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Meplypappa tne napouoiacnc

= Neotepa S£dopEVA OTNV OCTEOVEKPWON TNG YVAOOU Kol TOL ATUTIOL KATAYLOLTOL

TOU pnpuaiov ano AQD
= Denosumab Kal ooteOVEKPWON TNG Yyvadou
= Alakomn 1} oUVEXLon aywyng AD pe tnv cupnAnpwon 5etol¢ xopriynong;

= Atakom aywync e Denosumab



OoTteoVEKPWON TNC YvaBou

Sook-Bin Woo, Ann Intern Med. 2006;144:753-761

OoteoVEKPpWON TNG Yvadou iva pio mepLloxn eKTeOeLpévou
00TOU OTN CTOMATLKA KOWAGTNTA, N omtoia 6gv KAAUTTTETOL ETTL 8
EBSOUASEC ATLO TNV EVIOTLON TNG MO ENAyyEApATIO UYELQC OE
acOevi mou €xeL AaBel aywyn pe dSipwodovika i denosumab,
Kol Oev €xeL AAPeL akTLVvoBEpATIELO GTNV KPOLVIOTIPOC WITLKI

TLEPLOXN, OUTE EXEL TOTILKN KOKONO et

Moo06t0 69-86% TOU GUVOAOU TWV MEPLITTWOEWV EXOUV

avadepOel peta e€aywyn odoviwv

Khan AA, J Clin Densitom. 2017;20:8-24
Song M, Restor Dent Endod. 2019 Nov;44(4):e42



AD ko ootEOVEKPWON TNC YyvaBou

= AoBevng nAwkiog 76 stwv pe Pevpatoedn
ApOpitida ano 10etiac EAafe aywyn HE
XapnAn 86on koptilovng, AepAouvouidn
20mg 1x1, aAevépovarn pe Brrapivn D 5600
1/eBdopada

= Metd ano 7 €tn, emavinABe oto e§WTEPLKO
LOTPELO HE ELKOVA OOTEOVEKPWONGTNG

yvadou

16ia nepintwolg



Duration of healing (weeks)
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= ‘ExeL mapatnpnBei kaBuotépnon otnv
EMOUVAWON TOU TPOUMOATOC LETA EEOLYWYN
odovtwv og aoBeveicmov Aappavouv
Sidpwodovika yia dtaotnuo LeyoAUTEPO
Twv 5 eTWV

= H kaBuotépnon otnv emoVAwon dev

OswpeitaL ooteovEkpwon tngyvabou

= Jg 274 e€aywy£C 060VTWV Kapia

TLEPLIITWOT OCGTEOVEKPWONG

Shudo A, Osteoporos Int. 2018;29(10):2315-2321
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CrossMark

Case-Based Review of Osteonecrosis of the Jaw (ONJ) and
Application of the International Recommendations for
Management From the International Task Force on ONJ

Ao, Kt A Moo Dt 1. Kendles e i OoTteovEKpwWON TNG yvabou:

David A. Hanley,® Dieter Felsenberg,’ Laurie K. McCauley,” Felice O’Ryan,®
Ian R. Reid,’ Salvatore L. Ruggiero,’"'"'? Akira Taguchi,” Sotirios Tetradis,”

14
Nelson B. Watts,"* Maria Luisa Brandi,'* Edmund Peters,”” Teresa Guise,'* E ' | l6 n u lOon la

Richard Eastell,” Angela M. Cheung,””*"??> Suzanne N. Morin,”’ Basel Masri,*
Cyrus Cooper,?>*%?” Sarah L. Morgan,”® Barbara QObermayer-Pietsch,”’
Benre 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 P. Brown,” Juliet Compston®' on behalf of the International Task Force on
Osteonecrosis of the Jaw

= O Kivéuvoc TnG 00TEOVEKPWONG TNGYVAOouU pe xapnAn 60on AD 1 denosumab og acBeveic e
ooteonopwon ektipartot petaél 1 otic 10.000 ko 1 otic 100.000 ava £toc xpriong, Kat epdaviletol
ghaxiota n kaOoAou avénmévoc o ouykplon He thv epdavion ONJ otov yevikd TANOUGUO tov dev
ExeL AafeL kaBoAov Bepaneio 0oTEOMOPWONG

" Je a0OeveiG LE VEOMAQGUATIKO VOGN LA, N OCTEOVEKPWON TNGYVAOou £xeL Bpebei va pOaveLoe

nocooto 1 ew¢ 15% twv acBsvwv mov Aappavouv uPnAn d6on denosumab R AD

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



Comparative Risks

Any Fragility Fracture (1)

Hip Fracture (1)

Anaphylaxis from PCN Shot [ 32
Death by MVA [l 11

Death by Murder [l 6

ONJ- Osteoporosis Patient | 0.7
Death by Lighting Strike in NM ’ 0.6

(1) Women age 65-69 (from Swedish 0 10 20 30 40 50 60 70 80 90 100

National Bureau of Statistics and .
database of Olmsted County, MN, USA.) 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-5SR-193/techmemo-sr193-4 _html




H pakpoxpovia aywyn pe Denosumab enionc npokaAeil Atumo Kotaypoto
TOU MNPLaLOU KoL OOTEOVEKPWON TNC Yyvabou

. [ Virtual twin® M Long-term
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Risk for osteonecrosis of the jaw higher
with denosumab vs. bisphosphonates
#ASBMR #BoneScienceNews
http://ow.ly/M3FV50IEoBJ

Incidence rates of osteonecrosis of the

jaw in adults with osteoporosis

Bisphosphonate Denosumab
therapy therapy
I @& 5 28 @ 3
per 10,000 per 10,000
person-years person-years




ORIGINAL ARTICLE .]-BLA:I{EJ

Risk of Osteonecrosis of the Jaw Under Denosumab ONT: Notwo GUXVI OE
Compared to Bisphosphonates in Patients With Denosumab I"] A(D;
Osteoporosis
m= Dmab O kivéuvoc yira ONJ Atav
20 1 Drug Holiday uPnAoteEPOG oTOUG IoOEVELG IOV
m= BPs Adupoavav denosumab os
157 oUykplon pe ta AD (oXETLKOC
5 10- kiv6uvog3.49,95% Cl 1.16 to
= 10.47, p = 0.026). NponyoUpevn
5= aywyn pe A® npwv xopnynOeito
o - N denosumab pnopeiva givat
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 EMMPOOoOETOC Kivouvog yLa
I b I gndavion ONJ.
ONJ under Dmab ONJ under BPs

Subjects who underwent at least one dual-energy X-ray absorptiometry
(DXA) examination were included in the osteoporosis register of the Swiss

Society of Rheumatology between January 1, 2015, and September 30, 2019.
Everts-Graber), ) Bone Miner Res. 2022;37(2):340-348



The Jourr_Ja.‘ of Clinical Epdocrinology & Metabolism, 2022, XX, 1-20 =‘
Advanco access pblcation 18 Decomber 2021 i
Reports and Recommendations I:N%%%IQEI% OXFORD y y y
Neotepec odnyieg otnv ONT armo
Osteonecrosis of the Jaw and Antiresorptive Agents 4 ’
prive 9 OLVTL-00TEOKAQOTIKN Oepareia

in Benign and Malignant Diseases: A Critical Review
Organized by the ECTS

Athanasios D. Anastasilakis,”* (2 Jessica Pepe,?>* Nicola Napoli,®>* Andrea Palermo,*
Christos Magopoulos,* Aliya A. Khan,’ M. Carola Zillikens,® and Jean-Jacques Body’

A. Dental procedures during antiresorptive therapy
Patients at low risk of ONJ

Conservative treatments (restorative treatment, non-surgical endodontictreatment, prosthodontic/orthodontic
therapy) are safe

Electfi\lle denic(oalveolarsu rgery, simple extractions, and procedures that do not involve osteotomy are considered to
e of low ris

Placement of dental implants entails small risk

Antimicrobial mouthwash before/after procedure is advised. Systemic antibioticsare also advised in
nonconservative treatments

Antiresorptive treatment management

Osteoporotic patients

Do not discontinue bisphosphonates

Do not discontinue denosumab—perform procedure preferably 5-6 mo following the last injection

Lower doses of antiresorptives? No supporting evidence
Anastasilakis AD, J Clin Endocrinol Metab. 2022, 107, 1441-1460



The Journal of Clinical Endocrinology & Metabolism, 2022, XX, 1-20 -
https://doi.org/10.1210/clinem/dgab888

Advance access publication 18 December 2021 -‘

Reports and Recommendations tNDS%%%Il_hTJ\t( OXFORD

Osteonecrosis of the Jaw and Antiresorptive Agents N EOTEPEC 05 I']VlE(; thv ON r oo

in Benign and Malignant Diseases: A Critical Review OlVTL-0O0TEO KAaGTlKr'I Gspansia
Organized by the ECTS

Athanasios D. Anastasilakis,"*= Jessica Pepe,>* Nicola Napoli,** Andrea Palermo,*
Christos Magopoulos,* Aliya A. Khan,® M. Carola Zillikens,® and Jean-Jacques Body’

Patients at high risk of ONJ

Mild conservative treatments (restorative treatment, removal of dental caries) are usually safe
Nonsurgical endodontictreatment has a small risk—could be an alternative to extraction
Root canal treatment and/or decoronation preferred over extraction

Antimicrobial mouthwash, systemic antibiotics before/after the procedure, avoidance of anesthetic agents that
contain vasoconstrictor, avoidance of gingival tissue damage

Denture wearing not prohibited (avoid exerting excessive pressure or friction)
Antiresorptive treatment management

Osteoporotic patients

Bisphosphonates could be discontinued (at least 1 wk before and until surgical site healing)

Do not discontinue denosumab—perform procedure preferably 5-6 months following last injection —
perform next denosumab injection 4-6 wk after the procedure but not > 4 wk later than it should be done

Considerreplacing antiresorptives with teriparatide
Anastasilakis AD, J Clin Endocrinol Metab. 2022, 107, 1441-1460



TUTTLKA KOIL ATUTTOL KATAYHLOLTOL TOU inpLaiiov

2uvnon (A, B) ko atuna (C, D) katdypota Tov pnpLaiov



ATUuTal KaTAYpOTO TOU pnplaiov oo A

" Tuvaika nAkiog 62 eTwv, o€ CUVEXA
Ayn AD and 10etiog

= AAYOG OTN MECOTNTA TWV HNPWV OO
gounvou

= MARPNG EPYAOTNPLAKOG EAEYXOG
XWPLE EvpAuaTa

16ia nepintwolg



AD kat Atvnta Kataypoata tov Mnpraiov: Avaloyia wdEAELOC
npo¢ Kivbuvo

1200 Fractures prevented

220
Non-vertebral APLOUOC KATOYHATWV TIOU
fractures
(excluding hip) npoAappavovrat, EVOVTL EVOG ATUTTOU
130 KOLTALYHLOLTOG TOU nplotiov mou Oa
Hip fractures , ] )
850 EUPOVIOTEL OE OCTEOTIOPWTLKECG YUVOLLKEG

Vertebral o ]
fractures peta 3 €tn Anyng AP

Dennis M. Black, Endocrine Reviews 40: 333 — 368, 2019



The NEW ENGLAND JOURNAL

of MEDICINE

ORIGINAL ARTICLE

Atypical Femur Fracture Risk versus Fragility 5laKOT[I"] TOUG
Fracture Prevention with Bisphosphonates

C AFFs According to Cumulative Bisphosphonate Exposure D AFFs According to Time since Bisphosphonate Discontinuation
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| Ta ATUTTO KOTAYLOTAL TOU POV au§avovTol JE TV
pHakpoypovia xprion tTwv AQ® Kot LELWVOVTAL HE TNV

Kaiser Permanente Southern
California health care system;
women were followed from January
1, 2007, to November 30, 2017
Among 196,129 women, 277
atypical femur fractures occurred
The incidence of atypical fractures
increased as duration of
bisphosphonate use increased,
from 0.07 per 10,000 person-years
among women with less than 3
months of bisphosphonate use to
13.10 per 10,000 person-years
among those with 8 years or more
of use

Black DM, N EnglJ Med 2020;383:743-53



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

l AAyopLOuoc Ospaneiac oe

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

METE uunvonauolakéq
Yy W YUVQIKEC LE OOTEOOPWON OF
Reassess benefits/risks Hip BMD T-Score £-2.5 &) MGKPOXP()VW XOPﬁVHUH A(D
Consider continue BP ¥ or OR

change to alternative therapy
Reassess every 2-3 years

high fracture risk ¥

Yl lNU

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



Drug Holiday: Mpootatsutikn dpacn twv AD peta
TNV dtaKkomn tn¢ Oepamneiog

H npootateutikn 6pacn twv AD otnv BMD bdlapkel yia 2-3 £€1n
HETA TNV SLaKoT TOUG yLa TV aAevépovartn Kot mbava 1-2 £€tn ywa

TNV unavdépovatn Ko tnv puledpovatn

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



TuLOa ocupPBet 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 yuvaikec cupmnepiteAndpOnoav otnv avaivon kat 36% vnoBAnOnkav o€ drug holiday twv
AD yia >12 pAveg. ZUVOALKA, KOTA TRV SLapKkeLa pEéong mapokoAovOnong 2,7 etwv, unnpéav 4.823
KOTAyporta Loyiovu. Ze oUyKpLon He 060UG ouvEXLoav TNV Xprion AD, n cuxvotNTa KOTAYLATWY TOU
LoXiovu AToV oNMAVTLKA avénpévn oTig yuvaikes mov untoAROnkav oe drug holidays twv AD.

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



The NEW ENGLAND JOURNAL of MEDICINE

A 71-year-old postmenopausal woman presents to you, her

primary care physician, for follow-up. She received a diagnosis

CLINICAL DECISIONS of osteoporosis atthe age of 66 after dual-energy x-ray
absorptiometry (DXA) for routine screening showed a T score of
Continuation of Bisphosphonate Therapy -2.7 at the femoral neck. She has just completed a 5-year course
for Osteoporosis beyond 5 Years of alendronate therapy and did not have any adverse effects.

Her repeat DXA scan showed mild improvementin bone mineral
density, with a T score of -2.6 at the femoral neck.

Option 1 Our patient does not appear to be at particularly high risk for atypical femur fracture since she
Recommend Continuation is not taking glucocorticoids, nor is she very lean (BMI <18.5) — both important risk factors for
of Bisphosphonate Therapy these fractures. Thus, the benefits from further reduction in fracture risk from continued
Richard Eastell, M.D. therapy for an additional 5 years are likely to outweigh the risks of atypical femur fracture in
her case.
Option 2
Recommend Discontinuation Although evidence remains insufficient to reliably predict fracture risk after discontinuation of
of Bisphosphonate Therapy, a molecule that is retained and recycled, perhaps for life, the risks of atypical femur fractures
with Regular Monitoring and osteonecrosis of the jaw along with the available data lead me to favor discontinuing
of Bone Mineral Density alendronate in this woman and then monitoring bone mineral density and markers of bone
Paul D. Miller, M.D., H.D.Sc. turnover to decide whether and when it should be restarted.

Chang LL, N EnglJ Med. 2022 Apr 14;386(15):1467-1469



Kataypata ano diakonn  kabuotépnon doong
Denosumab

lfuvaika nAkiac 64 etwv tov lovvio tou 2020 napouvociaoes Evtovn
ooduadyia n onoia OewpRONKe LNXAVLIKAG aApPXAE Ko
ovTLpHETWIioOnKe pe MZAD kat avaAyntika He pkpn BeAtiwon. Tpelg
ELSOUABEC OPYOTEPO TTAPOUCLOLOE UTTOTPOTIH TOU AAYOUC OTTOTE
unoBANOnke o MRI OMZZ. Mg ta supiporta thg MRI
nitOavoAoynOnke umokeipevo KakoOec voonua, aAAQ 0 EKTEVAC
EPYAOTNPLAKOG EAEYXOC NTAV APVNTLKOG. Eva piva apyotepa t€OnKe
n dtayvwon tTwv noAAATAWY 0GTEOTIOPWTLKWV KOTAYHATWV AGYW

kotBuotépnongtng doongtou denosumab kata 1,5 pva.



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

Number of fractures per vertebra
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Katavopr twv ormovOuAlLkwY KOToyHLATwWV

4,7 kataypato ova acOevi

NeplocotepoL oL acOeveicoe aywyn >2
€tn

OAa ta kataypota 8-16 Hiveg amno tnv
teAevtaia éveon Denosumab

83% twv acBsvwv dev ixav AdBel
TLPONYOUHEVN aywyn

Anastasilakis, AD, J Bone Miner Res. 2017 Jun;32(6):1291-1296



RAVFs: rebound-associated vertebral fractures

Kataypata pe etdiké ma®odpuoiodoyiko untofabpo, Aoyw oAl avénpuévou puOUoU 0OTLKAC
evaAAaync

AoOeveic tov cuvOw¢ to Denosumab xopnynOnke cav npwtn Oepansia

NOyw auv€néEvou puOOU 0GTLKAC EVOAAAYAC TTPEMEL VO AVTLUETWITLOOOUV PE GUVOU QOO
Denosumab i dAAAou LoXUPOU OVTLOOGTEOKAQCTLKOU TTAPAYOVTA KOl TEPLITOLPATIONG

2rniovdulonAaotikn o€ 3 aacOeveic mMpokaAeoe 10 EMUTAEOV KOLTAY LOLTOL GE TLAPOLKELLEVOUC
OToVvSUAOUG TOV EMOMEVO MRV

On-treatment Off-treatment

Lamy O, J Clin Endocrinol Metab 2017; 102: 1086
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Bone et al. J Clin Endocrinol Metab 2011;96:972-80



‘Exel KAk onpoaoio n dtapketa tnc aywyng pe Denosumab o€
NEPLITTWON SLAKOTING

10-
1.0% 1.26%
04— |
1 1 -2.56%
10- 7.0%
| |
LS-BMD FN-BMD

Il > 6 injections
] <86 injections

MetaBoAn (%) otnv ootk MUKvOTNTA
META 12 uAVEC amo tn teAevtaia Eéveon
Denosumab

Makras P, J Clin Endocrinol Metab. 2021 May 12:dgab321



ORIGINAL ARTICLE J-.BMR®

Fractures After Denosumab Discontinuation:
A Retrospective Study of 797 Cases

] =
=
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162 M vertebral fractures =
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denosumab denosumab denosumab o N S R B S B B E N A N N s |'T‘TITI| — 1
123456789 101112131“8?_‘%718192021222324252627282930
Enimtwon twv onmovSUALKWY Kol i OTIOVOUALKWV
KOTOYHATWV % (Ko aplOpOg MEPLIMTTWOEWVY), TTOU Enintwon twv onovéuAikwv Kataypatwv (VFs) 6 €wg 30 HAVeS
avadEpOnkav ouvoAka otoug 797 acBeveig HETA TNV teAeutaia éveon denosumab (215 VFs og 82 aoBeveic)

Burckhardt P, J Bone Miner Res. 2021;36(9):1717-1728



ORIGINAL ARTICLE J-.BMR®

Fractures After Denosumab Discontinuation:
A Retrospective Study of 797 Cases

AOD mpLv Kol HETA TNV
Sdtakomn tou denosumab

Kaplan-Meier vertebral fracture free survival estimates
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Burckhardt P, J Bone Miner Res. 2021;36(9):1717-1728



@
LETTER TO THE EDITOR JBMR

Underestimation of Vertebral Fractures After Enintwon onmovOuAiLkwv
Denosumab Discontinuation KOTOLYLATWV META TNV
Olivier Lamy and Elena Gonzalez-Rodriguez 5laKOTtl"] TOU denosumab

Center of Bone Diseases, Lausanne University Hospital (CHUV-DAL), Lausanne, Switzerland

= Cummings and colleagues: Denosumab discontinuation is followed by a rebound effect with an increase of CTX
above baseline values for 2 years and a decrease of BMD to baseline value after 1 year.(2) Spontaneous clinical
vertebral fractures, most often multiple, occur in the 8 to 16 months (median, 11.2 months) following the last
denosumabinjection.(3) The risk of clinical vertebral fractures in the 12 months following the last denosumab
injection was evaluated at 7.3%. We think that the difference between the previously published data and the
actual study is because the duration of the follow-up was not sufficient to capture all the vertebral fractures.

= A follow-up of at least 16 months after the last denosumab injection is required, or 9 months after the 7 months
from the last dose according to the definition used by the authors. Thus, 25% to 33% of the vertebral fractures
were not captured for the 327 women who discontinued FREEDOM, and 66% to 75% of the vertebral fractures
were not captured for the 678 women who discontinued FREEDOM EXT. We can thus estimate with a follow-up
of 16 months after the last injection of denosumab, that the risk of vertebral fracture is close to 15%.

Lamy O, J Bone Miner Res. 2018 Mar;33(3):547



ORIGINAL RESEARCH

E(i)tlllle Z]:)?Zil Iiil';ellt'eDenosumab: Only Partial Protection ALOLK OTtI"| Denosumab pet &7 é'tl’]
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Osteoporos Int (2012) 23:317-326
DOI 10.1007/s00198-011-1780-1

ORIGINAL ARTICLE

AAevdpovatn petd Desonumab

Final results of the DAPS (Denosumab Adherence Preference
Satisfaction) study: a 24-month, randomized, crossover
comparison with alendronate in postmenopausal women

= AUO opadec 126 kat 124 aocBevwv tov EAaBav to npwto £to¢ alevdpovatn [ denosumab kau
To SeUTEPO £T0C AAAAfav TNV aywyn avtiotoyo

= H péon petaBoAn tng BMD oo tnv Evopén Tou SEUTEPOU £TOUC EWE TO TEAOC TNG LEAETNG YL
tnvopada denosumab/aAevdpovatn ntov OMZZ 0.6% (n=82), oAko Loxio 0.4% (n=92) ko
oxEvag tou pnptaiov -0.1% (n=92)

= H petaBoAn twv emnédwv tou CTX-1 ano tn évapén, oto TEAOC MPWTOU £TOUC KOL 0TO TEAOG TNC

MeAETNC yia TRV opdda denosumab/aAlevépovatn Rrav 0.465 ng/mL (n=75), 0.139 ng/mL
(n=108), kat 0.223 ng/mL (n=92)

Freemantle N, Osteoporos Int. 2012;23(1):317-26
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MeA€tn FRAME: Xopniynon {oAevépovikou i
pL{edpovaTnc yLa Eval £TOC LETA TNV
Sdtakomn tou denosumab

Mean percentage change (+95% confidence intervals) from
baseline at the beginning of the FRAME study to end of trial
when denosumab was discontinued and 1 year later after post-
trial treatment, with nothing, intravenous zoledronate

administered after end of trial, or weekly oral risedronate

Horne AM, Calcif Tissue Int 2018; 103: 55-61
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ORIGINAL ARTICLE

Long-term persistence in patients with osteoporosis receiving
denosumab in routine practice: 36-month non-interventional,

observational study

1158 aoBeveic péong nAkiog 68.4 eTwv Kat
T-score otnv €vapén — 2.7; Nepinov ot
HLOOL ELYOV MOPOUCLACEL Eva
TLPONYOULEVO OCTEOTIOPWTLKO KATAYMO. 2ZE
avaAvon eniBiwonc Kaplan-Meier n péon
OCUUHOpPwon yia 36 HRVECG RTav 50.7%.

H avaAuon Kaplan-Meier untoAoyileLtnv
ocuupopdwon otnv aywyn pe denosumab
HE EMUTPENMOMEVA KEVA 4-, 6-, KOl 8
eBSopadwv.

Borek DM, Osteoporos Int. 2019;30(7):1455-1464
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| SAT0453 | DELAYED DENOSUMARB INJECTIONS AND
FRACTURES RISK AMONG SUBJECTS WITH
OSTEOPOROSIS: A POPULATION-BASED COHORT

STUDY

H. Lyu'?? K. Yoshida®, S. S. Zhao*, X. Garcia-Albéniz®, J. Wei®, C. Zeng®,

S. Tedeschi®, B. Leder’, G. Lei®, P. Tang', D. Solomon?®. 'National Clinical
Research Center for Musculoskeletal Disease, Beijing, China; °Brigham and
Women’s Hospital, Devision of Rheumatology, Boston, United States of America;
*Xiangya Hospital, Central South University, Department of Orthopaedics,
Changsha, China; *University of Liverpool, Institute of Ageing and Chronic
Disease, Liverpool, United Kingdom; °RTI Health Solutions, Barcelona,

Spain; ®Xiangya Hospital, Central South University, Health Management

Center, Changsha, China; "Massachusetts General Hospital, Endocrine Unit,
Department of Medicine, Boston, United States of America

Ztnv peAétn cuunepAndOnkav aocBeveig
nAwkiag >45 etwv ot onoiot Eekivnooav
denosumab yLa ooteondopwon amno tnv
Baon éedopévwv UK THIN, amno to 2010 £wg
10 2019. Aebopéva napatipnong
XPNOLLOTOLRONKAV OE MPOCONOLWON HLOG
«UTOOETIKNG LEAETNG» UE TPiaL
pHecodLaoTipata SG0swv: SLadoyKkn
xopriynon denosumab 24-28 €& peta tnv
nponyoUpevn 6don (“on time”),
kaBuotépnon 4-16 £B6 (“short delay”), ko
kaBuotépnon > 16 €B6 (“long delay”).

Kivbuvoc katayupatoc ano
kaBuotepnuevn xopnynon Denosumab

Table. Rates and Adjusted Hazard Ratios of Fracture

I On-time  Short delay

Composite Fracture

Rate (per 1000 person-years) 59 61.7 854 -
Unadjusted HR (95 %) Ref  105(0.62,1.76) 145(0.95, 2.21) 0.097
Adjusted HR (95% CI) T Hef 103 (083, 169) 144 (096, 217) 0.093
Major Osteoporotic Fracture

Rate (per 1000 person-years) 348 319 58 -
Unadjusted HR (95 %) Ref 092 (055, 153) 167 (0.98, 2.84) 0.074
Adjusted HR (95% CI) T Ref 094 (057 1.55) 1.69 (101, 2.83) 0.056
Vertebral Fracture

Rate (per 1000 person-years) 49 13 104 -
Unadjusted HR (95 %) . S, 3. . o4, 9. 0.006
Adjusted HR (95% CI) T Ref 148 (0.58,3.79) 3.91 (162, 9.45) 0.005
Hip Fracture

Rate (per 1000 person-years) I 10.2 9.6 18.3 I -
Unadjusted HR (95 %) Ref 0.94 (043, 2.04) 1.78(0.80, 3.97) 0.18
Adjusted HR (95% CI) T Ref 097044, ,212) 1.75(0.81,3.79) 0.173

EULAR Annual Meeting 6 June 2020

Long delayl P for linear trend



Elvai mBavo ot ta avtopato moAAamAd
OTIOVOUALKA KOTAyHOTA yivovtol
Sltadoyxika o€ draotnua eBdopddwyv n
OAlywVv pnvVwv

Magnetic resonance imaging of the spine (Panel A) and X-rays
(Panel B) depicting the fracture at T11 in Patient 1. X-Rays
showing the new fracture at L3 in Patient 1 (Panel C).
Computed Tomography of the spine showing the multiple
vertebral fractures in patient 2 (Panel D). X-rays depicting the
first time point fracture at L1 (Panel E) and the additional
fractures at L2, L3, L4, and L5 at the second time pointin
patient 3 (Panel F).

Anastasilakis AD, Evangelatos G, Makras P, lliopoulos A. Rebound-associated vertebral
fractures may occur in sequential time points following denosumab discontinuation: need
for prompt treatment re-initiation. Bone Rep. 2020 Apr 22;12:100267




Kataypata ano diakonn  kabuotépnon doong
Denosumab

Eav n dtdyvwon eixe yivel 2-3 eBOOUASEC LETA TV MPWTNH
gudavion tov alyouc Oa propovoav va eiyav npoAndOei

3-4 KOTAYHOTO OTTO TA GUVOALKA 7




MRI ka oxL anAn aktwvoypodia eni mOavou Kotaypatoc ano dtakomnn
tou denosumab

.”f‘ 4

S\ F
Images of a 57-year-old female who experienced sharp back pain after Lateral spine X-rays depicted vertebral fractures at L1 and L2 in
neglecting her denosumab injection. Initial X-rays of the spine showed a 66-year-old female soon after discontinuing denosumab (a).
no fracture (a) while magnetic resonance imaging at the same time Magnetic resonance imaging of the spine at the same time
showed a Garde 2 fracture at L1 (b) which appeared in X-rays performed revealed additional recent fractures at T10, T11, L3, L4 (b)

2 months later (c)

Anastasilakis AD, Evangelatos G, Makras P, lliopoulos A. Endocrine. 2020 Sep;69(3):516-518.



Fracture risk and management of
discontinuation of denosumab
therapy: a systematic review and

position statement by ECTS

Avoid vertebroplasty and/or monotherapy with
teriparatide

Prompt re-initiation of denosumab

VFx occuring within 1-2 years after
denosumab discontinuation

or

Treat with i.v. zoledronate or oral BPs

or

Consider combination of denosumab and
teriparatide for 2 years followed by zoledronate

Tsourdi E, J Clin Endocrinol Metab. 2020 Oct 26:dgaa756




Progression of Rebound-Associated Vertebral Fractures
Following Denosumab Discontinuation Despite Reinstitution

of Treatment: Suppressing Increased Bone Turnover De nosuma b ustd Tnv
Vlay Not Be Enough Siakorn tou denosumab

Athanasios D. Anastasilakis,’* Georgios T rovas,” Alexia Balanika,’
Stergios A. Polyzos,” Polyzois Makras,” and Symeon Tournis’

(A) Magnetic resonance imaging (MRI) of the spine showing
vertebral fracture at L3 in a 59 years old female soon after
discontinuing denosumab. (B) At the same patient MRI of the
spine 3 months after denosumab reinstitution revealing a new
fracture at L2. (C) Vertebral fracturesat L1 and L2 in a 69 years old
female who delayed her next denosumab dose. (D) At the same
patient, additional at T12, L3, L4, and L5 despite reinstitution of

denosumab treatment.

Anastasilakis AD, J Clin Densitom. 2021 Apr-Jun;24(2):338-340
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ZOLEDRONIC ACID IN WOMEN WITH LOW BONE MINERAL DENSITY A

2 Placebo
70 A 4x0.25 mg
INTRAVENOUS ZOLEDRONIC ACID IN POSTMENOPAUSAL WOMEN A 4x0.5mg
WITH LOW BONE MINERAL DENSITY 60 E ;i; $g
% ® 1x4dmg
lan R. REip, M.D., Jacaues P. BRown, M.D., PETER BURCKHARDT, M.D., ZEBULUN HorowITZz, M.D., = o H0& . § ..
PETER RicHARDSON, M.R.C.P., ULRICH TRECHSEL, M.D., ALBERT WIDMER, DIPL.STAT., JEAN-PIERRE DEVOGELAER, M.D., %% \_ { - e e .§ - .= emem _§ - =" '§
JEAN-MARC Kaurman, M.D., PH.D., PHILIPPE JAEGER, M.D., JEAN-JACQUES Bobpy, M.D., PH.D., g-n: :
AND PIERRE J. MEUNIER, M.D. o E
= .=
Z S
3
O
)

Xpovog dpacnc tou LoAevOPOVIKOU

Serum C-Telopeptide
Concentration (nmol/liter)

Reid IR, N Engl J Med. 2002;346(9):653-61 Month of Study



The Effect of Teriparatide for the Treatment of Multiple
Spontaneous Clinical Vertebral Fractures after Discontinuation of

Denosumab in a Female Patient with Rheumatoid Arthritis:
A Case Report

Teputapatidn yia RAVFs

Following 5-year bisphosphonate treatment, the patient
had 9 injections of 60-mg denosumab every 6 months.
Because of tooth extraction, denosumab treatment was
discontinued, and raloxifene was administered. At 9
months after the last denosumab injection, the patient
experienced severe low back pain. Magnetic resonance
imaging (MRI) and radiograph demonstrated clinical
fracture at the fourth lumbar vertebra. MRI performed at
3 months after first fracture showed two additional
fractures at the second and third lumbar vertebrae.
Teriparatide was administered for management of
rebound-associated spontaneous clinical, multiple
vertebral fractures. Teriparatide was effective for
accelerating the fracture healing and suppressing the

Yu Mori,' Takuya Izumiyvama,' Naoko Mori* and Toshimi Aizawa'

(A) Radiograph before denosumab discontinuation. (B) MRI at 9 months after last
denosumab administration; an arrow indicates L4 fracture. (C) MRI at 3 months
after first fracture; arrows indicate L3 and L4 fractures. (D) Radiograph at 4 occurrence of new fractures. However, 2-year treatment
months after first fracture; arrows indicate vertebral fractures at L2, L3, and L4. of teriparatide did not have suppressive effectof rebound
(E) Radiograph at 2 years after teriparatide treatment

in bone turnover and general bone loss.

Tohoku J. Exp. Med., 2021 May, 254 (1), 57-61



Tepunapatidn kot Denosumab o cuvduacpo Ko dLadoxika

Lumbar spine Switch
20+
~&- Teriparatide— denosumab *
- Denosurmab-» teriparatide
—a— Combination-sdenosumab

154

LederBZ, Lancet 2015; 386: 1147-1155



Curr Osteoporos Rep @ CrossMark
DOI 10.1007/s11914-017-0376-x

THERAPEUTICS AND MEDICAL MANAGEMENT (S JAN DE BEUR AND B CLARKE, SECTION EDITORS)

Teputapatidn Ko
Using Osteoporosis Therapies in Combination Den()su ma b O€ OU V6U acl,lé

Michael R. McClung '

= QOver the first year of therapy, the BMD response to combined therapy was greaterat 6 and 12

months in both the hip and the spine than occurred with either drug alone

= Two reports describing changes in bone microarchitecture and strength in the distal radius and
tibia by HRpQCT at 12 and 24 months in the DATA Trial have been published since the Cosman
review. The effects of combined therapy were superior to that of teriparatide alone in almostall
parameters including total and cortical volumetric BMD (vBMD), cortical thickness and bone

strength estimated by microfinite element analysis of both the radius and tibia.

McClung MR. Using Osteoporosis Therapies in Combination. Curr Osteoporos Rep. 2017 Aug;15(4):343-352



MULTIPLE REBOUND-ASSOCIATED VERTEBRAL FRACTURES AFTER DENOSUMARB DISCONTINUATION
IN RHEUMATOLOGY CLINIC

Gerasimos Evangelatos?, George E Fragoulis?, Alexios lliopoulos!

1.Rheumatology Department, 417 Army Share Fund Hospital (NIMTS), Athens, Greece
2 First Department of Propaedeutic Intemal Medicine, National and Kapodistrian University of Athens, Athens, Greece

Background

Denosumab, a monoclonal antibody against
RANKL, is an effective treatment for
osteoporosis. Discontinuation of denosumab
has been shown to lead in multiple vertebral
fractures in some patients due to a severe
acceleration of bone resorption (rebound-
associated  vertebral  fractures-RAVFs).
Limited data published during the last 2 years

himhlimnhtad thic iccinia

Mowa eivalt n cwotn 6
OLVTLLETWTILON OLUTWV

Patients from our outpatient rheumatology
clinic who were diagnosed with recent
vertebral  fractures  after  denosumab
discontinuation from January 2019 fo
December 2019 were included. Diagnosis
was based on x-ray and/or magnetic
resonance imaging (MRI) of thoracic (T} or
lumbar (L) spine. All cases were the result of
reduced compliance of the patients to the
freatment regmen. A baseline x-ray
examination was available in all patients
included and was compared in order fo
exclude prevalent osteoporotic fractures.
Demographic and clinical parameters were
recorded.

References

Results

Nine patients (8 females) with a mean+=SD
age of 71.3%+11.9 years were included (Table
1). A total of 32 fractures occurred, affecting
median 4 (range 1-6) vertebras (Figure 1).
The mean+=SD duration of denosumab
treatment prior to discontinuation was
54.0+30.1 months, while the mean+SD
fime that RAVFs occurmred after the last

A by Gemieedioon tasmem 00 LT A e 4

conclusions

Denosumab-associated RAVFs usually occur
within 7-12 months after the last denosumab
injection and affect multiple vertebras. Most
cases are associated with long-term (=2
years) denosumab administration without
previous ftreatment with bisphosphonates.
Rheumatologists should be alert of this
complication since the reported compliance in
patients under denosumab treatment is only
46% (1) and the expected incidence of
RAVFs after denosumab discontinuation has
been reported to be 10% (2).

1.Durden E, Pinto L, Lopez-Gonzalez L, Juneau P, Barmon . Two-year persistence and compliance with ostecporosis therapies among
postmenopausal women in a commercially insured population in the United States. Arch Osteoporos. 2017 Dec12(1522
2MeClung MR, Wagman RE, Miller PD, Wang A, Lewiecki EM. Cbservations follewing discontinuation of long-termn dencsumab therapy.

Osteoporos Int. 2017 May:28(5):1723-1732.

Females (%) 88.9%
Age (years) (meanSD) 71.3+119
Affected vertebras 4, 1-6
(median, range)

Treatment duration 54.0£30.1
(meantSD) (months)

Time after last injection 8.812.4
(meants5D) (months)

SAT0464

EPOATTEVTIKN
TWV TTEPLOTOTLKWV;

osteoporotic fractures (%)

Patients receiving drugs 444
affecting bone metabolism
(%)

Patients with previous 33.3
treatment with
bisphosphonates (%)

Table 1. Characteristics of RAVFs and
patients affected. L: Lumbar, T Thoracic,
SD: Standard Deviation

Copyright © 2020 Authar Names and Contact Demals

Figure 1. Multiple vertebral fractures (yellow
ammows - T11, T12, L2-L3) in a patient 7.5
months after the last denosumab injection.
T: thoracic, L: Lumbar

M
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" H LOLKPOXPOVLOL AVTLLETWTTLON TNG OCTEOMOPWONG ME OVTLOOTEOKAQOTIKA
pappako UopeL va EMLITAQKEL LE OTTAVLEG AVETILOUUNTEC EVEPYELEC OTTWG N

OOTEOVEKPWON TNC YVAOOU Kol TOL ATUTTO KOLTAYLOTA TOU LoXiou

= Aev punopei va dtakomnei n aywyn pe denosumab xwpic va 600ei otn cuvéxela

aywyn pe AD



ORIGINAL ARTICLE

JBMR

Duration-Dependent Increase of Human Bone Matrix
Mineralization in Long-Term Bisphosphonate Users with

Atypical Femur Fracture

(A) DMB (g/cm3) and (B) HI (g/cm3) in
non-AFF and AFF groups. DMB values were
significantly higher and HI lower in AFF
group compared to non-AFF in cortical and
cancellous bone. (C,D) X-ray digitized
microradiographs of 100-um-thick section
of iliac bone from (C) non-AFF (woman
treated 8 years with alendronate) and (D)
AFF (woman treated 9 years with
alendronate). DMB = degree of
mineralization of bone; HI = heterogeneity
index.

Farlay D, JBone Miner Res. 2021;36(6):1031-1041
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MeA£tn tng mopeiag tou CTx kat petaBoAn BMD peta amo diet aywyn
e Denosumab kot dtakomn tou
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Bone et al. J Clin Endocrinol Metab 2011;96:972-80

Awakomn tov Denosumab peta 8 £tn ouveXoU¢ aywyng

McClung MR, Osteoporos Int 2017; 28:1723-1732
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Effect of risedronate on bone loss at discontinuation of denosumab

Michel Laroche®"*, Guillaume Couture™”, Adeline Ruyssen-Witrand™ ® Arnaud Constantin®P,

Yannick Degboé®"

Variation in spine BMD

20- aw
104
a
£
2 o Illrll
@ uT |_|_| T
=
104
Post Post
20 Denosumab Risedronate Global
PR QN 2R QO ) Q Q
ST ST e;\q«
L. L. -3
N\ O N
2 ] Q
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PuWebpovatn peta denosumab

Eighteen female patients, aged 69.8 years (56-79), were followed. All
patients were prescribed 35 mg of risedronate per week for 3 months,
starting when the next denosumab injection would have been
administered. We measured BMD at denosumab initiation (T0),
denosumab withdrawal (T1), and nine months after the
discontinuation of risedronate (1 year post-denosumab: T2).

Results: 1 year after denosumab discontinuation, the mean bone loss
at the spine was — 4.6 + 5.2% for the total population, -0.3 + 2.3% in
patients with prior exposure to bisphosphonates, -6.3 + 5.7% in
patients with prior exposure to teriparatide, and - 7.6 + 3.5% in naive
patients. Spine BMD loss after the risedronate bridging therapy (T2 vs.
T1) was significantly lower in patients who experienced prior exposure
to bisphosphonates, when compared to naive patients (p =.0190) and
to patients with prior teriparatide exposure (p =.0176).

Conclusions: Three months of risedronate treatment does not prevent
bone loss in patients who have not been treated with
bisphosphonates before denosumab

Laroche M, Bone Rep. 2020 Jun 25;13:100290



