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Trends and Disparities in Osteoporosis Screening [
Among Women in the United States, 2008-2014 s
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,;3 f“{j H puéon ouyvotnta eAéyxouv Qrav xapnAn: 21.1%,
é b = . 26.5%, kot 12.8% petaL yuvalkwv nAwkiog 50-64,
Ig 2. 8 65-79, kau 80+ €Twv, avtictolya. H tdon
: | s Y Pt a Sitadpopornoteital onpavtikd ano tnv nAwkio (P

! L <.001). Metav 2008 ko 2014, n xpron TG

) _:El Eg% g€€taonc petafL yuvalkwyv nAkiog 50-64 etwv

& S & & & pewwBnke 31.4%, dAage Aiyo otig nAwkieg 65-79, kat

Year during which study observation period began

awéNOnke 37.7% petafl yuvokwv 80+ €Twv.

Trends in osteoporosis screening by age among

women enrolled in commercial or Medicare o
Advantage plans, 2008-2014. Gillespie CW, Am J Med. 2017;130:306-316
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US Hip Fracture Trends 2002-2015

Hip Fracture Rates

14,391 additional hip fractures

$576 million additional expenses
2,878 additional deaths
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A. Mvuon evavtiov tng Merck yia ONJ ané Fosamax B. MeA€tn: Fosamax Kot
KOATiK pappapuyn C. Avakpion yla tnv npwtn peAétn Fosamax. D. ABC World
News avakoivwon yta Fosamax Kot AtuTiol KATAYLOToL TOU pnpLotiov

Jha S, J Bone Miner Res 2016;30:2179-2187



Kpion otn Oepamneia tnc ooteonopwong

USA DXA Reimbursemen! Culs (2007)
ONJ

AFF
Media Reporls

Fear ol Side Elfeclts
Drug Holidays

Better WHI (2002)

Bureaucracy

FRAX Limited Time
Guidelines Competing

More Markeling Prioritics
Approval of More Drugs Competing
US Surgeon General's Report Guidelines

Calcium
Vitamin D

Increasing Availlability of DXA Risk Communication
Bone Mass Measurement Act Treatment Gap
Mass Marketing

Approval of Alendronate

WHO Diagnostic Critena
DXA Introduced (1987)

Then Now

E Michael Lewiecki, ACR 2017

Worse




Xopniynon Beparmeiog yia 00TEOMOPWGH OE ATOUOL
avw tTwv 50 etwv otnv Evpwnn

Persons 50+ treated (%) l
12

10

——Greece
——|taly
—&— Portugal
== Slovenia
Spain
=== EL27
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ORIGINAL ARTICLE

Osteoporosis in the European Union: medical management,

epidemiology and economic burden

A report prepared in collaboration with the International Osteoporosis Foundation (10F)

and the European Federation of Pharmaccutical Industry Associations (EFPIA)

H octeonopwon cov
NPOBANHA SNHOCLOG
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H enintwon twv nabnoswv
untoAoylopévn pe DALYs to 2002 otnv
Eupwrn yla N LETALSOTIKA Voo LaTa.
IHD: Ischemic heart disease, COPD:
Chronic obstructive pulmonary disease,
HD: heart disease,, BPH: Benign
prostatic hyperplasia

DALYs: EVOWMOTWVEL TNV OIMWAELO ETWV
{wN¢ AOYyW KOTAYHUOTOC OE AUTOUG IOV
enBLwvouv. AWAELQ EVOC £TOUG AOYW
npowpov Bavartou toovtal pe 1 DALY. Eav
n ntowotnta {wng nEdTeL 6To HLGO Ao To
KOATOLYLOL TOTE TO £10¢ {WNC HE avannpia
givat 0.5.
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E. Hernlund, Arch Osteoporos 2013; 8:136



Enintwon kataypatwyv texiov otnv Evpwnn
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E. Hernlund, Arch Osteoporos 2013; 8:136
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Lyritis GP et al, Osteoporos Int 2013; 24:1579-1585
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Oewpntika 6edopeva aro tov EAANVIKO XWPOo

* Ta 14.000 kotdypata Tov LWoyiov etnoiwg mpokaAouv niepinov 2.800
Oavatouc

" YnoOetika, av avtoi ot acBeveic eEAapfavav Hakpoxpovia avtl-
OOTEOTIOPWTLKA aywyn mov Oa peiwve ta Kataypata kata 50%, 0a
emBiwvav ot 1.400




Arch Osteoporos (2014) 9:187
DOI 10.1007/s11657-014-0187-y

ORIGINAL ARTICLE H OUTEOR()PWG“ otnv
EABeTia

Epidemiology and economic burden
of osteoporosis in Switzerland

= [epinov 74.000 véa KotAypata
Other, 35%

gvBpavototntag £ywvav otnv EABetia to

2010, ano ta onoia 14.000 katayuota
Loxiov, 11.000 ortovéuAwka, 13.000 Hip, 45%

avtiBpayxiov ko 36.000 aAAa.

" To KOOTOC TWV Katayuatwv vnoAoyiletou

Forearm, 7%

o€ 2.050 skatopplpLa yia to idlo £€tog. Spine, 12%

= H dpeon ppovtida rpokalei to 76% SUGYETLON TOU KOOTOUC E TO ONILELO TOU
oLUTOU TOU KOOGTOUG, N HOKPOXPOVLA TO Katayratos
21% ko n poppokoAoykn tpoAnyn to

3%.

Svedbom A, Arch Osteoporos (2014) 9:187
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P apUHAKWY IOV XPNOLUOToloUVTaL OTh
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Kapdiayyeiokn BAaBn ano xoprnynon acPectiov;

Annals of Internal Medicine CLINICAL GUIDELINE

Lack of Evidence Linking Calcium With or Without Vitamin D

Supplementation to Cardiovascular Disease in Generally Healthy

Adults: A Clinical Guideline From the National Osteoporosis

Foundation and the American Society for Preventive Cardiology

2Uotaon: The National Osteoporosis Foundation kot n American Society for Preventive
Cardiology uioBetoUv tTnVv B€on AtL UTtAPXEL pETPLOG TtototnTac Evoeien (B level) otL to
aoBEotio pe  xwpic AnYn Brrapivng D anod tpodn R cupMAnpwpata SV EXEL OXEON
(wPEALUN ) BAamTIKA) 1E TOV Kivouvo KapSLayyelakng Kot EYKEPAAOAYYELOKNG VOOOU,
Ovnowotnta, n Ovnolpotnta and KAbe atia og vy atopa. Me T cUYXPOVEC YVWOELG,
npooAnyn acPeotiov and tpodn 1 CUNNANnPWHOTA TTOU deV UTtEPBALVEL TO AVEKTO OPLO

(opropévo anod tnv National Academy of Medicine arté 2000 £¢w¢g 2500 mg/d) Oa mpémel

va Oswpeital acpaAng and kopdiayyelakn aroyn.

Kopecky SL, Ann Intern Med. 2016; 20;165(12):867-868



Vitamin D, Calcium, or Combined Supplementation for the Primary

Prevention of Fractures in Community-Dwelling Adults cvore | Eavore
Evidence Report and Systematic Review for the US Preventive Suptement | control
Services Task Force

Bitapivn D kat aoBEotio o€ ]
METEUHUNVOTIAUOLAKEC YUVOLKEC; 1

e
CONCLUSIONS AND RELEVANCE H xopriynon Bwtapivng D B}
pnovng N poll pe acBEotio Hev oxetiletal pe peiwon otnv

EMIMTWON KOTOYUATWV OE EVAALKA ATOMO XWPLC YVWOTAH

€A\ewpn Brrapivng D, ooteonopwon, | MPONYOUHEVO

—._

kataypa. H xoppynon Brrtapivng D pali pe acféotio

-15 -10 -5 0 5 10 15
Absolute Risk
Difference, % (95% CI)

ouo)etiletal pe avénon otnv enintwon veppoAibiaonc.

Kahwati LC, JAMA. 2018;319:1600-1612



BonOa yevika tnv vyeia n xoprnniynon Brtapivne D;

A Invasive Cancer of Any Type

’ ORIGINA Rl ‘ Placebo
1.0 0.06 ?a(z)a‘:? ratio, 0.96 (95% ClI, 088—1.50’6,/'
0.9 0.054 "= Vitamin D
Vitamin D Supplements and Prevention et e
of Cancer and Cardiovascular Disease T o061 oo
2 057 o014
Tuxouomnotnpévn, eAeyxopevn He placebo Roel ™ 1 2 | & & 1
’ ’ ’ Y 0.2
MEAETN, HE Xoprynon Brtapivng D3 01
R ’ 0.0 T T T T T 1
(xoAnkaAowdpepoAn) oe 66on 2000 IU ¢ 1 2z 3 & & &
, , , Years since Randomization
nuepnolwq Kal eakaocla n_3 (anAQGn omega- ::&:E:ORISR 12,944 12,765 12,567 12,345 11,985 9543 746
3) Alnapa o€£a 08 600“ 1 g nuspn(jlwq’ VLa tnv Vitamin D 12,927 12,738 12,543 12,341 11,992 9557 744
’ ’ ’ B Major Cardiovascular Events
nPOoAnyn Tou KapKivou Kat Kopdilayyelakwv ' -
I3 I3 ’ ’ 1.0+ 0.06- Hazard ratio, 0.97 (95% Cl, 0.85-1.12)
VOONUATWV € AvOPEG >50 ETWV KOl YUVOLKEG 0s] 005 P-089 Yitamin D
’ o 08+ 0.04—
>55 gtwv otig HMNA. £ o] oo
'S 0.6 02-
SYMMEPAZMATA % 55| ol
’ ’ ’ ;5 i . T T T T T 1
H xopnynon Brtapivng D dev peiwoe tnv g ol 0 1 1 3 % 1 &
’ ’ ’ ’ Yooz
cuxvotnta dinOntikov Kapkivou N 014
0.0 T f T T T 1
KOLPSLAYYELAKWY VOONUATWV OE OXEOH JE TO L L
placebo. (Funded by the Natlonal InStItUtes Of yl:;:btoRiSk 12,944 12,862 12,747 12,593 12,289 9841 766
Vitamin D 12,927 12,342 12,723 12,593 12,314 9862 774

Health and others)

Manson JE, N Engl J Med. 2018 Nov 10




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

Qcular
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 Z4
Strength of  Definite Definite Probable Probable Probable Probable Possible® Questionable*® Questionable
association
Mechanism  Irritation of upper Activation F5GS5 with Unk nowr Unkrnowr Release of Unknown Esophageal Unknownrn
gastrointestinal of v&T ne phrotic atrisk ? impaired ? inflammatory inflammation inflammation ?
mMucosa lymphocytes syndrome, patients repair mediators with oral BPs changesin
other ? changes ? 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 IV 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




Atuma Kotayporto tov oxiov peta 10et) AQPn adevdpovatng

10.000 uyLeic yuvaiKeg Meta 10eti AqPn aAevdépovatng,

nAwkiog 67.8 etwv pe T-score ]
-2.5 } XoaunAotEPO GTOV .
OLUXEVA TOU UnpLaiov, HE To - "
35% va £XEL LOTOPLKO )
OTOLOUSATIOTE KOTAYLOTOG
(oxL omovSuAko) amno tnv .

nAwia Twv 45 eTwv

Oa mpoAndOouv:

550 oTtOVOUALKA KOLTALYpLOLTOL
250 Kataypota Tov Loxiov
1620 KALVIKQ KOoTaypota

100 Bavartot

Oa eméAOovuv:

11 atuma Kataypoto

D.A. Hanley, Am J Med. 2017;130:862.e1-862.e7



Review Article @

Case-Based Review of Osteonecrosis of the Jaw (ONJ) and
Application of the International Recommendations for
Management From the International Task Force on ONJ
Aliva A. Khan, ™' Archie Morrison,” David L. Kendler," Rene Rizzoli,'
David A. Hanley,” Dieter Felsenberg,” Laurie K. McCauley,” Felice O'Ryan,”
Tan R. Reid,” Salvatore L. Ruggiero,”''"* Akira Taguchi,"' Sotirios Tetradis,"”
Nelson B, Wans,” Maria Luisa Brandi,'" Edmund Peters,”” Teresa Guise,”
Richard Eastell," Angela M. Cheung,”"*'** Suzanne N. Morin,"' Basel Masri,*
Cyrus Cooper,” ™" Sarah L. Morgan,”" Barbara Obermayer-Pictsch,”
Bente L. Langdahl,” Rana Al Dabagh,”’ K. Shawn Davison,” George K. Sandor,’
Robert G, Josse,™ Mohit Bhandari,”” Mohamed EI Rabbany,""
Dominique D. Pierroz,”” Riad Sulimani,” Deborah P. Saunders,"
Jacques F. Brown,”" Juliet Compston® on behalf of the International Task Force on
Osteonecrosis of the Jaw

ErmuénuioAdoyia

O kivdéuvog tng ONJ pe xapunAn 66on AD n
denosumab og acBOeveic pe ooteonopwon
ektipatal petafy 1 otic 10.000 ko 1 otLg
100.000 ava £to¢ xpriong kaw epdaviletal
ge\ayota 1 KaBoAou avénnévog os cUyKpLon
ME TNV epdavion ONJ otov yeviko TAnOuouo
Tou Sev £xeL AaPeL kaBAAov Bepaneia

OCGTEONMOPWONG

OoteovEkpwon tng yvadou:
veotepa bedopeva

XelpLopog ev oYL cofopwv
odoVTLATPLKWYV EMEUPACEWV:

Eav o kivéuvog yia ONJ givat au§npévog kat o
kivéuvog katayuatog unAog (>= 20% ya ta
enopeva 10 £tn) ko Hellwv XELPOUPYLKN
eNéuPoon oto oTOUA IPOoYyPApHaTilETAL,
HUITOPEL VA OCTAUATAOEL N OLVTL-
ooteoanoppodntiky aywyn. Mmnopei va
XPnoLpomnon el tepunapatidn Katd thv
SLapKeLa TNG SLOKOTAG TNG AVTL-
ooteoanoppodNTIKAG AyWYNRS AV eV
UTLAPXOUV OVTEVOELEELG.

Eav o kivéuvog yra ONJ givat xapnAog kat o
Kivéuvog kataypatog eivat pétplog | uPnAadg
TOTE VO GUVEXLOTEL N avtl-ooteoanoppoPnTiki

aywyn
Khan AA, J Clin Densitom. 2017;20:8-24



OxL AD ywpic EvoeLén

Increase in AFF Risk with BP Use is Greater For Normal Pre-treatment
BMD vs. Osteopenic & Osteoporotic BMD for Each BP Duration
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Dennis M. Black, Bisphosphonate Use and Risk of AFF Varies by Pre-treatment BMD Level: Results from the
Southern California Osteoporosis Cohort Study (SOCS)

ASBMR 2018



Xewplopoli enti epdavionc alyoug oto Hnpo HE YPOAUUA
ateAoUC Kataypotoc o acBeveic mov Aappavouv AD
n Denosumab

1) H avti-ooteoanoppodnTiki aywyn vo dtakonel dpeoa
2) Antodpuyn $optLonG Tou OKEAOUG

3) 'EAeyxo¢g aoPBeotiov, Brtapivng D, kat AAAwWV HETABOALKWY TTAPOAYOVIWV KOl

610pOwon, eav anatteitat

4) Evnuépwon Tou acBevoU OTL T CUMITTWHATO HIopPEl va eEEALXO0UV Kal aKON
OTL oL TPOoPUAAEELC utopEl va pnv anotpEPouv Eva ATUTIO KATOYHLO TOU |nplaiov

5) Tepunapatién pnopei va 600¢i, aAAd untapyxouvv acadn dedopéva

OLTLOTEAECHLOLTLKOTNTOLG

6) Eav to aAyog dev eAattwOel o€ 2-3 HAVEG 1} €AV avantuxBei avnouxntkn pavpn

YPOMHA KOTAYHATOC, TOTE Unopel va cuotnOei npodpulaktiki NAwon

Dell R, Osteoporos Int. 2018;29:1277-1283.



Benefits and Risks

Motor Vehicle Accidents Osteoporosis
100 100
90 Wearing seat belts 90
80 reduces the risk of 80 Treatment with
70 serious crash-related 4 bisphosphonates
8 injuries and deaths by reduces the risk of
60 about 50% 60 fractures by about 50%
50 o0
40 40
30 30
20 20
10 10
0 0
njuries & Wearing Seat Belt Fractures Fractures ONJ+
Deaths Seat Belt Injuries Untreated Treated AFFE

There are about 2.3 million adults treated in ERs each year for injuries from MVAs and about 2
million osteoporotic fractures each year. The risk of seat belt injuries and serious side effects from
osteoporosis treatment is very small in proportion to the benefits. Data from multiple sources.




Comparative Risks

2668

Any Fragility Fracture (1)

87

Hip Fracture (1)

Anaphylaxis from PCN Shot [N 32
Death by MVA Il 11

Death by Murder [ 6

ONJ- Osteoporosis Patient

0.7

Death by Lighting Strike in NM | 0.6

(1) Women age 65-69 (from Swedish
National Bureau of Statistics and

database of Olmsted County, MN, USA.)

0 10 20 30 40 50 60 70 80 90 100
Risk per 100,000 People per Year

Kanis JA et al. Osteoporos Int. 2001;12:417-427. Pharmcoepidemiol Drug Saf.
2003:12:195-202. National Center for Health Statistics. JADA. 2006:137:1144-1150.

www.nssl.noaa.gov/papers/techmemos/NWS-SR-193/techmemo-sr193-4 .htmi




gAC iz o ] CLINICAL GUIDELINE

Treatment of Low Bone Density or Osteoporosis to Prevent Fractures in O'SI']VlEC ACP
Men and Women: A Clinical Practice Guideline Update from the Mawog 2017
American College of Physicians

Recommendation 1: ACP recommends that clinicians offer pharmacologic treatment with
alendronate, risedronate, zoledronic acid, or denosumab to reduce the risk for hip and vertebral
fractures in women who have known osteoporosis. (Grade: strong recommendation; high-quality
evidence)

Recommendation 2: ACP recommends that clinicians treat osteoporotic women with
pharmacologic therapy for 5 years. (Grade: weak recommendation; low-quality evidence)

Recommendation 3: ACP recommends that clinicians offer pharmacologic treatment with
bisphosphonates to reduce the risk for vertebral fracture in men who have clinically recognized
osteoporosis. (Grade: weak recommendation; low-quality evidence)

Recommendation 4: ACP recommends against bone density monitoring during the 5-year
pharmacologic treatment period for osteoporosis in women. (Grade: weak recommendation; low-
quality evidence)

Recommendation 5: ACP recommends against using menopausal estrogen therapy or menopausal
estrogen plus progestogen therapy or raloxifene for the treatment of osteoporosis in women.
(Grade: strong recommendation; moderate-quality evidence)

Recommendation 6: ACP recommends that clinicians should make the decision whether to treat
osteopenic women 65 years of age or older who are at a high risk for fracture based on a
discussion of patient preferences, fracture risk profile, and benefits, harms, and costs of

medications. (Grade: weak recommendation; low-quality evidence)
Qaseem A, Ann Intern Med, 9 May 2017
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EAC e Py CLINICAL GUIDELINE

Treatment of Low Bone Density or Osteoporosis to Prevent Fractures in O’SI']VlEC ACP
Men and Women: A Clinical Practice Guideline Update from the Mawog 2017
American College of Physicians

Recommendation 1: ACP recommends that clinicians offer pharmacologic treatment with
alendronate, risedronate, zoledronic acid, or denosumab to reduce the risk for hip and vertebral
fractures in women who have known osteoporosis. (Grade: strong recommendation; high-quality
evidence)

Recommendation 2: ACP recommends that clinicians treat osteoporotic women with
pharmacologic therapy for 5 years. (Grade: weak recommendation; low-quality evidence)

Recommendation 3: ACP recommends that clinicians offer pharmacologic treatment with
bisphosphonates to reduce the risk for vertebral fracture in men who have clinically recognized
osteoporosis. (Grade: weak recommendation; low-quality evidence)

Recommendation 4: ACP recommends against bone density monitoring during the 5-year
pharmacologic treatment period for osteoporosis in women. (Grade: weak recommendation; low-
quality evidence)

Recommendation 5: ACP recommends against using menopausal estrogen therapy or menopausal
estrogen plus progestogen therapy or raloxifene for the treatment of osteoporosis in women.
(Grade: strong recommendation; moderate-quality evidence)

Recommendation 6: ACP recommends that clinicians should make the decision whether to treat
osteopenic women 65 years of age or older who are at a high risk for fracture based on a
discussion of patient preferences, fracture risk profile, and benefits, harms, and costs of

medications. (Grade: weak recommendation; low-quality evidence)
Qaseem A, Ann Intern Med, 9 May 2017
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v Ot pevpatoAoyol
Kot 5 €tn AP

Management of oral bisphosphonates treatment by
rheumatologists and determinants of therapeutic

changes: a case-vignette-based study stop Change
) Baseline
C. Roux"** + G. Baron" « K. Briot™ « B. Roux" « B. Cortet®’ « T. Thomas™’ N = 426
5 +«—— | — 9
6 Months
N =329
Mavov 4,2% twv acBsvwyv dtatripnoav tnv idla v I W
oywyn ywa 5 £€tn, kat aAAayn tng Ospaneiag p—
(6rakomn R aAAayn) cupBaivel oto 20-30% twv N =230
MEPUTTWOEWV OE KAOE eniokePn. Auto 11 *— | —> BB
ko@oploTtnKe ano tnv cuppopdwon otnv aywyn, 2 vears
, . . N =161
1o eninedo tou CTX, tnv petafoAn tov upoug Twv
’ 7 ’ 15 <+ l —> 56
acOevwv ko tnv epdavion orovSuAikou
’ 3Y
KOLTOLY LOLTOG. N =90
34 «— | —> 38
5Years
N=18
C. Roux, Osteoporos Int (2017) 28:3339-3345




AAyopLOpoc Oeparneiac o€ LETEPHNVOTTOUCLAKEG YUVOLKEC UE
OOTEOTOPWON OE HaKpoxpovia xopnynon AD

Post-menopausal women treated with oral (= 5yrs)
or IV (23 yrs) BPs

l

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

\/ \‘u

Reassess benefits/risks Hip BMD T-Score <-2.5®
Consider continue BP “ or OR
change to alternative therapy 2 high fracture risk (@)
Reassess every 2-3 years

\'cs‘ I No

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
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ORIGINAL ARTICLE Ala Konﬁ TWV A(D ustd
Effects of discontinuing oral bisphosphonate treatments 2 é'[rl QVQ)Vﬁ q

for postmenopausal osteoporosis on bone turnover markers
and bone density

NTX CTX
25 25
— |bandronate
& = g Alendronate
g On Treatment § On Treatment — Risedronate
g 254 S - £ 254
g *| 8
g -50= 3 & -50=
2 -7 5 Off Treatment =2 75 T Off Treatment
N k
100 T T T T -100x T T T T
0 1 2 3 4 0 1 2 3 4
years years
PINP oC Bone ALP
25 25 25
2 2 £
g On Treatment 2 On Treatment % On Treatment
g .25+ E -25 g -254 ‘ 1
§, 50 :?’, 50 g, 50 -
g 7 Off Treatment g 75 Off Treatment 75 Off Treatment
2 - S >, R
-100 ] 1) 1] 1 -100 L} L) ) L) -100 L] T L] L]
0 1 2 3 4 0 1 2 3 4 0 1 2 3 4
years years years

The percentage change from baseline in biochemical markers of bone resorption (NTX, CTX) and bone formation
(PINP, OC, Bone ALP). Data are shown as least squares mean and 95% ClI for the three bisphosphonate
treatments. (Difference among treatment groups; *P < 0.02, **P < 0.004) Naylor KE, Osteoporos Int. 2018;29:1407-1417
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ORIGINAL ARTICLE Ala Konr’I TWV Aw ustd
Effects of discontinuing oral bisphosphonate treatments 2 étn avwvr’] q

for postmenopausal osteoporosis on bone turnover markers
and bone density

TH BMD LS BMD
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On Treatment Off Treatment On Treatment Off Treatment
-5 | | 1 | -5 ] | | |
0 1 2 3 4 0 1 2 3 4
years years

The percentage change from baseline in BMD at the total hip (TH) and lumbar spine (LS). Data
are shown as least squares mean and 95% ClI for the three bisphosphonate treatments. The
period on treatment is shown as the shaded area; the period off treatment is not shaded.
(Difference among treatment groups; *P < 0.02, **P < 0.004)

Naylor KE, Osteoporos Int. 2018;29:1407-1417



Mpootateutikn 6pacn twv AD peta tnv
Sdrakomn tnc Oepameiog

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



Tu Oa oupBet pe to Drug Holiday;

Table: Hip fracture Rate for BP Drug Holiday >2 years

Women, n Crude Incidence
Number of hip Rate per 1000 Adjusted* Hazard
Cohort fractures, n person-years Ratio (95% C1)

Any BP 160,369 4,823 14.0 1.22(1.11-1.34)
Alendronate users 81,287 2,245 13.1 1.28(1.12-1.46)
Risedronate users 9,823 269 13.8 1.45(1.00- 2.11)
Zoledronate users 13,885 367 180 1.31(0.94- 1.82)
Prior fragility fracture 6,914 430 37.4 1.38(1.01-1.89)

160.369 yuvaikeg cupneplteAndOnoav otnv avalvon kat 36% vnoBAROnkav os drug

holiday twv A® yia >12 uivec. ZUVOALKQ, KOTA TNV SLAPKELA LEONC

napoakoAovOnong 2,7 stwv, urtnpav 4.823 Katdypota .oxiov. e cUyKpLon HE
000UG ouvEéxLoav tnv xpnon AM®, n ocuxvoTNTA KOTOYHATWY TOU LoXiou ATav
ONMUOVTLKA avénUEVN oTLg Yuvaikeg tov urtoBAROnkav os drug holidays twv AD.

Curtis J, et al "The impact of bisphosphonate drug holidays on fracture rates" ASBMR 2018; abstract 1006.




ORIGINAL ARTICLE JBMR
Effectiveness of Oral Bisphosphonates in Reducing G I OP KOLL A q)

Fracture Risk Among Oral Glucocorticoid Users: Three
Matched Cohort Analyses

M Amine Amiche," Linda E Lévesque,’ Tara Gomes,*? Jonathan D Adachi,* and Suzanne M Cadarette'?

Unexposed (reference) Exposed Unexposed HR [95%Cl]
Alendronate Hip 20 38 - 0.46 [0.25-0.80]
(n= 3,945 pairs) Vertebral 80 147 . 0.52 [0.39-0.68]
Forearm 16 26 . 0.73 [0.38-1.39]
Humerus 9 10 . 1.00 [0.35-2.85]
Etidronate Hip 81 93 e 0.87 [0.65-1.17]
(n= 8,464 pairs) Vertebral 145 243 . 0.59 [0.48-0.73]
Forearm 27 40 . 0.73 [0.44-1.20]
Humerus 16 27 . 0.61 [0.31-1.18]
Risedronate Hip 30 52 . 0.58 [0.36-0.90]
(n= 5,825 pairs) Vertebral 96 190 . 0.47 [0.36-0.60]
Forearm 33 36 - 0.97 [0.60-1.58]
Humerus 21 21 - 1.05 [0.57-1.94]
All bisphosphonates Hip 131 183 . 0.71 [0.57-0.89]
(n=18,234 pairs) Vertebral 323 552 . 0.58 [0.51-0.66]
Forearm 76 98 . 0.81 [0.60-1.11]
Humerus 46 56 . 0.85[0.60-1.21]

H aAevdpovatn ko n puledpovatn pewwvouv katd 50% tot —————r—r—rr1
OTIOVOUALKAL KOLTALYLOLTOL KOLL TOL KOLTALYLOLTAL TOV LoXiou og 002 06 112 16 222
acOeveig tou AapBavouv HaKpOXPOViwG KOPTIKOELSK Amiche MA, J Bone Miner Res. 2018;33:419-429
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Percentage Change (LSM 1 95% Cl)

MeA£tn tng nopeiog tou CTx Kot petaBoAn BMD petd amo Sietn
oywyn He Denosumab ka dtakomnn
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Parent Study Extension Study
All on DMAD Treatment Observation
o——

b &b L & o v a2 0 =
) G TEEEEN IO R TR IR mEiB e

0 05 1 15 2 3 4 5 3 7 8 9
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Awokom) tou Denosumab
HETA 8 £TnN OCUVEXOUC OLYWYNG

McClung MR, Osteoporos Int 2017; 28:1723-1732



“24 patients with rebound-associated vertebral
fractures following denosumab discontinuation”

1008

Clinical features of 35 patients with 172 spontaneous vertebral fractures
after denosumab discontinuation: a single center observational study Elena
Gonzalez-Rodriguez*, Berengere Aubry-Rozier. Delphine Stoll. Didier Hans.
Olivier Lamy. Lausanne Umiversity Hospital, Switzerland

Tuunépaopa: Meta tnv Stakonn tou denosumab, yuvaikeg < 65 etwv £Xouv
VPNAOTEPO APLOUO AUTOHATWY KALVIKWY OTTOVOUALKWV Kataypatwy (AKZK) kat o€
A€oV oUVTOMO SLdoTnpa amnod yuvaikes >65 etwv. Ta AKZK sivat moAu cofapn Kat
ouXVN KAWLKN €MLTAOKN HETA TNV SLakormr) Tou denosumab. Amoauteitat KAEwoTh
nopakoAovOnon ywa 2 £tn peta tnv dtakonn tou denosumab. Ta AD pnopet va

HELWoOUV To pavopevo rebound otnv dtakomn tov denosumab.
ASBMR 2018



Vertebral Fractures Following Discontinuation of Denosumab: a Post-hoc Analysis of
the Randomized Placebo-controlled FREEDOM Trial and its Extension’

A majority of participants who sustained a vertebral fracture after discontinuing denosumab had
multiple vertebral fractures, with greatest risk in participants with a prior vertebral fracture.
Therefore, patients who discontinue denosumab should rapidly transition to an alternative
antiresorptive treatment.

A B
25 y y 25 QOn-treatment  Off-Lreatment
KaOe katayua
e w20 281820
3 e B MoAAanAd ormovOUALKA KaTaypoto
= 3. 2 ‘ -5 gl:’
® .2 o g
= 1
z 2, T
£g" | 2510
w - 1 =S
gl ) 28 ,
= > 2 \
I 1 I |
0 n | L I —
PBO DMAD PBO DMAD
r= 116 156 19 121 r= 26 70 05 94
Participant-years = 2164 832 G87.1 157.3 Participant-years = 2305 863 1007.4 1589
N =122 N =255 N=122 N =255

Exposure-adjusted rates of (A) any and (B) multiple vertebral fractures in participants with prevalent vertebral
fractures who received placebo or denosumab in the FREEDOM study and denosumab in the Extension before
(white bar) and after (gray bar) discontinuing treatment. DMAb: denosumab; PBO: placebo; r: rate per 100
participant-years.

Steven R Cummings, Serge Ferrari, Richard Eastell, et al, Journal of Bone and Mineral Research, 2017, Nov 2



ORIGINAL ARTICLE

[ 4
Retrospective evaluation of serum CTX levels after denosumab Dma b uovo

discontinuation in patients with or without prior s .
exposure to bisphosphonates usta Aq),

L Rl e
p=0.003

p=0.005
In 12 patients who discontinued Dmab A it
after multiple (5, range 3-9) injections " .
without prior exposure to BPs, mean CTX
levels as measured on average 11.3 g 1-5‘_ ) S
months (range 6-23) after the last Dmab é’ o P
injection were above the upper limit of = | e
premenopausal range (mean +114%, 91 .
range 28-320%, p = 0.003-0.005 vs . T — %
previous BPs BP naive Prior BP One Dmab

B. Uebelhart, R. Rizzoli, S. L. Ferrari, Osteoporos Int 2017; 28:2701-2705



Contents lists available at ScienceDirect

Bone

journal homepage: www.elsevier.com/locate/bone

Review Article

Discontinuation of Denosumab therapy for osteoporosis: A systematic @Cmsmrk
review and position statement by ECTS

Elena Tsourdi *°, Bente Langdahl ¢, Martine Cohen-Solal @ Berengere Aubry-Rozier ©, Erik Fink Eriksen y
Nuria Guafiabens &, Barbara Obermayer-Pietsch ™, Stuart H. Ralston’, Richard Eastell ¥, M. Carola Zillikens "*

Based on current data, denosumab should not be
stopped without considering alternative treatment in
order to prevent rapid BMD loss and a potential
rebound in vertebral fracture risk

European Calcified Tissue Society (ECTS) Elena Tsourdi, Bone 105 (2017) 11-17



A® peta tnv dwakonn tou Denosumab

== NO consolidation
== 70L consolidation at 9 months

ALN consolidation at 6 months

Bone turnover
markers

Alendronate Alendronate
start (ALN) cessation

[ |
T 6 12T8 24 Months

Last denosumab  Zoledronic acid
injection Injection (ZOL)

Metd tnv tedevtaia 66on tov denosumab n and tov oTOpATOC AAEVEPOVATH PEMEL VAL EEKLVAL
OTOUG 6 MAVEG, EVW N €yxuon ZO va yivel peta 9 pveg. Oepaneia va 600l yia 1 €tog.

Chapurlat R, Joint Bone Spine. 2018 Oct;85(5):515-517
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ORIGINAL ARTICLE

Two-year persistence and compliance with osteoporosis

therapies among postmenopausal women in a commercially

insured population in the United States
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Bepamneiog oTNV 0GTEOMOPWON:
Neotepa dedopéva yia tnv
Sradoxikn aAAayn pappAKwv



Chame (%)

] ~&- Teriparatide— denosumab *

Change (%)
|

Mpwta teputapatidn, petd Denosumab

Lumbar spine Switch

-~ Denosumab» teriparatide
—&— Combination—denosumab

0 ] 12 lk 2?4 310 316 4l2 4'8

Months

Leder BZ, Lancet 2015; 386: 1147-1155
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ORIGINAL ARTICLE

The effects of switching daily teriparatide to oral bisphosphonates y y

or denosumab in patients with primary osteoporosis METOA AyWwyn UE
1 4

Kosuke Ebina' - Jun Hashimoto® - Masafumi Kashii' - Makoto Hirao' - 6 o

Shoichi Kaneshiro® - Takaaki Noguchi' - Yasunori Tsukamoto® - Hideki Yoshikawa' ts p lnap atl rl ’
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Ebina K, J Bone Miner Metab. 2017;35:91-98



Importance of prompt antiresorptive therapy in postmenopausal
/ women discontinuing teriparatide or denosumab: The Denosumab
and Teriparatide Follow-up study (DATA-Follow-up)

DATA DATA-Switch DATA-Follow-up
24 months 24 months 12-23 months -
Teriparatide :} Denosumab l_‘> No Treatment g
Denosumab J’—f, Teriparatide }:} VS g
Combination ,‘:{) Denosumab \—> Treatment
randomized non-randomized

H BMD otov auX£éva Tou pneLaiov HELWONKE MEPLOGOTEPO OE AUTOUG IOV
SLékoPav to denosumab (-5.8 +4.0%), ano ekeivoug tov StEkoPav tnv
tepunapoatién (-0.8 £2.6%, P=0.008). H BMD oAwkoU Loxiou emiong HELWONKE
TLEPLOCOTEPO OE AUTOUG tovu ditékoPav to denosumab (-5.6 £2.5%) ano
gkelvoug tov StEkoPav tnv teputapatiodn (-2.1 £4.5%, P=0.03). e avtiBeon ot
petaBoAn tnc BMD otnv OMZZ ftav nopopota HeTaél avutwy rntov StEekoyav to
denosumab (-10.2 +4.7%) ko ekeivwv movu dtEkoPav tnv tepurapoatidn (-9.5
+7.8%, P=NS).

Leder BZ, Bone. 2017 May;98:54-58



Caled Tissue Int (2017) 101396403 @
DOT 1L ID0700221.01 70295y Y Y
AD peta oo

14
Effects of Teriparatide and Sequential Minodronate on Lumbar teplnapatlan

Spine Bone Mineral Density and Microarchitecture
in Osteoporosis
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Miyaoka D, Calcif Tissue Int 2017; 101:396-403
MINO (orally at 50 mg/once monthly)



ORIGINAL ARTICLE MAYO

CLINIC

(7%

Eighteen Months of Treatment With
Subcutaneous Abaloparatide Followed by

6 Months of Treatment With Alendronate in
Postmenopausal Women With Osteoporosis:
Results of the ACTIVExtend Tnal

Zxnuota SLtodoxtkNG
Oepamneiog otnVv ooctEOMOPWON:
AAevdpovatn peta 18 pRveg
Apnalonapatiodn

ACTIVExtend, an extension of ACTIVE, enrolled patients who completed 18 months of ABL-SC or PBO in ACTIVE to receive up
to 24 additional months of open-label ALN; there was 1 month between the studies to re-consent patients.
Results: Of 1243 eligible ACTIVE patients, 1139 (92%) were enrolled in ACTIVExtend beginning November 20, 2012.

Patients with new morphometric

A

vertebral fractures (%)
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"P<.00! vs PBO. Relative risk, 0.13;95% CI, 0.04-0.41; P<.00 | vs PBO/ALN.

Change from baseline (%)
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“P<.001 vs PBRO: 'P<OO| vs PBO/ALN. at month 19

Cosman F, Mayo Clin Proc. 2017;92:200-210
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ORIGINAL ARTICLE

Romosozumab or Alendronate for Fracture
Prevention in Women with Osteoporosis

4093 Patients were enrolled

A Incidence of New Vertebral Fracture

Patients (%)

AAevdpovartn peta
Romosozumab
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2 oy
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Saag KG, N Engl J Med. 2017 Sep 11



No Treatment Post-Trial

Calcified Tissue International 25+
https://doi.org/10.1007/500223-018-0404-6 >
ORIGINAL RESEARCH —% - N=3
5 E 18
3 <
Bone Loss After Romosozumab/Denosumab: Effects & 101
of Bisphosphonates § s l
Anne M. Horne' - Borislav Mihov' - lan R. Reid'%? = Nisl Trisi End Trial Tn:;nd
End + 1y End + 1y
Lumbar Spine Total Hip
’ ’ ’ ’ _ 25 . Zoledronate Post-Trial
Ooctikn armwAeLa peta dLokorn § .-
Romosozumab/Denosumab kat AD . : -
@ é 10
’ y ’ y N 0 .
BMD (cav % petafoAn ano tnv evapén tng LeAETNG Al Tutas i ek st} i
FRAME), oto T€A0G TG HEAETNG, OTOV SLOLKOTINKE TO Lumbar Spine Total Hip
denosumab, kat éva £tog apyotepa. H xoprynon - Domashrie Pos sl
{oAevdpovikoU £xeL mIOava KAAUTEPO ATIOTEAEGHLA z
3 20 N=5
otav yivetal 7-8 MNVEG LETA TNV TEAEUTALO EyXUON gt
O
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Horne AM, Calcif Tissue Int. 2018;103:55-61 - Trial Trial End Trial Trial End
End +1y End +1y
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To néEAAov otn Oepareia TNC 0oTEOMOPWONG:
AvooAikn Oeparneio PLE OAVILOWHOTO EVOVTL TNC
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Schematic model of osteocyte function as a sender and receiver of Wnt signaling

Joeng KS, J Clin Invest. 2017;127(7):2678—-2688



A Change in Bone Mineral Density at the Lumbar Spine B Change in Bone Mineral Density at the Total Hip
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ORIGINAL ARTICLE ‘ Xopnvnon avwvnq thv
Fracture Prevention with Zoledronate OO0TEOTTEVLA

in Older Women with Osteopenia
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No. at Risk
Placebo 1000 976 928 895 846 804 792

Zoledronate 1000 980 945 916 890 857 844
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ZUUITEPACHATOL

H napouciaon anod ta MME twv omtaviwyv oveEMLOU UNTWV EVEPYELWV TNG
b aAPUAKEUTIKAC QYWY C OTNV OOTEOTIOPWOTN EXEL TPOKAAECEL TAYKOOMLOL
Kpion otnv Oepaneia

To FRAX givau amapaitnto yia T Oepaneutikéc anopAceLC oTnV

ooTEOMEVIA

Ta AD nopapévouv N MPWTN EMLAOYN OTNV 00TEONOPWON 60O KAl TNV
OOTEOTIOPWOT OTLO KOPTLKOELON

Dappaka OIwE n teputapatidn kat to denosumab dev npémnel va

Slakomrovtal Ywpic va akoAouBel n xopniynon €vog avtl-ooTEOKAOLGTLKOU

dappakou



