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OSTEOPOROSIS

Neuson B. WaTTts, M.D., STEVeEN T. Harris, M.D., Harry K. GEnanT, M.D., RicauarDp D. WasnNicH, M.D.,
Paur D. MiLLer, M.D., REBecca D. Jackson, M.D., AnceEro A. Licata, M.D., Pu.D., PuiLip Ross, Pu.D.,
Grartan C. Woobson, 111, M.D., MeLissa J. Yanover, M.D.; W. JErry Mysiw, M.D.,

LArrY Konse, M.D.; M. Buaskar Rao, M.D., PeTer STEiGER, Pu.D., BRaprorD Ricumonn, M. D).,

lotopka dedopeva:
H eicodoc¢ tn¢
eTIdpovatng otn
Oepamneia tng
OOTEOTIOPWONC

AND CHARLEs H. Cuesnur, 111, M.D.

140 —
- 1 |
3 B
;‘:_l:,"‘ 100 —
285
i @ 80 —
5.8
g88
£ 40— .
-8
& 20 —
0

No
Etidronate Etidronate

All Study Subjects

140 —
120 —
100 -
80 —
60 —

-+

20 —

No
Etidronate Etidronate

Low-Bone-Mass Subgroups




H eicodoc tn¢
aAEVOPOVATNG OTNV KAWVLKNA

npasn

Meiwon Twv omovOUALKWV
KOTOY LATWYV, TWV KOTAYHATWV
TOU LOYiOU KOl TOU KaPTIoU O€

noocoota ~50%

Black DM et al, Lancet 1996; 348: 153541
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1996: Fracture Intervention Trial (FIT)

. 3658 METEUNVOTIAUOLAKEG YuVaikeg 55-80 twv, aAevdpovartn 5-10 mg/d ) placebo E

Fuvaikec Le/nN xwpic Katayua otnv Evapén

¢ 63% MELWON TOVU KWVOUVOU KATAYUOTOC TOU LoXiovu o€ 18 PAVEC

(p=0.014 vs. placebo)

¢ 59% peiwon Tou KivdUvou KAWVIKOU 6TtOVOUALKOU KATAYLATOG OE VOl £T0C

(p=0.03 vs. placebo)

NUVALKEC LE KATOYUO 6ThV Evopén

** 90% peiwon tou KivéUvou TOAAATTAWY OTIOVOUALKWV KATOYHATWVY O€ 3 €N

(p<0.001 vs. placebo)

Black DM, J Clin Endocrinol Metab 2000;85:4118-4124




AMOTEAECUATLKOTNTA TNG AAEVOPOVATNG OTA KATAYHOTO
TOU LOXLOU OE OCTEOTIOPWTLKEC YUVOLLKEC

EuvooUv tnv Euvoouv toug

aAevépovatn HLAPTUPEG
3-éwn FIT —_—
4-étn FIT —_—— Meiwon kwvdUvou 55%
1-€toc FOSIT ¢ O€ OAEG TG LEAETEG
2-3 £to¢ dpéong I O : (p=0.0008) yLot aoBeveic
2-€wn INPACT ¢ MeE T-score <-2.5 kat 45%
2-¢tn LTCFS —
MZo0¢ 6poc —— yia T-score <-2

0.1 0305 1 2 5

ZXETLKOG Kivéuvog

Meta-avaAuon Twv HEAETWV TG aAevdpovatng

Papapoulos SE, Osteoporos Int 2005;16:468-74




Tt cupBaivel He TNV poKpoxpovia xopnynon twv AQ,
UTTAPXEL SLAaTAPNON TNG OLTTOTEAECULATLKOTNTOG LE
ouvexwlopevn AnPn N peETA SLtakomn, VUTAPXOUV
OESOMEVA LOKPOXPOVLOC ATOTEAECHATIKOTNTOC KO
acdpalelac;

Yniapyouv Oeparmnevtikol KUKAOL;




Alendronate

Alendronate

Risedronate

Ibandronate (oral)
Ibandronate (intravenous)

Zoledronic acid
Aedopeva
HOKPOXPOVLOC
Xopriynong AD

—

Phase lll clinical trial 1t extension 2nd extension extension
ALNS5 mg (n=202) ALNS mg (n=288) AINS mg (ﬂ=113) r"s MM
ALN 10 mg (n=196} ALN 10 mg (n=439) ALN 10 mg (n=122) ALN mum
ALN 20 mg 2 years/5 mg 1 year (n=199 =
PBO (n=397) ol b PRO (r=83)
FIT FLEX
ALN (n=3236) ALN 5 mg (n=329) or 10 mg (n=333)
PBO (n=3223) ALN S years/PBO 5 years (n=437)
VERT-MN 1*t extension | 2" extension
= = RIS 7 years (n=83)
RIS (n=407) RIS (n=135) PBOS years/
PBO (n=407) PBO (n=130) RIS 2 years (n=81)
MOBILE MOBILE-LTE
IBN 2.5 mg (n=402) IBN 100 mg (n=358)
IBN 50+50 mg (n=404)| IBN 150 mg(n=361)
IBN 100 mg (n=402)
IBN 150 mg (n=401)
DIVA DIVA-LTE
IBN oral 2.5 mg (n=470) | IBN 2 mgq2mo (n=381)
IBN 2 mg g2mo (n=454) | IBN 3 mg q3mo (n=400)
IBN 3 mg g3mo (n=471)
HORIZON PFT HORIZON PFT extension

ZOL (n=3889)
PBO (n=3876)

ZOL 6 years (n=616)

ZOL 3 years/PBO 3 yrs (n=617

Time, years

Eriksen EF, Bone 2013; Oct 9
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Ten Years’ Experience with Alendronate
for Osteoporosis in Postmenopausal Women

Henry G. Bone, M.D., David Hosking, M.D., Jean-Pierre Devogelaer, M.D.,
J{;}*seph R. Tucci, M.D.. Ronald D. Er.ﬂ |(-&.=}-', M.D.. Richard P. Tonino, M.D.,
Jose Adolfo R{jldrig‘leEZ-FHJrT;'ﬂ&%, M.D. Robert W. Downs, M.D..
Jayanti Gupta, Ph.D., Arthur C. Santora, M.D., Ph.D.,
and Uri A. Liberman, M.D.. Ph.D..

for the Alendronate Phase |1l Osteoporosis Treatment Study Group

ABSTRACT

BACKGROUND
Antiresorptive agents are widely used to treat osteoporosis. We report the results of a
multinatdonal randomized, double-blind study, in which postmenopausal women with
osteoporosis were treated with alendronate for up to 10 years.

METHODS
The initial three-year phase of the study compared three daily doses of alendronate
with placebo. Women in the original placebo group received alendronate in years 4 and
5 and then were discharged. Women in the original active-treatment groups continued
to receive alendronate during the initial extension (vears 4 and 5). In two further exten-
sions (vears 6 and 7, and 8 through 10), women who had received 5 mg or 10 mg of
alendronate daily continued on the same treatment. Women in the discontinuation
group received 20 mg of alendronate daily for two years and 5 mg daily in years 3, 4, and

From Michigan Bone and Mineral Clinic,
Detroit (H.G.B.); Medical Research Center,
Nottingham City Hospital, Nottingham,
United Kingdom (D.H.); Saint-Luc Uni-
versity Hespital, Université Catholique de
Louvain, Brussels, Belgium {J.-P.D.); De-
partment of Medicine, Roger Williams
General Hospital, Providence, R.1. (J.R.T);
Radiant Research—Reading, Wyomissing,
Pa. (R.D.E); Good Health Associates in
Adult Medicine, South Burlington, Vt.
(R.P.T.); Departamento de Endocrinologia,
Escuela de Madicina, Universidad Catoli-
ca de Chile, Santiago, Chile {J.A.R.-P.); Vir-
ginia Commenwealth University, Richmend




Méon aAlayn %

H paon tng AAevdpovatnc otn BMD diatnpeitat otn

14 7
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Sdrapkela tnc 10etiog

13.7%
(p<0.001)*

OMzz

10.3%

(p<0.001)*
Tpoxavtipog
pHnplaiov

5.5%

(p<0.001)
Auxévag
pHnplaiov

AAevépovatn 10 mg/d (n=86)

Bone HG, N Engl J Med 2004;350:1189-1199




lfuvaiikeg pe katayuo ava 100

aoBeveig/étn

H 6paon tTnc aAevépovatnc ota pin oTtoOVOUALKA
Kotaypota dtatnpeital o€ 0An tn SeKasTia

5 _ ‘Etn 1-3 ‘Etn 6-10
4
34
2 -
1
0
Placebo AIIALN Placebo ALN ALN ALN 10
(n=397) (n=597) (umoloyiopog) 20/5/PBO 5 mg
(n=83) (n=78) (n 86)

Bone HG et al, N Engl J Med 2004;350:1189-1199




H peA€tn FLEX: xopriynon aAevépovatng yla 5 €tn o€
OUVEXELO TNC MPWTNG 5eTiog

[ FIT N=6,459 ] FIT (3 to 4.5 yrs) 4

/\ Post-FIT (1-2 yrs)

[ Placebo N =3,223 ] [ Alendronate N = 3,236 ]

[ Eligible for FLEX Screening ]

N=2,857
v
A
Randomized in FLEX FLEX (5 yrs)
N=1,099
Alendronate, 5 or 10 mg Placebo N =437
N =662 \ J
r 3\
Data Available for Analysis
N =406 (BMD)
I N =76 (BTM) ) v

McNabb BL, J Bone Miner Res 2013; 28: 1319-1327




BMD Change From FIT Baseline, Mean, %

No.

Alendronate

Placebo

BMD Change From FIT Baseline, Mean, %

FLEX: MetaoAn BMD otn dgUtepn S5etia

FIT

FLEX

o
—
&)
%)
s
(=)
—

656 460"
432 2977

662 660
437 435

658
436

FIT

16- .

12+ 1
10+ 1
8_ 4

657 642 628
437 428 415 401

Mo
%)
s
-

Year

599 580

FLEX

6 O/O—‘*Q b OW
4 _— -
24 c/o g

0 4

]
o]
.
-

553
380 361

emoral Nec

c FIT FLEX
S 16+ .
g 144 | FLEX Treatment Group
% 4o | @ Alendronate (Pooled)
2 O Placebo
m 10 J
T 8 ]
g 67 . | . . . o —®
£ o O L = e e G
) -
R -
6 G__O T T T 1 T T T T T 1
o o4 J
E T T T T 1 T T T T T 1
- o 1 2 3 4 o 1 2 3 4 5
Year Year
No.
Alendronate 662 660 658 656 460° 657 642 628 599 580 553
Placebo 437 435 436 432 297* 437 428 415 401 380 361
w0 Lumbar Spine
c FIT FLEX
< 16- - ;.
g 147 | .'/'
g 129 1 '
m 10+ Q k
T 8 /0/ 17
£ B o) ]
o /
- 44 i
@
2 2 :
m
6 G__ T T T 1 T T T T T 1
o o4 J
% T T T T 1 T T T T T 1
0 1 2 3 4 0 1 2 3 4 5
Year Year

Black DM, JAMA 2006;296:2927-2938




No. at Risk
Placebo
Alendronate

Cumulative Incidence, %

FLEX: KapumUAn emiiwonc yia To mpwTto pn 6rovOUALKO
KATOYHO 1} KALVIKO GTIOVOUALKO KATOYMO 0T S€UTEPN S5eTiaL
ouvexouc AnPnc aAevdépovatng

[LNonvertebral Fractures |
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RR, 1.00 (95% Cl, 0.76-1.32)
T T T T T T
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Time to First Fracture, mo

No. at Risk

437 421 410 396 373 3565 Placebo
662 642 619 585 565 537 Alendronate

207

1951

10+

437
662

| Clinical Vertebral ﬁractures|

RR, 0.45 (95% Cl, 0.24-0.86)

T
12 24 36 48 60 72
Time to First Fracture, mo

428 429 421 447 414
659 657 654 650 646

Black DM, JAMA 2006;296:2927-2938




JBMR

Efficacy of Continued Alendronate for Fractures in
Women With and Without Prevalent Vertebral Fracture:

The FLEX Trial

FNT >-2

25<FNT=<2

Non-spine Fractures

141

0.79

FNT<-25

0.1

1.0
RR (95% CT)

100

Schwartz AV, J Bone Miner Res 2010;25:976—82




Tt cupBaivel oto 00TOUV HETA TTOAVETH GUVEXN

xopnynon aAevépovatng;




H cucowpegvuon tnc aAsvdépovatnc ota oot

‘Eva eAayxloto KAAGUO TNG XOPNYOUHEVNG tocotntag Sipwaodovikwv
TIOLPOLLEVEL OTAL OOTA, HE XPOVO NULoELaG {wNG yLa TNV aAevdpovarn
10 £tn nepinov

H cuvoAikn moootnta aAEVOPOVATNG OTAL OCTA HETA YWY UE

70mg/<Bd yia 10 £tn unoloyiletal o 75mg

Me ouvoAikq mocotnta HeTaAAwV ota ootda 2Kg ota omoia eivat
deopevpévn n adevdépovartn, n avalAoyia tng unoAoyiletal o€ 37.5

HEPN OVA EKATOUUUPLO

Rodan G et al, Curr Med Res Opin 2004; 20: 1291-1300




EFFECTS OF LONG-TERM ALENDRONATE TREATMENT ON BONE
MINERALISATION, RESORPTION PARAMETERS AND BIOMECHANICS OF
SINGLE HUMAN VERTEBRAL TRABECULAE

M. Krause?, M. Soltau’, E.A. Zimmermann', M. Hahn', J. Kornet?, A. Hapfelmeier®, S. Breer!, M. Morlock?,
B. Wulff>, K. Piischel>, C-C. Glueer®, M. Amling! and B Bussel-*

=  E&eTAOELG TOLOTNTOG 0GTOU KOl LNXOVLKIG OVTOXNG OE VEKPOTOMLKO UALKO
onovSUAWV amd yuvaikeg tou eiyov ooteonopwon kKot dev eiyav AaBet
aywyn, N eixav AaBeL aAevépovartn yia dtdactnpa 1-5 etwv, A ya

ditaoctnpa 6 eTwv

=  Me xopnyia tng Opoomnovdiakng Feppovikic KuBEpvnong

Krause M et al, Eur Cell Mater 2014;28:152-63
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Makpoypovia xoprnynon aAsvdépovatng

H pakpoxpovia xopynon aAevépovatng BeEATIWVEL TRV EMLUETAAAWON,
HELWVEL TOV APLOUO KOl TLG SLUOTACELS TWV ULKPOKOTOYHATWY Kot Statnpet

TLG LNXAVLKEG LBLOTNTEG TOL SoKLdWSOoUE 0oTOoU
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Krause M et al, Eur Cell Mater 2014;28:152-63




AvemOuuntec evépyetec twv AD

Table 2

Overview of side effects associated with bisphosphonates

Side Effect

Upper

Gastrointestinal
Tract Discomfort

Acute Phase
Response

Renal
Insufficiency

Osteonecrosis
of the Jaw

Ocular
Inflammation

Severe
Musculoskeletal
Pain

Esophageal
Cancer

Incidence Common with Common with  Rare, mostly Rare® Rare® Rare® Rare® Rare® Rare, only seen
oral BPs initial IV BP with IV BPs in one
infusion controlled
study with ZA
Strength of  Definite Definite Probable Probable Probable Probable Possible® Questionable® Questionable
association
Mechanism  Irritation of upper Activation F5GS5 with Unik now Unkrnown Release of Unkrnown Esophageal Unknowrn
gastrointestinal of v&T nephrotic atrisk ? impaired ? inflammatory inflammation inflammation ?
mucosa lymphocytes syndrome, patients repair mediators with oral BPs changesin
other ? changes 7 in  against oral electrolytes or
mechanisms bone infections in heart
material impaired 7 structure
properties mucosal
healing
Comments  Increased Incidence F5G5 case Incidence Incidence Scleritis, uveitis, Severe bone, joint, Oral BP users at  Signficantly
incidence of decreases reports with increases increases conjunctivitis, muscle pain higher risk increased risk
nausea, with oral and with with other Variable time to for upper seen in a single
dyspepsia, repeated N BP prolonged prolonged symptoms onset after gastrointestinal randomized
abdominal pain, dosing Higher risk of BP use, BP use Cases of starting BP symptoms and placebo-controlled
and acid rise in 5Crin decreases recurrence on Subset with pain thus for trial. Data from
regurgitation N BP trials with BP rechallenge recurrence on undergoing observational
cessation with same or BP rechallenge endoscopy studies are
different BP ? detection bias  conflicting.

Orozco C, Rheum Dis Clin N Am 2012;38 :681-705




TUTTLKAL KOl ALTUTTOL KOLTALYHLOLTOL TOU HNPLoliov

Zuvnon (A, B) kaw dtuna (C, D) katdypata Touv pnplaiov




ATuna Kotaypata tTov pnplaiov ano AQ

" Tuvaika nAwkiag 62 etwv, og cuvexn AnYn AD anod 10etiag
= AAyOC OTN HECOTNTA TWV HNPWV oo €apnvou

"= [ARPNG EPyaocTnPLAKOC EAEYXOG XWPLC EVPAHATO

16ia nepintwoig




MpoocapUOOHEVN OTNV NALKIOL EMMTTWGON TWV KOTAYLATWYV TOU
LOXLOU KOl TWV ATUNTWV KATAYHATWY TOU pnplaiov avaloya HE

Age-Adjusted Fracture Incidence
(per 100,000 person-years)

600 -

500

400

300 A

200 4

100 -

tnv diapkela tne Oepanceiog pe AD

All Hip
’," Fractures®

- >’
‘h‘h ”l
T PR
= 2/100.000 £tn ywa 2 £Tn XPrIoNG
= 78/100.000 £1tn ywa 8 £Tn Xpriong
Atypical
Femoral
/ Fractures®
— r ' r "
0-1 2-3 4-5 6-7 8-9
Duration of Bisphosphonate Use
(years)

Adapted from Dell RM, Adams AL, Greene DF, et al. Incidence of atypical nontraumatic
diaphyseal fractures of the femur. ) Bone Miner Res 2012 Jul 26




AD koL ootEOVEKPWON TNC YyvaBou

H enintwon th¢ 06TEOVEKPWONG TNG YVABou o€ acBeveic mov
Aappavouv dipwodovika yia tn Bepaneia T 00TEONOPWONG EXEL

urtoAoyloOei petav 1 oe 1.000 ko 1 o€ 263.000 acOeveic-£Tn
EAGXLOTN OUOYXETLON LE HaKpOXPOVLA XpRoN EXEL arodeyOel
2aPpNC CUCXETLON E OOOVTLATPLKEG EMEUBAOCELG KOL KATAOTOON UYLELVAG

TOU OTOMOTOC

McClung M, The American Journal of Medicine 2013; 126:13-20




Denosumab, A® kot ONJ

=  Tuvaika nAwkiog 65 etwv EAaBe aywyn
ne {oAevdpoviko ofL 5mg tov Maptio
tou 2011 kat tov Mdptio tov 2012

= AOYW MTWONG TAG OCTLKNAG TTUKVOTNTOL,
€é\aBe aywyn pe Denosumab tov
AnpiAio tou 2012 kat tov OKTwPpPLo Tou

2012

= To NoéuBpro tou 2012 peta e§aywyn
080VTOC MAPOUGLAGE OOTEOVEKPWON

™G yvabou

16ia nepintwoig




Ot teAeutaiec 0dnNYLEC yLa T HAKPOXPOVLA
Oepamneia TnNC 00TEOMOPWONG

Managing Osteoporosis in Patients on Long-Term Bisphosphonate Treatment
Report of a Task Force of the American Society for Bone and Mineral Research’

Robert A. Adlerl*, Ghada El-Hay;j Fuleihanz*, Douglas C. Bauer?’, Pauline M. Camacho, Bart L.
Clarke4, Gregory A. Cliness, Juliet E. Compston6, Matthew T. Drake4, Beatrice J. Edwardsi Murray J.
Favus®, Susan L. Greenspang, Ross McKinney Jr.'%, Robert J. Pignololl, and Deborah E. Sellmeyerl‘

' McGuire VA Medical Center

? American University of Beirut-Medical Center
3 University of California, San Francisco

J’ Mayo Clinic College of Medicine

> University of Michigan

® University of Cambridge School of Clinical Medicine
" MD Anderson Cancer Center

° University of Chicago

’ University of Pittsburgh

* Duke University School of Medicine

" University of Pennsylvania

12 The Johns Hopkins Bayview Medical Center

Adler RA, J Bone Miner Res. 2016;31:16-35




Kivouvol ano pakpoxpovia xoprnynon A® kot aAAa
npoBAnpata vyeiac

4500
4200

4000 r

35(

O KIVOUVOC KOTAYHUOTOC LELWVETOL CNHOAVTLIKA HE TO

“ A, kot apapével oAU vPnAdtepoc arnod Tov Kivbuvo

20( )

. sp.d)avwnq ONJ (185 dopsc) N AFF (4835 dbopsc)

M Gl Bleed
1000 =
m CNS Bleed
500 =
ﬂi l
0 L] | | T
‘
2 @ {(
o

g,\. M

<<<3§ & é‘*@
‘\0

R\

Adler RA, J Bone Miner Res. 2016;31:16-35




AAyopLlOpoc Beparmneiag o€ HETEUUNVOTTOUOLOKEC YUVOILKEC LE
OOTEOMOPWON CE HaKpoxpovia xopnynon AD

Post-menopausal women treated with oral (= 5yrs)
or IV (=3 yrs) BPs

l

Hip, spine or multiple other osteoporotic fractures before or during therapy

Yy w
Reassess benefits/risks Hip BMD T-Score £-2.5 )
Consider continue BP " or OR

change to alternative therapy(z)
Reassess every 2-3 years

high fracture risk )

Yes lNU
\ 4

Reassess benefits/risks Consider drug holiday
Consider continue BP for up to 10 yrs " )
or change to alternative therapy @) Reassess every 2-3 years

Reassess every 2-3 years

Adler RA, J Bone Miner Res. 2016;31:16-35




TL O cupPel o€ eva aocBevn mou AapBavel
HOKPOXPOVLO OLVTLOCTEOTIOPWTLKN aAywyn otav

OLUTA OTOMOTNOEL;




JBMR

BMD Changes and Predictors of Increased Bone
Loss in Postmenopausal Women After
a 5-Year Course of Alendronate

A Total Hip B Femoral Neck C Lumbar Spine
g v g i — %h v
S = - S ° S ° I N
g o Z - =)
E S c% = C% ER
S kS k)
g § B
g - g = B -
] ] ) H—ﬂr
i -IIS -lll} I5 0 5 i -lll) -[5 l.ll g ]Il] C’ -I5 6 SI ]IO IISI=l
Percent Change in BMD Percent Change in BMD Percent Change in BMD

Fig. 2. Distribution of 5-year % change in bone mineral density (BMD) after discontinuing alendronate at the total hip (A4), femoral neck (B), and lumbar
spine (C).

Awakormn TG aAevépovatng yia 5 €tn, petd 5etq AnPn: Meiwon BMD 3.6% oto
OALKO o)Xio, 1.7% otov auxEva tou punplaiov kot avénon 1.3% otnv OM22

McNabb BL, J Bone Miner Res 2013; 28: 1319-1327




Tt cupPaivel peta TNV dtakomn tng Oepamneiac
HE aAevdpovatn;

H npootateutikn 6pacn twv AD otnv BMD Siapkel
yla 2—-3 £Tn HETA TV SLAKOTIA TOUC yLa ThV
aAevdépovartn kat tibava 1-2 £€tn ywa tnv

turtavdpovartn Ko tnv puedpovarn

Adler RA, J Bone Miner Res. 2016;31:16-35




MetafoAn otnv BMD tnc OMZZ peta nponynOeioca
aywyn He ALN kat emakoAovOn aywyn HE to idto n
Ao papHaKO N XWPLC aywyn

10 —=x - ALN/Placebo[9]
ALN/RLX[9]
ALN/ALN[8]
ALN/ALN[9]
ALN/ALN[10]
ALN/RIS[12]
ALN/ZOL[8]
ALN/Dmab10]
ALN/Dmab[11]
ALN/Dmab[12]

Lumbar spine BMD change form baseline (%) @

0 T~ -.f’(. 12 18 24---0-- ALN/Teriparatide[15]

2 = N Kemem = -e- ALN/Teriparatide[16]
4 —4— ALN/Teriparatide[17]
Months —a— ALN/Teriparatide[18]

Eiken P, Vestergaard P, Osteoporos Int 2016; 27:1-12




YIOAEWMOMEVN AVTILKATOYLOTIK TTPOoTAoLO
Twv AD peta tnv SLakomn TouC

Prescription for alendronate, risedronate, strontium ranelate, and/or raloxifene between
June 1, 2005, and December 31, 2009: N=146,562

Neoplasms: n=19,503

High-level glucocorticoid use: n=7,645

""""" #| Other secondary causes of osteoporosis: n=20,036
Washout period (prescription before 2005-12-01): n=42,748
Data issues: n=44

h 4
n=56,586 | = | SARA Population®
————————— >‘ Prescribed strontium ranelate or raloxifene: n=1,703
n=54,883 |
_________ p| Discontinued the osteoporosis treatment after July 1, 2008
(or not at all): n=37,634
v
n=17,249 |
————————— ){ <1 month of treatment: n=2,747 ‘ = | Cohort A |
--------- >{ 1 to 6 months of treatment: n=8,284 ‘ = | Cohort B |
————————— )‘ 7 to 12 months of treatment: n=3,538 ‘ = | Cohort C |

--------- >{ >12 months of treatment: n=2,680 ‘ = | Cohort D |

0 1 2 3

Years after discontinuation

Time on treatment
<itmonth --------- 1 to 6 months

————— 7 to 12 months >12 months

Alatnpeital N oVILKOTAYHOTIKA
npootacio twv AD peta tnv dtakonn
TOUG Kat eivat avaAoyn HE To diaotnua

AQPng toug

Strom O, Osteoporos Int 2015;26:315-325




700 = l -a= Zoledronate

% MNooo Sdiapkel pia
Ll A4l L7l  éyxuon {ohevdpovikou
Smg;

B-CTX (ng/L)

0- treatment*time <0.0001

03 12 18 24 30 36 42 48 54 60 O &¢eiktng ootikng anoppodnong B-CTX

T. h ’ ’ 4
ime (months) RTov XUUNAOGTEPOG oTNV OMASa TOU

80+
l {oAevdpovikoU o€ OAN TNV SLApPKELL
RN S Sttt 45%
f 40- {' H péon tiun tou 8€iKTn OOTIKNAG
=
Y ool napaywyns P1INP Atav eniong
................................................................................ LaUNASTEpQ EVavTL T opdsac placebo
0- Preatment-time <0.0001
03 12 18 24 30 36 42 48 54 60 (P<0.0001).
Time (months)
Zoledronate 25 24 15 18
Placebo 25 25 17 17

Grey A, Bone 2012; 50:1389-1393




O Ogpamnevutiko¢ KUKAOC AAAWV popAKWVY TTOU
Xpnotlpomotlovvtal ot Oepaneia tng 06TEOMOPWONG

=  Mnopei va yivel Drug Holiday o dAAa avtiooteokAaoTtika dpappoko
onw¢ to Denosumab, mov enion¢ £xeL cuoxetLoBei omwe ta AD pe
OLVETILOU UNTEC EVEPYELEC OTIWE ATUTIAL KOLTALYLLOLTAL TOVU npLaiiov Ko
OOTEOVEKPWON TNC YvaOdou;

= Tuyilvetal og mepintwon oAoKARPwWGoNG VO Oepaneutikol KUKAOU UE

Denosumab;




>

Percent Change From Baseline

MetapBoAn BMD peta amo ditetn aywyn HE

denosumab kot dtakomnn

Lumbar Spine B Total Hip

-&-& Placebo ©© Denosumab 51 -a-a Placebo ©©Denosumab

Percent Change From Baseline

LI 1 1

01 6 12 24 30 36 42 48 6 12 24 30 36 42 48

Bone et al. J Clin Endocrinol Metab 2011;96:972-80




Awokon) denosumab kot emakoAouBa kataypato

N =470 227 148 51 2 -=-Placebo
N = 327 154 108 57 1 --Denosumab

")
&
|

]
=
|

— —
O n
| |

an
|

Percentage of Subjects With Fracture

o
L

0 6 12 18 24
Months Since Ending Treatment
(Last Dose + 7 Months)

Brown JP, ) Bone Miner Res 2013;28:746-52




MeA€tn tnc mopeiac tou CTx
HETA TNV dtakomn tou denosumab

>

sCTXI
-&-& Placebo ©©Denosumab

120 -
100 4

- 1.1

L O
o= Y = B
. : j

]
o O
ng/mL

R
o

sCTXI Percent Change From Baseline

01 6 101214 18 24 2730 36 42 48

Bone et al. J Clin Endocrinol Metab 2011;96:972-80




Rebound-associated vertebral fractures after discontinuation of
denosumab—from clinic and biomechanics

H peyaAn avénon tov puOpov
OOTLKAC EVOAAQYNC GOV
OLTLOTEAECLOL LOXUPNG OLVTL-
OOTEOKAQOTIKNAG aywyn¢ Oa
MIOPOUVOE Va 08NYNOEL OE
eMakoAovOn peydaAn avénon

EMNMTWONG KOTOYUATWV

Sagittal imaging of the lumbar spine from 2011
(left; computed tomography) and 2015 (right;

. . . . Popp AW, Osteoporos Int 2016; 27:1917-1921
magnetic resonance imaging—T1 weighted) op .
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LETTER

Multiple clinical vertebral fractures following

denosumab discontinuation
A.D. Anastasilakis' « P. Makras?

= Tuvaika 51 etwv, xwpig
devuteponadn
00TEOTIOPWON

= Denosumab kA0 6 pLAVEC
ywa 3 £tn €wg Avy 14 kat
tov e 2015, n aywyn
Sdlakonnke ywoti mAéov
gixe ooteonevia (T-score
LS -1.8)

= Anp 2015, 8 LAVEC HETA
NV teAevtaia Eveon
ONKWOE CUPTAPL TOU
Juyeiov

N
=
= =
N
/
‘
.
= 7
/
%
Y

Anastasilakis AD, Osteoporos Int 2016; 27:1929-1930
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REBOUND-ASSOCIATED VERTEBRAL FRACTURES AFTER DENOSUMAB
DISCONTINUATION: A SERIES OF 8 WOMEN WITH 35 SPONTANEOUS VERTEBRAL
FRACTURES.

O. Lamyl, D. Stoll1, E. Gonzalez Rodriguezl, D. H. Hans1, B. Aubry-Rozierl

1Center of Bone Diseases, Lausanne University Hospital Switzerland, Lausanne, Switzerland

Method: We report the cases of 8 postmenopausal women. They received Dmab 60 mg every 6
months for 2 to 8 doses. The 8 women were on calcium and vitamin D. Awide biological
assessment excluded a secondary cause of OP. VFx were documented by MRI.

Conclusion: These 8 cases show a severe increased risk of vertebral fractures in the 9

to 16 months after the last injection of Dmab. The occurrence of these fractures can

be explained by the severe rebound effect observed after denosumab
discontinuation. It is urgent to: 1) inform the health authorities and patients of this
risk; 2) determine treatment regimens before or at the time of denosumab

discontinuation
ASBMR 2015




OCs8

PREVENTING BONE LOSS UPON STOPPING DENOSUMAB THERAPY: FINDINGS
FROM TWO CLINICAL STUDIES

M. McClung1l, P. Miller2, D. L.Kendler3, N. Pannacciulli4, A. Wang4, R. B. Wagman4, S. Ferrari5

10regon Osteoporosis Center, Portland, OR, United States, 2Colorado Center for Bone Research,
Lakewood, CO, United States, 3University of British Columbia, Vancouver, BC, Canada, 4Amgen
Inc., Thousand Oaks, CA, United States, 5Division of Bone Diseases, Geneva University Hospitals
and Faculty of Medicine, Geneva, Switzerland

Materials and Methods: This analysis included data from 2 studies: Study 1 was an extension to
the Ph2 dose-ranging study for DMAb where a 1-year open-label (OL) observation period
assessed clinical OP management strategies in patients who had received up to 8 years ofDMAb
therapy. Study 2 was a 24-month RCT in postmenopausal women with OP or low bone mass who
received alendronate (ALN) followed by DMAb, or DMADb followed by ALN, over successive 12-
month periods.

Conclusions: For those patients who discontinue DMAD, transitioning to another OP
therapy attenuates (in an observational setting) or prevents (in a clinical trial setting)
reversibility of treatment effect on BMD. While the studies are too small to evaluate
fracture outcomes, these findings may help inform treatment decisions following
DMADb discontinuation to maintain BMD gains achieved with treatment

ASBMR 2015
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PRIOR EXPOSURE TO BISPHOSPHONATES PREVENTS THE REBOUND OF BONE
TURNOVER MARKERS AFTER DENOSUMAB THERAPY

B. Uebelhartl, R. Rizzoli2, S. Ferrari2

1Hopitaux Universitaires de Geneve, Geneva, Switzerland, 2Service of Bone Diseases, Geneva
University Hospitals and Faculty of Medicine, Geneva, Switzerland

Material and methods: In a retrospective longitudinal study, we assessed changes in
serum CTX levels in 35 patients (31 women and 4 men, mean age 68.6 years (range
50-84)) up to 17 months after Dmab cessation. Of them, 18 patients had received BP
prior to DMab

Conclusion: This retrospective longitudinal study indicates that the rebound in bone
turnover markers occurring after cessation of denosumab in patients who have received
multiple injections may be prevented by prior exposure to bisphosphonates. This effect is
likely related to the persistence of bisphosphonate in bone. Thus, in the patients with

prior long acting bisphosphonate exposure, denosumab cessation may not be a concern.

ASBMR 2015
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EDITORIAL

Cancel the denosumab holiday

M. R. McClung'

McClung MR, Osteoporos Int 2016; 27:1677-1682




Kootog, anoteAsopatikotnta Kat rntAoyn

doppakou




Kootoc /amnoteAsopatikotnta tne Oepareiog
TNC ooteonopwonc oto HvwuéEvo BaoiAglo

Intervention

T-score

255D

No prior fracture

Prior fracture

No BMD

Prior fracture

Alendronate 6,225 4.727 6.294
Etidronate [2.869 10,098 9.093
Ibandronate daily 20,956 14,617 14.694
Ibandronate intermittent 31.154 21,587 21,745
Raloxifene 11,184 10,379 10,808
Raloxifene without breast cancer 34,011 23.544 23,755
Risedronate 18,271 [2.659 [13.853
Strontium ranelate 25.677 18,332 19,221
Strontium ranelate, post hoc analysis 18,628 13.077 13.673

Kanis JA, Osteoporos Int 2013;24:23-57
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ALENDRONATE
FOR THE PRIMARY PREVENTION

N I c National Institute for NICE NICE Standards Evidence

Health and Care Excellence Pathways  Guidance  andindicators services

v

Leave feedback  Recently viewed  Browse pathw

i= Osteoporosis

Jsteoporosis overview

[Alendronate is recommended as a treatment option for the primary prevention

of osteoporotic fragility fractures in the following groups:

People presenting in any

healthcare settin . . .
e + \WWomen aged 70 years or older who have an independent clinical risk factor

\|/ for fracture (see below) or an indicator of low BMD (see below) and who are
Fragility fracture risk NICE pathway on patient confirmed to have osteoporosis (that is, a T-score of -2.5 SD or below). In
assessment experience in adult NHS women aged 75 years or older who have two or more independent clinical ris

services

factors for fracture or indicators of low BMD, a DXA scan may not be require

if the responsible clinician considers it to be clinically inappropriate or

\I/ unfeasible.
Primary prevention of Secondary prevention of ) o )
osteoporotic fragility fractures osteoporotic fragility fractures » Women aged 65-69 years who have an independent clinical risk factor for
in postmenopausal women in postmenopausal women . . .
fracture (see below) and who are confirmed to have osteoporosis (thatis,aT

score of -2.5 SD or below).

* Postmenopausal women younger than 65 years who have an independent

clinical risk factor for fracture (see below) and at least one additional indicatc

http://pathways.nice.org.uk/pathways/osteoporosis
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Other treatments ©NICE 2015 |
FOR THE PRIMARY PREVENTION
d etidronate are recommended as alternative treatment options ecommended as a treatment option for the primary prevention

for the primary prevention of osteoporotic fragility fractures in postmenopausal of osteoporotic fragility fractures only in postmenopausal women at increased

women: risk of fractures:

[- who are unable to comply with the special instructions for the administration * who are unable to comply with the special instructions for administering

of alendronate, or have a contraindication to or are intolerant of alendronate alendronate and either risedronate or etidronate, or have an intolerance of,

(as defined below) and or acontraindication to, those treatments and

« who also have a combination of T-score, age and number of independent * who have a combination of T-score, age and number of independent clinical

clinical risk factors for fracture (see below) as indicated in the following table. risk factors for fracture (see below) as indicated in the following table.

T-scores (SD) at (or below) which denosumab is recommended when

T-scores (SD) at (or below) which risedronate or etidronate is recommended

when alendronate cannot be taken alendronate and either risedronate or etidronate are unsuitable

Number of independent clinical risk factors for fracture Number of independent clinical risk factors for fracture
Age (years) | O 1 2 Age (years) | 0 1 2
65-69 N/AZ 35 30 65-69 N/A2 45 40
70-74 -3.5 -3.0 -2.5 70-74 -4.5 -4.0 -3.5
75orolder | -3.0 -3.0 -2.5 75 orolder | -4.0 -4.0 -3.0

2 Treatment with risedronate or etidronate is not recommended.

2 Treatment with denosumab is not recommended.

http://pathways.nice.org.uk/pathways/osteoporosis
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FOR THE SECONDARY PREVENTION

N I c National Institute for NICE NICE Standards Evidence

Health and Care Excellence Pathways  Guidance  andindicators services

A 4

Leave feedback  Recently viewed Browse pathwa

Osteoporosis overview = Osteoporosis

This guidance does not cover the following:

People presenting in any e The use of alendronate, etidronate, risedronate, raloxifene, strontium

health tti . . . . -
bl ranelate or teriparatide for the secondary prevention of osteoporotic fragility

\I/ fractures in women with normal BMD or osteopenia (that is, women with a
T score between -1 and -2.5 SD bhelow peak BMD).

NICE pathway on patient
experience in adult NHS . X .
services * The use of these drugs for the secondary prevention of osteoporotic fragility

Fragility fracture risk
assessment

fractures in women who are on long-term systemic corticosteroid treatment.

L Alendronate is recommended as a treatment option for the secondary
Primary prevention of Secondary prevention of
osteoporotic fragility fractures osteoporotic fragility fractures
in postmenopausal women in postmenopausal women

prevention of osteoporotic fragility fractures in postmenopausal women who are

confirmed to have osteoporosis (that is, a T-score of -2.5 SD or below). In women

[ e

aged /5 years or o be requirea € responsib

clinician considers it to be clinically inappropriate or unfeasible. When the
decision has been made to initiate treatment with alendronate, the preparation
prescribed should be chosen on the basis of the lowest acquisition cost available.

http://pathways.nice.org.uk/pathways/osteoporosis
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Other treatments

FOR THE SECONDARY PREVENTION

1 d etidronate are recommended as alternative treatment options

: : » ) recommended as a treatment option for the secondary
for the secondary prevention of osteoporotic fragility fractures in
postmenopausal women: prevention of osteoporotic fragility fractures only in postmenopausal women at

[ who are unable to comply with the special instructions for the administration increased risk of fractures who are unable to CD[TID|",F with the SDECIE|

of alendronate, or have a contraindication to or are intolerant of alendronate instructions for administering alendronate and either risedronate or etidronate

(as defined below) and or have an intolerance of, or a contraindication to, those treatments.
* who also have a combination of T-score, age and number of independent

clinical risk factors for fracture (see below) as indicated in the following table. Women currenﬂy recefvfng freatment

[ T-scores (SD) at (or below) which risedronate or etidronate is recommended]

when alendronate cannot be taken People currently receiving denosumab for the secondary prevention of

osteoporotic fragility fractures who do not meet the criteria specified should

Number of independent clinical risk factors for fracture . . . . R . .
p have the option to continue treatment until they and their clinician consider it

Age 0 1 |2 appropriate to stop.
(years)
Treatment with risedronate or etidronate is not
50-54 -30(-25
recommended.
55-59 -3.0 -30(-25
60-64 -3.0 -3.0(-25
65-69 -3.0 -25(-25
700r
-25 -25(-25
older

http://pathways.nice.org.uk/pathways/osteoporosis
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Dappaka otn Oeparmneia TG 00TEONMOPWONC OTNV
EAAaSa, bebopéva 2013

Medication Men Women N/A? Total drug use
Total number/(%) of patients receiving treatment
l Alendronate 3278 (29 %) 76,917 (30.8 %) 2160 (36.7 %) 82,355 (31 %) ]

Risedronate 2786 (24.6 %) 53,974 (21.6 %) 1206 (20.5 %) 57,966 (21.8 %)
Ibandronate 1076 (9.6 %) 24,934 (10 %) 488 (8.3 %) 26,498 (9.9 %)
Zoledronic acid 310 (2.7 %) 274 (0.1 %) 162 (2.7 %) 746 (0.3 %)
Raloxifene — 5638 (2.2 %) 161 (2.7 %) 5799 (2.1 %)
Strontium ranelate 618 (5.6 %) 15,625 (6.2 %) 302 (5.1 %) 16,545 (6.2 %)
Parathyroid hormone - 7 (0.0 %) 1 (0.0 %) 8 (0.0 %)
Teriparatide 224 (2 %) 2946 (1.1 %) 34 (0.5 %) 3204 (1.2 %)
Bazedoxifene — 736 (0.2 %) 17 (0.3 %) 753 (0.3 %)

[ Alendronate/Cholecalciferol 1366 (12 %) 24,764 (9.9 %) 518 (8.8 %) 26,648 (10 %) ]
Denosumab 1649 (14.5 %) 45,365 (18.2 %) 830 (14.1 %) 47,844 (18 %)
Alfacalcidol 4855 46,493 1408 52,756
Calcium 3480 47,811 2118 55,954
Calcium/cholecalciferol 361 4235 51 4647
Total® 11,307 248,180 5879 265,366

Makras P et al, Osteoporos Int 2015; 26:1949-1957




Yriapxel mpoBAnua pe ta yevoonua AQ;

Osteoporos Int (2012) 23:213-221
DOT 10.1007/s00198-011-1796-6

ORIGINAL ARTICLE

A reappraisal of generic bisphosphonates in osteoporosis

J. A. Kanis - J.-Y. Reginster » J.-M. Kaufman -
J.-D. Ringe + J. D. Adachi - M. Hiligsmann - R. Rizzoli -
C. Cooper

Kanis JA, Osteoporos Int 2012; 23:213-221




Yriapxel npoBAnua e ta yevoonua AQ;

Cumulative urinary excretion (pg)

I

300 | /—/;(':_’;_/’1

200 : ﬁ
100 f

O Reference alendronate

0O Test alendronate

[
0 4 8 12 16 20 24 28 32 36
Time(hours)

Anof3oAn ota oUpPOL MPWTOTUTNG KoLl
YEVOON NG aAevépovatng

Proportion of patients still on bisphosphonate therapy

Log-Rank test
p < 0.001

20% [ === branded risedronate
e branded alendronate

10% 4 = generic alendronate

0%

0 30 60 90 120 150 180 210 240 270 300 330 360
Time since first bisphosphonate dispensation (days)

MBavotnta SLaKomng TG aywyng HE
npwtotunn alevépovartn kat pilevépovartn
o€ oUYKpLoN KE YEVOONHN aAevdpovatn

Kanis JA, Osteoporos Int 2012; 23:213-221




MpwTtotunn Ko yevoonun aAevdépovatn

"  Ynapxel Leyain

SO0 q - oo
o450 Sdiadopa otov xpovo
2 4001 anocuvBeong tng
S 3504 . TopnAétog petafl
E S0 B MPWTOTUTNG KOt
Z 250 4 - e - ;
= YEVOONUWV
B 200 - e )
~ I OKEVOOATWV
=150 -
o 1004, I aAevépovatng nov
S osod.o o B - KukAodopouv ctov

0 Kavada

= Hduadopd avti
ennpealel mbavaotata to

+ vit. D

npodiA acPpalelag Kot

Novo-alendronate |[»
Apo-alendronate
Brand risedronate
Brand alendronate
Brand alendronate

OLTLOTEAECHLOLTLKOTNTOLG

Olszynski WP, J Osteoporos 2014;2014:420451




JUMITEPACLOTA

Ta AD £Xxouv HOKPOXPOVLO QVTLKATAYHATIKA Spdon, TTov yLo tThv
aAevépovartn eival armodedeypévn yia TOUAAXLOTOV SEKA £TN

Ta AD napapévouv acPaln otn HOKpPOXPOVLIA Xopriynon

Mpoteivetal n xprion toug o€ 5t OgpAMEVUTIKO KUKAO HLE TEKUNPLWHEVN
Spacon META TNV SLAKOT TOUG, TTOL yLa TNV atAevdpovartn ivot
TouAayxtotov 2-3 £€1n

H ocuvoAlkn avtkataypotiky dpacn tng aAevdpovatng o€ cuvOUOOHO UE
TO KOOTOG NG Oepareiog tnv KabLotd to pApHaKo TIPWTNG EMLAOYNG OTNV

OCTEOMOPWON




Osteoporos Int (2013) 24:1-6
DOI 10.1007/s00198-012-2176-6

REVIEW

The effect of treatments for osteoporosis on mortality

A. Grey - M. J. Bolland

Table 2 Observational studies reporting the relationship between osteoporosis treatment and mortality

Study design Participants Duration of Treatment ~ Mortality risk Adjusted mortality
follow-up estimate risk estimate®

Cree [21] Prospective cohort 449 hip fracture patients, <5 years Any” NR 0.34]0.17, 0.70)
>65 years

Center [17] Prospective cohort 1,223 women, >60 years; 15 years BP 0.8 (0.4,1.4) 0.310.2, 0.5)
819 men, >60 years

Beaupre [18] Prospective cohort 209 hip fracture patients, 3 years BP 0.94 (0.90, 0.98) 0.37]0.28, 0.51)
>50 years

Sambrook [19] Prospective cohort 2,005 institutionalised 3.4 years BP 0.74 (0.56, 0.98) 0.73 [0.56, 0.94)
people, >65 years

Bondo [20] Registry-based cohort 42,076 people, >55 years 3.8 years BP¢ 0.84 (0.75, 0.94) 0.76 ]0.68, 0.85)
with a hip fracture <3 month of ~ BP¢ 0.76 (0.66, 0.87) | 0.68 [0.59, 0.77)

hip fracture

OAec ot peAéteg Seixyvouv Betikn enidpaon twv AD otnv Ovnrotnta
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ORIGINAL ARTICLE

Incidence of hip fractures in Greece during a 30-year period:

1977-2007

G. P. Lyritis - S. Rizou + A. Galanos + P. Makras
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Abstract

Summary The incidence of hip fractures doubled in Greece
from 1977 to 2007 among people aged 50 and over. A mild
decrease was observed after 2002, although the future trend
cannot be safely anticipated at the moment. Half of all hip
fractures in 2007 were derived from the age group of 80 and
Over.

Introduction The purpose of this study was to determine the

with 1977 [0.85, 95 % confidence intervals (CI) 0.79-0.92,
p<0.0005]. Among people aged 7079, an increased rela-
tive fracture risk (1.53, 95 % CI 1.45-1.61, p<<0.0005) was
estimated m 2007 compared with 1977. People =80 years
old were responsible for half of the hip fractures in 2007 but
only for the 22.5 % of fractures in 1977. The relative
fracture risk in people aged >80 was 2.81 times higher
(95 % CI 2.64-2.98, p<0.0005) in 2007 than in 1977.

Lyritis GP et al, Osteoporos Int 2013; 24:1579-1585




Enimtwon tTwv KaTtaypatwy Tou toxiov otnv EAAada
KOTa TNV Stapketa pog meptodov 30 etwv: 1977-2007

600 7 —e— Male

—&-Female

500 - —&— Male + Female

400 4

300 -

200 -

Annual number / 100.000

100 A
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Lyritis GP et al, Osteoporos Int 2013; 24:1579-1585

1997
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= To 2007, 14.055 aoOsveic
nAwiog 250 eTwv
UTTECTNOOV KATAYLOL
Loxiov: 9.850 (70,1 %)
Yuvaikeg kat 4.205 (29,9 %)
avépeg (I'/A avaloyia
KOLTOLY LALTWV TOU Lo)iou
2,34)

" Nepinov pooti (50,75 %)
TwvV aloBevwyv pe
Kortaypota Loyiov to 2007

noav avw Twv 80 eTwv




