TOU Denosumab

e Xopnynon péow utrodoplag (SC) Eéveong Kade 6 prveg
— MEoog Xpovog nuioeiag (wNg 26 NUEPES

o Xoprynon avegapTnTa atmrd Tn VEPPIKL AEIToupyia

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

Jang G, et al. J Bone Miner Res. 2006,21(suppl 1):S190. Abstract SA403 and poster.
MecClung 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.
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2ZUUTTEPACHATO
 To Denosumab au¢avel onuavTtika tn BMD

* Melwvel onUAvTIKA TO GUVOAIKO KivOUVO VEWV KATAYUATWY
— OTTOVOUAWV, I0Xiou, un OTTOVOUAIKWY KATAYUATWYV

« Eival ao@aA£g
« Eival eUkoAo o1n xoprynon

 KOOTOGC OGUYKPIOIYO PE TWV DIPWTPWVIKWV






