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Denosumab

28/5/2010 EMA - 16/9/2011 FDA

SC injection kKaBe 6 urveg

Full Human monoclonal IgG2 antibody produced in a mammalian cell
line (CHO) by recombinant DNA technology : avactoAéac RANKL

()G pOVOKAWVIKO avTiowpa, To denosumab

— eAaxIoTa XPNOIUOTIOIEI TOV NTTATIKO UETABOAIOUO YIa TNV
KGBapon
_Agv atroBaAAeTal atrd TOUG VEPPOUGS




PapPHAKOKIVNTIKEG & POAPMAKOOUVAMIKEG IDIOTNTEG
Denosumab

o KABQpPON yiveTal KUPIWG UE
_1gG clearance processes (KUKAO® @ayoKUTTAPIKA K) O
_ Méow €10Ikric ouvdeoncg ue Tov 0toxo, RANKL (avOCOOUNTIAEYHQO)

Kapia ouvdeon ue TNFa, TNFB, TRAIL, 3 CD40L
Aev avixveubnkav £EOUDETEPWTIKA AVTIOWMATA OTIG KAIVIKEC MEAETEG

MeEyioTec ouykevTpwaoelg oTiC (Cmax) 10 nuépeg (range 2-28 days)

o XpoOvog¢ nuioelag (wnc : 26 days (range 6-52 days)
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ARTICLE A Correction Has Been Published

Denosumab for Prevention of Fractures in Postmenopausal
Women with Osteoporosis

Abstract Article References Citing Articles (676)

N Engl J Med 2009; 361:756-765August 20, 2009DOI: 10.1056/NEJM0a0809493
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XapaKTNPIOTIKG 6oBEVV

Correction Has Besn P
Denosumab for Prevention of Fractures in Postmenopausal
Women with Osteoporosis

Denosumab
Placebo 60 mg Q6M

(n = 3906) (n = 3902)

Mean age, years (SD) 72.3 (5.2)

72.3 (5.2)

Mean body mass index (SD) 26.0 (4.2) 26.0 (4.1)

Mean 25 (OH) vitamin D level, ng/mL (SD)* 22.9 (11.3) 23.1(11.7)

Mean lumbar spine T-score (SD) —2.84 (0.69) -2.82 (0.70)

Mean total hip T-score (SD) -1.91(0.81) -1.89(0.81)

Mean femoral neck T-score (SD) -2.17 (0.71) -2.15(0.72)

Prevalent vertebral fracture, n (%) 915 (23.4) 929 (23.8)
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y
Study Month Study population

6 12 24 » 7808 postmenopausal women
‘ l' lv *  T-score <-2.5 at the lumbar

spine or total hip and
not < —4.0 at either site
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R Denosumab Exclusion any severe or > 2
A 60 mg SC Q6M E moderate vertebral fractures
N N

o n = 3902 o Primary endpoint

o Calcium and vitamin D P * New vertebral fracture over

- 36 months

A S

T i Secondary endpoints

cl> 3 * Non-vertebral fracture

N « Hip fracture

International, placebo-controlled study




Denosumab : onuavTIKA HEIWOT CXETIKOU KIVOUVOU
KOTOYMATWY OTOUG 36 MAVEG

9% - RRR = 68% RRR = 20% " Placebo
p <0.001 p=0.01 B Denosumab
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Meiwon KIvOUVOU KATAYMOTOG ICXIOU O€ ACOEVEIG
uynAou Kivdouvou

- [ Placebo Pre-specified analysis Post-hoc analysis
B Denosumab 45% of trial pop (n = 3513) 36% of trial pop 32% of trial pop
High risk criteria (n=2790) (n = 2471)
> 2 of the following: High nisk criterion High risk criterion
Age > 70 years femoral neck BMD > 75 years
BMD T-score* < -3.0 T-score £-2.5
Prevalent vert. fracture
RRR = 47%
p=0.023
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Boonen S, et al. J Bone Miner Res 2009;24(Suppl 1). Abstract A09001311 and oral presentation at ASBMR
Boonen S, et al. J Clin Endocrinol Metab 2011;96:1727-1736




Meiwon KATAOypOTIKOU KIVOUVOU
AVESAPTNTWS TNG NAIKIOG

"' Placebo M Denosumab
-8~ Vertebral Fractures -@- Hip Fractures
10 - :""‘"“"""' ) 0‘923 l:lnteracnon - 23?1:
RR = 70% RR=64% , RR = 6% RR = 62%
9 p < 0.001 p <0.001 ,;' p=0.8490 p = 0.0065

Incidence at Month 36 (%)

&
]

5
8

X
3

60to 74years T75to90years 60to 74 years 75 to 90 years

JeeA 1ed uewom goo‘gl 1ed
eduepioul uonejndod jeieues)

\

; McClung et al. JBMR 2012;27: 211-218;

Boonen S et al J Clin Endocrinol Metab. 2011 Jun;96(6):1727-1736 ; Prolia@ Summary of Product Characteristics, Amgen 2012




Au¢non BMD kepkida (36 m)

~— Placebo (N = 209) ~®— Denosumab (N = 232)
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Simon J et al. JBMR 2011;26 (Suppl. 1); S20:A1062




Augnon BMD & BMC - kepkida
(QCT /36m)

© Placebo m Denosumab

8- BMD 5.9%" t

32% ¢
1.9% T

Percent Change From Baseline
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Simon J et al. JBMR 2011;26 (Suppl. 1); S20:A1062




FREEDOM study’

N =7808

R
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s N
c D
R o)
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|N ZA Denosumab
N T 60 mg SC Q6M
G | N = 3902
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N Calcium and
T """" VitaminD ~°°°° i
Day 1 1 05 1 p)
visit

Study duration (years).~




FREEDOM study’ EXTENSION study? (ongoing)

N =7808 1 2 N = 4550

Denosumab
60 mg SC Q6M

Cross-over
(received placebo in FREEDOM)

Denosumab Denosumab
60 mg SC Q6M 60 mg SC Q6M

Long-term
(received denosumab in FREEDOM)

OZ " Z2mMmmMman v
Z0"=-H>PN"Z00Z>» 232

Calcium and
------- “umlnn -----’l

Day1 1 o5 1 ) 3 4 5 10
Study duration (years)
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Five years of denosumab exposure in women with postmenopausal
osteoporosis: Results from the first two years of the FREEDOM
extension’?

Socrates Papapoulos’’, Roland Chapurlat

2 CesarLibanati®, Maria Luisa Brandi®,

8 Journal of Bone & viiners
5 Edward Czerwiriski® ournal of Bone and Mineral

Jacques P Brow Resosrch
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Eric Vittinghoff'5, Matthew Austin®, Nadia
Daizadeh®, Michelle N Bradl Andreas
Grauer®, StevenR Cummings ™ and Henry
GBone'”

Volume 27, Issue 3, pages
694-701 March 2012

Article first published online: 21 FEB 2012
DOI: 10.1002/bmr.1479
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Papapoulos S et al. J Bone Miner Res 2012;27:694-701




ETNOIAO ETITTTWON PN CTTOVOUAIKWY KATOYMATWYV
ota 5 £tn (long term)

\

FREEDOM study EXTENSION

vt
(3}

31%
2.9%

- Placebo
1.1% " Denosumab

Yearly incidence

e o 2 2 M M
PP N ) B B v B

2 3

Years of treatment exposure
n 116 98 103 75 83 73 32 25
N 3906 3902 3688 3682 3454 3487 2343 2242 Ny

Papapoulos S et al. J Bone Miner Res 2012;27:694-701




ETNOIO ETITTTWON VEWV CTTOVOUAIKWY KATAYMATWYV
(Long-Term Denosumab Group)

3.5

. FREEDOM study __EXTENSION

© Placebo

1.4%
I [ Denosumab

3 4 and 5*

2
Years of treatment exposure
n 82 32 107 24 98 35 59 (2-year total)

W—ﬂﬂ——/

Papapoulos S et al. J Bone Miner Res 2012;27:694-701
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AE
Placebo Denosumab
FREEDOM FREEDOM EXT Long-term | EXT Cross-over
Years 1-3 Years 1-3 Years 4-5 Years 1-2
N = 3883 N = 3879 N =2343 N = 2206
Rate (n) Rate (n) Rate (n) Rate (n)
All AEs 156.1 (3614) 154.3 (3598) 113.2 (1955) 111.4 (1826)
Infections 30.7 (2113) 29.3 (2052) 25.1 (875) 27.4 (886)
Eczema 0.6 (67) 1.1 (119) 1.1(47) 0.9 (39)
Hypocalcemia <0.1(3) 0 <0.1(1) <0.1(5
Serious AEs 10.4 (974) 10.6 (1002) 10.8 (442) 11.1 (428)
Infections 1.3 (134) 1.5 (160) 1.2 (55) 1.5 (63)
gf}:g::}'giz' <0.1(1) 0.1 (12) <0.1(3) <0.1(1)
Fatal AEs 0.8 (90) 0.6 (70) 0.6 (26) 0.8 (32)
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.ONJ: 4 repimrtwoelg extension
study:

.2 0TV Cross-over
. 2 continued denosumab group

- ATUTTA KOTAYMUATA : 2 TTEPIOTATIKA
FREEDOM Extension trial 20060289
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: October 4-7,2013 Battimore, Maryland USA

LB-MO26 Eight Years of Denosumab Treatment in Postmenopausal Women With Osteoporosis: Results
From the First Five Years of the FREEDOM Extension
Socrates Papapoulos*', Kurt Lippuner?, Christian Roux?, Jesse Hall*, David Kendler’, E.
Michael Lewiecki®, Maria Luisa Brandi’, Edward Czerwinski®, Edward Franek®, Péter
Lakatos'’, Carlos Mautalen'', Salvatore Minisola'?, Jean Yves Reginster'?, Soren
Jensen'?, Nadia Daizadeh®, Andrea Wang*, Michelle Geller®, Rachel B. Wagman®, Henry
G. Bone"”. lgcidcxl University Medical Center, The netherlands, chrn_ University Hospital,
Switzerland, *Paris Descartes University, France, “Amgen Inc., USA, *University of British
Columbia, Vancouver, Canada, “New Mexico Clinical Research & Osteoporosis Center,
USA, "University of Florence, Italy, *Krakow Medical Center, Poland, *Central Clinical
Hospital MSWiA, Poland, 'Semmelweis University, Hungary, ''Centro de Osteopatias
Medicas, Argentina, 12Sapienza University, Italy, "*University of Liége, Belgium, '*CCBR,
Denmark, '*Michigan Bone & Mineral Clinic, USA
Disclosures: Socrates Papapoulos, Amgen Inc., Merck & Co., GSK, 7; Merck & Co., Novartis, 99; Amgen
Inc., Merck & Co., GSK, Axsome, Gador, 5
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E¢akoAouBei va au¢avel Tnv BMD

18.5% OM2x
8.2% 0AKO 10¥io

Meiwon Tou KaTayuaTtikou Kivouvou (N

OTTOVOUAIKA KATAyuaTa)
1.98 /100 subject-years ota TpwTa 3 Xpovia

o€ 1.43 tov 4° xp (P = .096)
Kai Trapapovr) ato 1.45 amo tov 4° — 7° (P =

.01)
[Tapda 1O YEYOVOG OTI OI YUVAIKEG OTN MEAETN
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American Society for Bone and Mineral Research 2013 Annual Meeting. Abstract 1017, presented October 5, 2013; Abstract LB-MO26

presented October 7, 2013
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ATTOTEAECHATA TNG ETTEKTAONGS TNS MEAETNS FREEDOM yia Tnv
QATTOTEAECHATIKOTNTA KAl TNV ATQAAEIQ TNC AEVOTOUMANTING. A.
Kapokng, PeupgartoAoyog, (dkarokis@hotmail.com).

Head & Shoulders™
ATTaA0 pe 1a parAia, oxAnpo pe my Tmueidal AvaxaAugTe To >

AtroTeAéopara TG ETTEKTAONS TNG HEAETNG FREEDOM

péyEBOC YPaUPATOTEIPAC

VIO TNV QTTOTEAECHATIKOTATA KAl TNV ACTQAAEIN TNEG AEVOTOUNAHTTNG.
A. Kapokng, PevparoAdyog, (dkarokis@hotmail.com).

Denosumab Treatment of Postmenopausal Women With Osteoporosis for up to 9 Years: Results Through Year 6 of the FREEDOM Extension.
Abstract OC4]
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US Food and Drug Administration does
not

recommend treatment with
bisphosphonate therapy beyond 5 years

to a lack of evidence

on additional fracture-prevention benefits
beyond that period.
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Comparison of the Effect of Denosumab and Alendronate on BMD and
Biochemical Markers of Bone Turnover in Postmenopausal Women With
Low Bone Mass: A Randomized, Blinded, Phase 3 Trial'

Jacques P Brown™*", Richard L Prince?,
Chad Deal®, RobertR Recker®, Douglas P
Kiel®, Luiz H de Gregorio®, Peyman Hadji’
Lorenz C Hofbauer®, Jose M Alvaro-
Gracia®, Huei Wang'®, Matthew Austin™®
Rachel B Wagman''-12
10 Cesar Libanati
and Henry G Bone'®

Journal of Bone and Mineral
Research
Volume 24 Issue 1, pages

Wi 153-161 January 2009
. Richard Newmark : b E-mail Link to this Article

10 Javier San Martin ' ' & $3 Export Citation for this Article

+, Get Citation Alerts

Article first published online: 2 SEP 2008 i & Request Permissions

DOI: 10.1359/jbmr.0809010 . Eﬂ-’ﬂ

(Show All)

TData included in this manuscript were presented in part at the 35th ECTS Congress, May 24-28,
2008, Barcelona, Spain
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Months

Denosumab 60 mg SC injection Q6M
+Placebo Oral Tablet QW

Daily Calcium and Vitamin D
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Percent Change From Baseline in BMD

Least Squares Mean (95% CI)

Au¢non BMD
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1.1%*

Total Lumbar Troch Femoral
Hip Spine

0.6%*

=

13

Neck Radius

—A-Alendronate -@-Denosumab,
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Microarchitectural deterioration of cortical and trabecular bone: Differing
effects of denosumab and alendronate

Ego Seeman'’, Pierre D Delmas? David
AHanley®, Deborah Selimeyer®, Angela M
Cheung®, Elizabeth Shane®, Ann Keamns’

Thierry Thomas®, Steven K Boyd?®

Journal of Bone and Mineral
Research

22 & Volume 25, Issue 8, p:
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Cesar Libanati'' and Jose Zanchetta®

Article first published online: 10 MAR 2010
DOI: 10.1002/jbmr.81
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Multicenter, double-blind, active-controlled study
- 12 months -

Denosumab 60 mg every 6 months (Q6M)
+

Placebo for Alendronate once weekly (QW)

oZm

Randomization 0
111 F
T
R
E
A
T
M
E
N
T
Study population Endpoints
« 247 postmenopausal women * % change from baseline in cortical thickness
+ T-score at the lumbar spine or total hip * % changes in total, cortical, and trabecular vBMD
between -2.0 and -3.0 + Trabecular number, thickness, and separation
- Safety __d
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Cortical Porosity in the Distal Radius

(HRpQCT)

% Change From Baseline
(Means with 95% Cls)
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Effects of denosumab on bone mineral density and bone turnover in
postmenopausal women transitioning from alendronate therapy

In this issue

David L Kendler"’, Christian Roux?
Claude Laurent Benhamou®, Jacques P
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Siddhanti®, Hoi-Shen Man® Javier San ‘
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Au¢non BMD
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Original Research

Denosumab Compared With Ibandronate in Postmenopausal
Women Previously Treated With Bisphosphonate Therapy: A
Randomized Open-Label Trial
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AvetriOuunTteg Evépyeieg

IBavSpovatn  Denosumab

EtriTrtwon, n (%) n =410* n=411*

Omoiladntrore AvemoOuunTn Evépyeia (AE)T 230 (56,1) 245 (59,6)
‘Exklena 2 (0,5) 7(1,7)
Karayuata 13 (3,2) 15 (3,6)
YTtrepeuaiocOnaoia 10 (2,4) 15 (3,6)

2oBapég AE 22 (5,4) 39 (9,5)
NOINWEEIC 6 (1,5) 7 (1,7)
Kakoren vooruata 6 (1,5) 5(1,2)
Kapdiakég Alatapaxeg 3 (0,7) 7 (1,7)
Alatapax€g Tou [aoTPEVTEPIKOU 2UCTANATOG 1(0,2) 7(1,7)
AvaTtrveuoTIKEG AlIOTAPAXES 0 5(1,2)

@dvartol 1(0,2) 0
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AvetmiOuunTteg Evépyeieg

EtriTrTwon, n (%) N = 429*

Otroiadrirrote AvemluunTtn Evépyeia (AE) 293 (68,3) 269 (62,7)
20PBapéc AvetmiBupunTteg Evépyeleg (ZAE) 35 (8,2) 33 (7,7)

AE 1Tou Odnynoav o€ AlIoKoTTA TNG
2UPMETOXNG 0TN MEAETN

Odvarol 1(0,2) 0
EmAeyuéveg ZAE kai 2AE tmou Epgavidovral o€ = 1% og Omoiadrmmore Oudda
Noipwén 5(1,2) 5(1,2)

19 (4,4) 10 (2,3)

EmAeyuéveg AE 1Tou MNMapouaoialouv Evdiagépov
‘Eklepa 5(1,2) 4 (0,9)
KéTaypa 17 (4,0) 23 (5,4)
YT1repeuaioOnaoia 15 (3,5) 8 (1,9)
KakonBeg voonua 8 (1,9) 6 (1,4)
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BeAtiwon BMD OMZZ avegapTnTa TOU aocBevoug

Covariate

Baseline testosterone level

< 250 ng/dL 0.8 (-0.9 to 2.4) 5.2 (3.5 to 6.9)
> 250 ng/dL 0.9 (0.3 to 1.5) 5.7 (5.1 to 6.3)
< 230 ng/dL 0.9 (-0.9 to 2.8) 4.8 (3.0 to 6.6)
> 230 to < 350 ng/dL 1.8 (0.7 to 2.9) 5.9 (4.8 to 7.0)
> 350 ng/dL 0.3 (~0.4 t01.0) 5.7 (4.9 to 6.4

Minimum baseline BMD T-score
<-25 1.5 (0.6 to 2.4) 6.4 (5.6 to 7.3)
>-25 0.3 (-0.4t0 1.1) 49 (4.1t05.7)

Baseline 10-year major
osteoporotic fracture risk
(tertiles)

< 6.4%

6.4 to < 11.2%

2 11.2%

0.4 (-0.6 to 1.4) 5.5 (4.5 t0 6.5) < 0.0001
0.9 (-0.2 to 2.0) 6.1 (5.1t07.2) < 0.0001
1.3 (0.4 to 2.2) 5.3 (4.4 t06.2) < 0.0001
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AE regardless of relationship to
treatment; n (%)

All 84 (70.0) 86 (71.7)
Serious 10 (8.3) 11 (9.2)
Fatal 1(0.8) 1(0.8)
Leading to discontinuation 0 (0) 4 (3.
AE with 2 5% incidence; n (%)
Back pain 8 (6.7) 10 (8.3)
Arthralgia 7 (5.8) 8 (6.7)
Nasopharyngitis 7 (5.8) 8 (6.7)
Constipation 7 (5.8) 0 (0)
AE of new vertebral fractures; n (%) 1 (0.8) 0 (0)

AE of any clinical fracture; n (%) 2(1.7) 1(0.8)




Eival gia aitTioAoynuéEvn BepaTtreuTiKN €TIAOYn ?

ATTOOEDEIYUEVN ATTOTEAEOUATIKOTNTA & ACPAAEIQ OE VEEC AOBEVEIC
(FREEDOM) : BMD & kdatayua

ATTOOEDEIYUEV HOKPOXPOVIA OTTOTEAECHATIKOTNTA & ACPAAEIQ OE VEEC
aoBeveic (FREEDOM /5 kai 8 xpovia)

ATTOOEDEIYUEVN ATTOTEAECHATIKOTNTA & ACPAAEIQ OE AOOEVEIC TTOU £XOUV
AGBel TTPIV DIPWOPOVIKO




2YMIMNEPAXZMATA

ATTOOEQEIYMEVN ATTOTEAEOUATIKOTNTA & AOPAAEIO OE AVOPEG E
ooTteoTTOpwaon (ADAMO: BMD)

EUKoAO d0COAOYIKO oXNua
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Atypical femoral fracture, osteonecrosis of the jaw, severe
symptomatic hypocalcaemia and anaphylaxis with denosumab

Results:

As of September 2013, estimated denosumab exposure was
1,252,566 patient-years.

Overview of selected SAE incidence in post-marketing reports
40

32%

30

20

10

Number of
post-marketing reports

O _
AFF ONJ SSH Anaphylaxis

Amgen assessment of SSH and anaphylaxis as possibly related
to denosumab led to product labelling updates.

*Eight adjudicated cases of osteonecrosis of the jaw (ONJ) and two atypical fractures AFF: atypical femoral fracture,
of the femurhave occurred during the extension study; SmPC, Aug 20t 2014 ONJ: osteonecrosis of the jaw,

SSH: severe sympt. hypocalcaemia
Geller M et al. 2014; J Bone Miner Res; 29 (Suppl 1):5S113; FR0388 (Poster presentation) SAE: serious adverse event



