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JKOTIOC TNG MEAETNG Atav va Kaboplosl tov kivbuvo ONJ oe real word mAnBuoud pe ooteomopwon
avVAAOYO LE TO OVTLOOTEOKAQOTIKO pappako mou eAapPavav (BPs vs. Denosumab). Ta datopo mou
urtoBANOnkav oe TouAdxlotov pla DXA e€€taon oupmneplAndOnkav oe untpwo aobevwy (registry) g
Swiss Society of Rheumatology amno lavoudpto 2015 pexpt ZenmtepBplo 2019
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* Xpnotpornolndnkayv toco avadpoplkd dedopéva avadopLkd LE TIC TIPONYOUEVEC OVTL-
OOTEOTIOPWTLKEC AYWYEC OCO KOl TIPOOTITIKA Sedopéva LeETA TNV GUAANOYH TNC KOOPTNG.

* OAa ta dtopa urtoBANROnkav og TouAdyxlotov pio DXA scan kot akoAoUOwC
napakoAoBouvtav kaBe SUo-TpLa XPOVLO AVAAOYQ LLE TOV KATAYHATLKO TOUG Kivouvo Kal TN
BepameuTIKA OTPATNYLKN TIOU EMAEXONKE.

*  AVTI-00TEOTIOPWTLKI Bepareia xopnyouvtayv o€ TEPLMTWON KATAYUATOC EUBpavoToTNTAC N
vPnAov Kataypatikou Kivdéuvou.
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N\,

9’956 participants with at least one DXA scan between
01.10.2015 and 30.09.2019

|

Patients with anti-osteoporotic therapy* No therapy**
n=3135 n=6821

Ny, > e —
Denosumab and/or Bisphosphonates SERMSs/Teriparatide
n=3068 n=125/n=244
6 suspected ONJ | | 16 suspected ONJ No suspected or
under BP under Dmab confirmed ONJ

5 confirmed ONJ 12 confirmed ONJ

5/11,101 py 12/4236 py
4.5/10,000 py 28.3/10,000 py

Fig. 1. Flow chart with outcome. Flow chart of the study cohort, includ-
ing outcome. *One patient can receive more than one therapy; **except
calcium, vitamin D, or hormone replacement therapy.
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Table 2. Clinical Details of Patients With Osteonecrosis of the Jaw (ONJ)

Patient Drug Time to Stage
no. Age® Causative event BP therapy® holiday Dmab© healing Therapy Risk factors Location =~ AAOMS®
12 ONJ under Dmab therapy , , , ,
1 76 Peri-implantitis 4 years ALN, 2 years 4 months 6 years 1 year Nty YPNyYopn STCOUK(DGH n 0“0'6(1 Tov Dmab
ZOL (oTNV TAELOVOTNTO TOV TEPUTTMOCEDV <6 UNVEC)
2 59 Dental extraction 9 years ALN 2 years 6 years 1 year
3 74 Periodontitis .5 years | 4 months
4 74 Periodontitis Syears | 5months | Xe avadpopukn peAétn 240 06TEOTOPOTIK®OV
5 79 Denturso?r:fsssure 8 years ALN 4 years 3 years 2 months acOsVhY TOL SXdMBOWOW (XVTlOG’ESOTEOp(DTlKﬁ
6 84 Periodontitis 3 years IBN iv 1 year 3 years 3 years OWCOYﬁ Kot DTCOBXT’]GHKOW (013 SEJOUY(DYﬁ O0VTIOV
7 63 Denture pressure 7 years ALN/IBN iv 2 years .5 years 1 month y 87[01)7\(1)61] s ONJ eYlve Ge 18 HIVES
points (Bane, Accepted 22 Fehruary 2023)
8 84 Dental extraction 6 years ALN/IBN iv 15 months ||2.5 years § 4 months Surgical Breast cancer, Al Mandible 2
9 77 Dental extraction 2 years 2 months Surgical Smoking, RA Mandible 2
10 71 Dental extraction 5 years ALN 6 years 1.5 years | 14 months Suieaisal Looalde s bloo bl 3
11 66 Dental extraction 9 years ALN years 1.5 years | 3 months XpoviKn SIdeSla egpomgiag VB Dmab 1
12 67 Periodontitis 6 years ALN 2 years 1 year 14 months c , , 2
5 ONJ under BP therapy (TAeovOTNTO TOV TEPMTOCEMV < 3 £T1))
1 82 Denture pressure 11 years ALN 2 years Surgical (>1 None Mandible 1
points OP)
2 60 Peri-implantitis 8 years ALN/IBN iv 6 months Surgical (>1 Smoking Maxilla 1
OP)
3 62 Dental extraction 11 years ALN/IBN iv 6 months Surgical Smoking Maxilla 2
4 54 Dental extraction 3 years ZOL 3.5 years Surgical RA, diabetes, Mandible 2
glucocorticoids
5 71 Peri-implantitis 5 years ZOL 4 months Conservative None Mandible 1

Al = aromatase inhibitor; ALN = alendronate BP = bisphosphonate; Dmab = denosumab; IBN =
2Age (years) at onset.

®Therapy before ONJ was diagnosed.
“Official staging according the American Association of Oral and Maxillofacial Surgeons (AAOMS).”’

ibandronate; iv = intravenous; OP = operation; RA = rheumatoid arthritis; ZOL = zoledronate.
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B Dmab
20= 1 Drug Holiday
Il BPs

10 11 12|13 14 15 16 17
] 1 J

ONJ under Dmab ONJ under BPs

Fig. 2. Overview of cumulative treatment duration and treatment sequences of patients with ONJ. BPs = bisphosphonates; Dmab = denosumab;
ONJ = osteonecrosis of the jaw. The bars represent the treatment sequences of all patients with ONJ (n = 17; ONJ developed during denosumab therapy
in 12 patients and during BP treatment in 5 patients). Nine of the 12 patients with denosumab-related ONJ had previous BP treatment and a drug holiday
between therapies, but no patients with BP-related ONJ had any prior therapy.
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Table 3. Rates and Ratios of Osteonecrosis of the Jaw (ONJ)

A. ONJ event rates®

Patient-years

No. of events

Rate per 10,000 patient-years (95% Cl)

Entire cohort 17,951 17 9.47 (5.89 to 15.23)
Treatment
Drug holidays 2614 0 0.00 (0.00 to 0.001)
BPs 11,101 5 450 (1.87 to 10.82)
Denosumab 4236 12 28.3 (16.09 to 49.9)
B. Risk of ONJ by treatment
HR (95% Cl) p Value
Crude analysis Drug holidays o°
BPs Reference
Denosumab 3.49 (1.16 to 10.5) 0.026
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® O kivduvog tng ooteovekpwong yvabou ntav uPnAotepoc o aoBevelc mou EAafav
Bepamneia pe Denosumab oe ox€on pe aoBeveic tov éAaBav BPs (hazard ratio 3.49,
95% Cl 1.16 to 10.47, p = 0.026).

© H Beparmeia pe BP ntpv tnv aAAayn o€ denosumab pmopet va givat €vag enutAéov
mopayovtog Kivduvou ya tnv avamtuén ONJ.
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Meploplopotl

. Agv eAéXONnKav og eninedo poutivac yia ONJ avtoi ov éAaBav aywyn, Onwc yivetal oTLg
T(POOTITIKEC MEAETEC. 'ETOL N EMLMTWON TWV OTOMATIKWY EMLITAOKWV KAl KUPLWCE TWV
MPEWLHWV oTtadiwv tnE Unopel va UMoeKTUNONKE. OL TEPLOCOTEPOL ATTO TOUC ULOOUC
aoBeveic pe ONJ eixav AAOMS otadlo 213, evw gival o cuxva ta otadla 1 ko 2
ouvnowc.

. O enutoAacpog tng ONJ o€ dtopa ou dev EAaBav avIL-0GTEOTIOPWTLKN aywyn Knopel
ENMiong va UMOEKTIMRONKE e dedopévo ot To awareness ota pwipa otadia (stage 1) ONJ
OTO YEVIKO TTANBUOUO elval XapunAotepo o€ oxéon e Toug a.oBeveig ou Aapfdavouv BP
denosumab.

> H opada mou peletnBnke ovumneplé aPfe aobeveic pe deuteponabr ooteondopwon
(glucocorticoid- induced osteoporosis) | AANEC cuvoonpOTNTEC. AUTECG OL GUVOONPOTNTES
aroteAouv Evav enutAéov napayovia Kivéuvou yia ONJ.
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Meploplopot

. OL BeparmeuTikol XELPLOMOL NTOV ETEPOYEVELC KAVOVTAG TN OTATLOTLKN aéloAdynon SUCKOAN.
AvTILETWTILOAV TN HEpOANP o e OTATIOTIKEC SLOPOWOELS, CUYKEKPLUEVA UE EEAPTWHEVEC
arto To XPOVO CUUHETABANTEC yLa TIG akoAouBiec Bepareiag Kal TPOCAPUOYEC YLO T
XOLPOKTNPLOTLKA TWV 0loOeVWV.

. Movo Aiyol aoBeveic éAafav SERMs R teriparatide, €10l n epunVela TWV OMOTEAECUATWY
gylve pe tpoooxn. 2tn BiBAloypadia €xouv nepypadel meputtwoelg acbevwyv pe ONJ tou
Aappavav SERMs.

Aev utipxav S€80UEVO OXETIKA LLE OTPATNYLKECG TPOANYNG.
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4+ H ECTS (European Calcified Tissue Society) avayvwplog ottL UTIAPXEL CUYXLON HETAEL
KALVLKWV yLaTPpWV Kat odovtlatpwv 6cov adpopd TNV 0CTEOVEKPWON yvAabou Kal tTnv
LSavikA MPOANYP N Kal AVILUETWTILON AUTAC, TiBavotata Adyw dtadopwv OXETIKA LE TOV
OPLOMO, TNV ENLMTWON, TA XOLPAKTNPLOTIKA KOL TRV QVTLLETWTILON.

+ Oulovuyypadeic €éBsocav otoxo va anocadnvicouv SLAPOPEeC MTUXEC TNC OCTEOVEKPWONC
nov odeiletal oe xopnynon dapuakwv (Medication Related Osteonecrosis of the Jaw)
ovapeoa o€ SLoLPOPETIKEC KATNYOPLEC ACOEVWV TTOPEXOVTAC CUOTACELC TIWE UITOPOUUE VOl
LELWOOUE TOV KivOUVO KoL VO QVTILETWTILOOUE E TOV KaAUTEpO Tpomo tnv MRONJ o
KaBe katnyopia acBevwv.

4+ OLovuotaoeslc Sev eival grade-based. Aedopévng tng EAAewng high-quality dedopévwy, n
TOLOTNTA TNE ETLOTNMOVLKAC TEKUNPilwong elvat xapunAn kot autod Ba kablotovos abUVAUEC
TLC OUOTAOELC.
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H ONJ eilval pa ortavia aAAd coBapr Kataotaon ou eKSNAWVETAL LLE LOL ) TIEPLOCOTEPEC
TLEPLOXEG VEKPWONG 00TOU TOU arokKaAUTTeTal 1) unopei va dtamiotwOel péow ouplyyiou
HECO OTNV OTOMATLKY) KOLAOTNTA ] EKTOC AUTAC OTNV YVOOOTIPOCWTILKA TIEPLOXN KOl ETILUEVEL
yla touAdyiotov 8 eBSopAdeC xwplc amokplon otnv KATAAANAN aywyn.

ONJ gival o cuxvn otnv Katw yvaBo aAAd pmopei va ekdnAwBel kat otic Suo yvabouc.

Mrmopei va cuvodeletal amo otowxeia pAsypovic (moévo, epuBnua, dtaminon Kot oo
anwAegLa odovtoc.

Av KoL UTtopEL val CUMBEL auTOOTOL, OTLC TTEPLOCOTEPEC NMEPLITTWOELC ELVOL ATTOTEAEC AL
KAmoLa¢ 080VTLKNAG epyaciag, Ty. e€aywyn 0d0vtoc 1 AAAO YyvoBOooTOUATLKO XELPOUPYELD

Ot odovtokuPeAdikeC dAeyHOVEC HmopEL va tponyouvtal TNE EUPAVIONG TOU VEKPWUEVOU
ootou.

Amnovoia LotoplkoU aktvoBOAnong R LETAOTATLKAG VOGOU ot yvaBo sival anapaitntn
npounoBeon yla va eriBefoawbel n dtayvwon tng ONJ.
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Table 1. Regimen of antiresorptive agents according to underlying bone disease

Osteoporosis CTIBL Bone metastases
Dose Frequency Dose Frequency Dose Frequency
Bisphosphonates

Alendronate 70 mg by mouth Weekly 70 mg by mouth ~ Weekly - -
Risedronate 35 mg (75 mg) by mouth  Weekly (2 consecutive d/mo) 35 mg by mouth ~ Weekly - -
Ibandronate 150 mg by mouth Monthly 150 mg by mouth  Monthly 50 mg Daily

3 mg IV Every 3 mo - = 6 mg IV Every 3-4 wk
Pamidronate - - 60 mg IV Every 3 mo 90 mg IV Every 3-4 wk
Zoledronate S mglIV Yearly 4 mgIV Every 3-6 mo 4 mg iv Every 3-4 wk¢

Denosumab 60 mg SC Every 6 mo 60 mg SC Every 6 mo 120 mg SC  Every 4 wk
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Bone - Modifying Agents

Table 2. Nonantiresorptive medications associated with osteonecrosis of the jaw development

Class Representatives
Glucocorticoids
VEGEF inhibitors Bevacizumab, aflibercept
I TKIs Sunitinib, imatinib, cabozantinib, sorafenib, regorafenib, axitinib, pazopanib, dasatinib
mTORIi Everolimus, temsirolimus
BRAF inhibitors Dabrafenib, trametinib
Monoclonal Abs against CD20 Rituximab
Immune checkpoint inhibitors Nivolumab, monoclonal Abs against CTLA-4 (ipilimumab)
Lenalidomide
Chemotherapy regimens Cytarabine, idarubicin, and daunorubicin; gemcitabine, vinorelbine, and doxorubicin;

doxorubicin and cyclophosphamide; 5-azacitidine
Leflunomide
Anti-TNF agents Adalimumab




Risk Factors

Local factors

/ npiv Tn xopnynon BPs

Dental infection, periodontal (gum) disease\l

Unfitting removable dentures

Other oral surgical procedures
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associated with ONJ
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Figure 1. Risk factors for antiresorptive agent-related osteonecrosis of the jaw. £
multiple myeloma; ONJ, osteonecrosis of the jaw; VEGF, vascular endothelial gro
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Figure 1. Risk factors for antiresorptive agent-related osteonecrosis of the jaw. £

Risk Factors

Drugs factors
High BMA dose
High BMA frequency
Total time of BMA exposure
Corticosteroids
Anti-angiogenic drugs

Chemotherapy

\ Systemic factors

Diabetes mellitus
Rheumatoid arthritis
Smoking, alcohol, obesity
Anemia, Previous AFF

HIV infection, Sjogren's syndrome

multiple myeloma; ONJ, osteonecrosis of the jaw; VEGF, vascular endothelial gro
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Table 3. Staging according to the American Association of Qral and Maxillofacial Surgeons and the alleged nonexposed variant

Stage Description
At risk Patients treated with bone-modifying agents but without apparent necrotic bone (eg, all asymptomatic
patients treated with antiresorptives)
Stage 0 No clinical evidence of necrotic bone but nonspecific symptoms or clinical/radiographic findings
Stage 1 Exposed and necrotic bone, or fistulae that probe to bone, that are asymptomatic with no evidence of
I significant adjacent or regional soft-tissue inflammation or infection
Stage 2 Exposed and necrotic bone, or fistulae that probe to bone, associated with infection, evident by pain and

adjacent or regional soft-tissue inflammatory swelling, with or without purulent drainage

Stage 3 Exposed and necrotic boneorfistulae that nciated with-pain-and infection -and-at-least one

of the following: athologi fracture((2) extr—oalﬁsula,( ral—atal fistula,)dT (4) radioraphic

evidence of osteolysis exyerrd infer10or bord mandibie-or-floorof the maXitiary

Nonexposed variant (not widely ~ Presence of otherwise unexplained pain in the jaws, fistula, swelling, mobile teeth, or mandibular fracture
adopted) diagnosed after excluding common diseases of the jaw known to cause similar manifestations

Entwduvn e€€EAkwon otn omioBbla yYAwoolkn emidpavela TG KATw yvabou amouoia cUCTNHATIKAG VOCOU 1 XOpAyN
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 Bisphosphonates Related Osteonecrosis of Jaw (BRONJ)

e H enintwon t¢ BRONJ ivat onpavilkd PKpOTEPN OE 0CTEOMOPWTLKOUG aoOeVEiC o€ oXEoN
ME aoOeveiG HE KapKivo.

® Y& TETOLO MANOUOUO (KUPLWC UETEUUNVOTIOUCLOKES YUVOLKEC) ONUOVTLKOC apLlBOUOC KALVIKWY
HEAETWY, TTOU avTLoToLl el o€ > 60 000 aoBeveig-£Tn, £€XOUV AVOKOLVWOEL OTL UTTAPXEL
e\ayLotoc kivbuvocg yia BRONJ. ZUpdwva paAlota e To TEAEUTALO consensus, N ENUTTWOoN TG
o€ ooteonopwtkoUc acBeveic (ON) kupaivetat 1mé 0.01% - 0.06* .
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 Bisphosphonates Related Osteonecrosis of Jaw (BRONJ)

® AVTIUETWG, O QODEVELG LUE KOPKLVO, OTOUC OTIOLOUG N XOPNyNnon Twv BPS OTOXEVEL 1) va
eumodioet tnv CTIBL, 2) va pewwoel tot okeAeTIkA cupupfapata (SREs) kat 3) va PELwOEL TOV
Kivbuvo petaoctacswv (BM), n cuxvotnta tng MRONJ peta amo xopriynon ZOL Kupaivetol amno

o0/ 100/

mrav n xopnynon yivetot ywo BM, kot ard

Uv/0 T 1L.0/0

otav xopnyeitat oav adjuvant

e [podavwe o 7TLo CNUAVTIKOC TaPOYoVTac ylo auTr T dtapopd eivatl n moAv vynAotepn (~
12-15 @popéecg) boon twv BPs otav xpnoluomolouvtal yLa UETAOTATIKN VOOO O ouyKpLon pe Ofl,
KaBwc Ka, otnv mepintwon tou ZOL, n ueyaAutepn ouyvotnTo TwWV EYYUCEWV .
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« Denosumab Related Osteonecrosis of Jaw (MRONJ)

H enintwon tnge MRONJ ané denosumab givat cadpwe PKPOTEPN OE 0GTEOTOPWTLKOUG
acOeveic og oxéon pe acOeveic pe Kapkivo.

e Hemnimtwon tng MRONJ aué&advel éekivwvtag amo acBeveic mouv AapBdavouy Dmab yia CTIBII,
O€ mnyaivovtag mpog autouc mou to Aappdavouv jyia tpoAnn BM, kal TEAOC O€ AUTOUC TTOU
T0 Aappdvouv *La Bepameia BM.

e FREEDOM / FREEDOM ext —>5.2/10 000 py
e D-Care trial —> (mpwLpog kapkivog paotol)—> 5%
e AoBeveic pe kapkivo mpootdtn - mPoAnYPn 0OTIKWY HETAOTACEWV—> 5%

Ye acBOeveic pe kapkivo avéavel n emintwon tng MRONIJ otav yopnyeitol dtadoyikn
avtikataBoAikn depancia e PAM kat ZOL, kat pe BPs kat Dmab og ocUykplon pe povoBeparneia.

Gnant M, et al; Lancet Oncol. 2019;20(3):339-351; "Smith MR, et al. Lancet. 2012;379(9810):39-46.; Coleman R, et al. Lancet Oncol. 2020;21(1):60-72
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« Other antiresorptives agents

e Raloxifene (few cases) - no other SERMS
e Teriparatide (none)

e Romosozumab (2 cases 12 months after - confounding factors (tooth extraction/ not
well fitting denture)

* No case of ONJ has been reported with hormone replacement therapy, although
estrogen exert a more potent antiresorptive effect than RLX, perhaps because of its

limited current use. _ _ _
Chiu WY, et al. J Clin Endocrinol Metab. 2014;99(8):2729-2735.

Pontes HAR, and Cerqueira JMM. J Craniofac Surg. 2018;29(3):e257-e259.
Baur DA, et al. Quintessence Int. 2015;46(5):423-428.
Cosman F,etal. N Engl J Med. 2016;375(16):1532-1543.
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Kataypatikog kiyduvo

Kivbuvocg yia CTIBL events

N yw BM o€ ao MRONJ

[

MNnoa va kaboplooupe TNV KAAUTEPN NMPOCEyyLon o€ KAOE acOevn pag




Osteoporotic patients

/

“ Before initiating antiresorptive therapy

!

Assess for risk factors including
co-morbidities, lifestyle habits
and drugs (see figure 1)

N M

|| Low ONJ risk- | High ONJ risk ||
| .

Educate patient about Minimize risk
maintaining optimal factors:
dental health by:

AfloAdynon nopoayoviwv
dUvou (ouvoonpadtnteg,
NOeLeg, Ka pappaka)

-stop smoking,

- tooth brushing (3 reduce alcohol

times daily)
- stop or reduce

-cleaning between drugs that increase

teeth with daily risk, where possible

interdental brushing (see figure 1)
- advise patient to Snbuur M.
have a dental Z1oTaon TV acBevwy yia
check-up, if not vtiatpiko check up
performed recently e i




Osteoporotic patients

\

-consider stopping oral
BP therapy at least one
week and restarting
after healing of the
dental procedure (4
weeks) *

- consider postponing
zoledronate infusion
after healing of the
dental procedure (4
weeks) *

-Do not stop denosumab

-Consider appropriate
perioperative antibiotic
regimen

-if appropriate,
especially in patients
with high fracture risk,
start teriparatide during
BP suspension

On antiresorptive therapy in case of surgical dental procedure

l

Assess for risk factors
including co-morbidities,
lifestyle habits and drugs
(see figure 1)

When present try to
minimize them

\

High ONJ risk Low ONJ risk
-Do not stop
{ . . . BP therapy
Oxt dwakomn tnG Oeparmeiag pe
BP kot denosumab (ektéAeon -Do not stop
TWV XELPOUPYLKWV denosumab
napfuBacaw\f?:T 5-6 unva) Consider

appropriate
perioperative
antibiotic
regimen




Osteoporotic patients

\

-consider stopping oral
BP therapy at least one
week and restarting
after healing of the
dental procedure (4
weeks) *

- consider postponing
zoledronate infusion
after healing of the
dental procedure (4
weeks) *

On antiresorptive therapy in case of surgical dental procedure

l

Assess for risk factors
including co-morbidities,
lifestyle habits and drugs
(see figure 1)

When present try to
minimize them

\

-Do not stop denosumab

-Consider appropriate

perioperative antibiotic
regimen

-if appropriate,
especially in patients
with high fracture risk,
start teriparatide during
BP suspension

High ONJ risk Low ONJ risk
_;Etou(onr'] Twv BP yia pla eBdopada !
4 ; . -Do not stop
PLV KOl EMaVEVAPEN LETA TNV
, , , BP therapy
ToVAwon - 4 eBéopuadeg peta)
r -Do not stop
e Dyt dtakon tou Denosumab denosumab
| Consi
-Consider

e Av UNtApPXEL TTOAU VP NAOG

R ; appropriate
OLTOLYLOLTLKOG KivOUVOG TOTE

perioperative

poteivetal n Evapén tepunapatiéng | antibiotic
QT TNV SLAKOTT TWV F regimen
\pwodovikwv

ST




Cancer patients

/e

Before initiating antiresorptive therapy

ki ik Sk i

1 KaAn uytewvi twv doviiwv

gvapén twv BMA

otov odovtiatpo KaBe 6 PAVEG

e Metd tnv évapén Twv BMA enickewn

f , .
e YtoxpewTtiko to odovtiatpiko check up

* H odovTtLatpLlKEC MAPEUBAOCELS - KUPLWG
| OLXELPOUPYIKEG VaL yivovTal tpLv Tty

P = Il e B e

-Minimize risk factors:

-stop smoking, reduce
alcohol

- stop or reduce drugs
that increase risk,
where possible (see
figure 1)

-dental check-up
screening is
mandatory

- if needed, perform
dental procedure (i.e.
tooth extraction
before starting BMA)

- educate patients on
maintaining optimal
dental health

-after initiating BMA
therapy, a dental visit
is recommended
every 6 months




Cancer patients

« SUTTON KE ToV OYKOAGYO TIoU Bat HELS o%rlglggtlesorptlve therapy in case of surgical dental procedure

kot Oa oulntioel pe Tov acBevn tO{()GTOC - [

] 0deAog tnG cuveEXLong (Letwpévog kKivouvog
OKEAETIKWV cLUBapdtwyv (SREs) kat kaAUtepn
rnolotnta {wng aAAd avénpévog kivouvog ONJ).

Assess for risk factors
including co-morbidities,
lifestyle habits and drugs (see

L figure 1)

- T T AT, When present try to minimize
-Start appropriate ™ them
perioperative antibiotic l
regimen The oncologist should balance
For surgical procedures, refer the reduction of skeletal related
to an oral maxillofacial ' event and improved quality of
surgeon or oral oncology life obtained with BMA and the
center having awareness of possible risk of ONJ related to
ONJ the BMA drugs (see figurel)

and discuss it with the patient

Stopping or continuing BMA
should be carefully considered*




Osteonecrosis of the Jaw and Antiresorptive Agents
in Benign and Malignant Diseases: A Critical Review

Organized by the ECTS

A.Dental procedures during antiresorptive therapy

Patients at low risk of ONJ

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

Elective dentoalveolar surgery, simple extractions, and procedure{that do not involve ostWre considered to be of low risk

Placement of dental implants entails small risk

Antimicrobial mouthwash before/after procedure is advised. Systemic antibiotics are 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 (74)? No supporting evidence
Cancer patients
Do not discontinue bisphosphonates®<

Do not discontinue denosumab



Osteonecrosis of the Jaw and Antiresorptive Agents
in Benign and Malignant Diseases: A Critical Review
Organized by the ECTS

A.Dental procedures during antiresorptive therapy

Patients at high risk of ONJ
Mild conservative treatments (restorativ)g&

LLOUVTOL TILO OUVTNPNTLKEG Bepareiag (EvO00SOVTIKEG- AMOVEUPWOELG OVTL TWV
ywywv.Artoduyn oyyELOCUOTIAOTIKWY avalodntikwy. Aroduyr Kakomoinong twv oUAwv. Xopriynon

Nonsurgical endodontic treatment has 3§80tk

Root canal treatment and/or decoronation p

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

OVED CXLIH4CUO0I (£259%)

Denture wearing not prohibited (avoid exerting excessive pressure or friction) (79)

Antiresorptive treatment management M

Osteoporotic patients
Bisphosphonates could be discontinued (at least 1 wk before and until surgical site healing) (84, 245)°

Do not discontinue denosumab—perform procedure preferably 5-6 months following last injection (245, 246)—perform next denosumz
injection 4-6 wk after the procedure but not > 4 wk later than it should be done

Consider replacing antiresorptives with teriparatide?

No data on romosozumab

ancer patients

ersonalized decision in agreement with treating oncologist, weighing risk of ONJ against risks of SREs

Bisphosphonates could be discontinucd
@term denosumab disconti@eg, 3 wk before and 4-6 wk after dental procedure has been advised) (247)- ~no clear benefit”




Osteonecrosis of the Jaw and Antiresorptive Agents

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

« Management of OJN

Table 4. Adjuvant therapies applied in management of osteonecrosis of the jaw

During conservative management During surgical management

® Bone marrow stem cell intralesional transplantation (219) e Laser-assisted surgical debridement (220, 221)

e Leukocyte and platelet rich fibrin membrane placement * Preoperative antibiotic treatment followed by laser and wound local treatment
(183,222,223) with platelet-rich plasma applications (224)

e Ozone (225) ¢ Surgical debridement in combination with platelet-derived growth faftor (183)

® Pentoxifylline (226) e Intraoperative fluorescence guidance (227, 228)

¢ Vitamin E (226) * Longer-term preoperative antibiotics (229)

e Hyperbaric oxygen therapy ¢ Adjunctive therapy with hyperbaric oxygen combined with surgery (230, 231)
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o 2KOTIOG TNG case-control peAETNG ATav va a&LloAoyroeL tponyoueva avadePOUEVEC
OUOXETLOELC YEVETIKWV Ttapayovtwy pe tnv ONJ.

@  EmutAéov, va BpeL yevetikoug mapayovteg Kivduvou yia ONJ xpnolpomowwvtag GWAS yla va
gvtornioel moAupopdLopolC (SNPs) He OTATLOTIKA ONUAVTLKEC SLadOoPEC 0T CUXVOTNTA PETAEY
aoBevwv pe ONJ Kal papTUpwWV HLE 0OTEOTIOPWON
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Identify ONJ cases from
ONJ database

First record will be index
record, N=501

Ineligible caszes (N=301), by order of exclusion criteria

- Aged lessz than 55 years at index date, N=46

- With radiation therapy at time of ONJ, N=153

- Without a prescription of anti-osteoporosis in

Potentially eligible ONJ Prescription database prior ONJ, N=102
cases, N=200

Alive (at time of data extraction), N=136: Dead, N=64
- Not at selected DOMS, N=2 (both without cancer and in - With cancer, N=6
pathology registry) - Without cancer, N=58
- In selected DOMS

o With cancer, N=20

Without cancer. N=114 ONJ- Aarhus and Copenhagen (alive): Invited 79, Enrolled 24

ONJ- Esbjerg and Aalborg (alive): Invited 37, Enrolled 17

Controls: Aarhus and Copenhagen: Invited 395, Enrolled 93

o

Controls: Esbjerg and Aalborg: Invited 85, Enrolled 23

Blood or tissue samples for 55 ONJ cases and 125 controls were collected.
Due to the low quality of the tissue samples, final analyses were based on blood samples of 40 ONJ cases
and 124 controls.
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Table 1
Balance of characteristics used to match ONJ cases with control subjects.
Characteristic Cases (n = 40) Controls (n = 124) p-
(counts or quants) (counts or quants) Value
Sex (female/male) 34/6 114/10 0.33
Age, years 67/63.8/73.2 68.5/64/74 0.90
Antiresorptive drug 1785/973/2723 1869/1008/2618 0.47
exposure”
Any previous tooth 47 % 22 % 0.05
extractions
Other oral surgeries 85 % 10 % 0.05
Regular visit to dentist 67 % 90 % 0.05
Paradentosis 31 % 27 % 0.35

The mean, 1st, and 3rd quartiles are reported.
ONJ: osteonecrosis of the jaw.
4 In the form of a number of antiresorptive drug prescriptions, any kind.
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e Results: We detected no significant genome-wide associations. Of the 43 SNPs with ONJ
association in prior studies, none were replicated in our study.

e Conclusions: Even though our study sample is the largest to date, we had limited statistical
power for GWAS but adequate power for replication analyses.

e Qur study provides no evidence for any genetic predisposition to ONJ. Future studies could
increase their statistical power by combining ONJ GWAS datasets and by performing a meta-
analysis or pursuing a sequencing strategy in order to identify rare variants.
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osteonecrosis of jaw based on
the US food and drug
administration adverse event
reporting system database

ZKOTOG n dlepevvnon Twv risk
signals ylo. ooTeEOVEKPpWON
yvaBou mou npokAnOnke amnod
OLVTLOOTEOTIOPWTLKN aywyn
TPOKELUEVOU va oBoUv
nAnpodoplec xpriOLUEC yLa TNV
KALVLKN) alopaAELaL.

Aedopéva amnod to cvoTnua

avadopac TwV AVETOUUNTWY Mpotyumpevos 6po
evepPYELWV Tou FDA amo

lavouaplo 2004 pExpL Zemt

2021

}

Data M

(n=14004981)

erging

I

De-duplicating
(n=13952316) ~

I

Data Mapping and
Normalizing

RxNom
MedDRA V24.1
FDA Orangebook

Data Cleaning
(Excluding reports with
missing or wrong data)

Demo(n=11772097)
Drug(n=34120752)
Reaction(n=34019824)
Indication(n=15069319)

Y

Drug-Reaction Pairs (AE pairs)
(n=4752410)

Drug= Bisphosphonates and Denosumab and Rom osozumab

Role code= PS

PT=0steonecrosis ol Jaw or Exposea Bone m Jaw I

r=18921)

Primary suspect drug

AE signa

1 analysis

Further statistical analysis




Real-world study of
antiresorptive-related
osteonecrosis of jaw based on
the US food and drug
administration adverse event
reporting system database
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FIGURE 2
Reporting years of antiresorptive-related to osteonecrosis of the jaw collected from FAERS (number of reports).

18,421 avadopéc yia urtoP ol 00TEOVEKPWONC YVAOOU OXETLIOMEVN LE AVTL-OCTEOTIOPWTLKI AywyNn

Ol avadopee petwvovtal arno to 2017 (awareness?)
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AladpopeTtikad pappaka Exouv dLadopeTikeS evOeiels kal £ToL kKal oL avadopeg (signals) umopet va Stadpépouv

Alendronate (98.17%), f |

H [0)
risedronate (95.36%), ﬁ mainly used in patients

etidronate (100.00%), ith osteoporosis

romosozumab (100.00%),

and ibandronate (74.52%) L )

zoledronic acid (90.02%),

pamidronate (88.24%), t mainly used in patients with
ors.

and denosumab (62.87%)

mainly used in patients )
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e H kAwvikn €kBaon Atav mopopola aveéaptNTwE GapUakou.

OL kataypadec-6NAWOELS Eylvav KUpLwe oo enayyeApatiec vyeioag.

e OL KUpLEC TIEPLOXEC TNS UdNALoL TTou dNAwoav eplotatikd ONJ ATav SLadopPETIKECS yLa
Stadopetika dappoka

e Mgplotatikd ONJ Aoyw ANYPng LoAedpovikov kataypadnkav kKupiwg anod Evpwnn (51.23%).

e Alendronate, denosumab, and risedronate SnAwOnkav kupiwc ano Eupwnn kat NotLa
AHEPLKA.

pLOTATIKA AOyw ANPnc romosozumab avadEpBnkav kuplwc amd Notia AREPLK.
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pamidronate (ROR = 494.8)

zoledronic acid (ROR =
431.9),

denosumab (ROR = 194.8),
alendronate (ROR = 151.2),
risedronate (ROR = 140.2),
etidronic acid (ROR = 64.5),
ibandronate (ROR = 40.8),

romosozumab (ROR = 6.4).

FIGURE 3
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ROR for ONJ with antiresorptive drugs. Notes: ROR values for drug names is calculated regardless of indications. ROR values for the italics is
calculated by different indications.
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Indication (Dose, frequency)

ROR (95% CI)

Zoledronic acid 1

Ma'ignancy (4 mg, Q4W) - P e

------ et 50,8 (45.7, 55.8)

Metastasis (4 mg, QZW) -] e SRRSRCIEES ...................... 79.6 (74.0, 85.5) I

Osteoporosis (4 mg, Q4W) =

................................................. 1.2 (0.8, 1.7)

osteoporosis (5 mg’ QY) il s B SN

6.7 (5.8, 7.7)

Denosumab 1

Ma"gnancy (120 mg, Q‘W) - H. ................................................ .

A

" Metastasis (120 mg, Q4W)

Metastasis (60 mg, Q6M)

69.4 (61.5, 78.3)

466.5 (435.9, 499.2) 1

1.3 (0.7, 2.4)

Osteoporosis (60 mg, Q6M) =8

6.5 (6.0, 7.1)

.......................................................................................

Prophylaxis (120 mg, Q4W) =

FIGURE 4

109.7 (80.6, 149.3)
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ROR for ONJ of denosumab and zoledronic acid with different doses and frequency for different indications. Note: Q4W, every 4 weeks; Q6M,

every 6 months, QY, every 1 year.
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FIGURE 5

The onset time of ONJ induced by the antiresorptive drug

with different indications. Abbreviation: ONJ, osteonecrosis of the
jaw; Os, osteonecrosis-related indications; Ca, cancer-related

indications
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% This study has several advantages due to the real-world research and data mining
techniques used

%* Underreporting, incomplete reporting, false reporting, inaccuracy, and arbitrariness.

% Second, the absence of the total number of patients receiving treatment makes it
impossible to calculate relevant statistics, such as the incidence rate for each suspicious
drug.

% Third, it is challenging to propose specific important risk factors between drugs and ONJ
due to a lack of information.

% Fourth, FAERS-based pharmacovigilance studies have limitations due to the SRS principle
described above.
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Incidence and risk factors for medication-related
osteonecrosis after tooth extraction in cancer patients—A
systematic review
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Objectives: Antiresorptive medication has been reported to be associated with

medication-related osteonecrosis of the jaw (MRONJ). This systematic review aims

at investigating the incidence of and risk factors for MRONJ after tooth extractions

in cancer patients treated with high-dose bisphosphonate and denosumab (BP
and DS).
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All 7 were observational studies and 4 had a control group.

All included subjects had a malignant disease and received high-dose intravenous medications.
All studies reported a high and consistent incidence of MRONJ after tooth extractions.

The follow-up period varied widely, and long follow-up periods showed that MRONJ may occur
several years after the extraction was performed (3 years).

Regarding the incidence of MRONJ, the review shows limited to moderately strong

scientific evidence.
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FIGURE 2 Risk of bias summary: review of authors' judgment of
risk bias items for each study in the review
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TABLE 2 Investigated potential factors (marked with X) that could have affected the occurrence of MRONJ in included studies. Statistically
significant differences in results marked with elevated letters a-m

Walter Saia Yamazaki Bodem Manfredi Soutome Hasegawa

Risk factors et al. (2008) et al. (2010) et al. (2012) et al. (2015) et al. (2017) et al. (2018) et al. (2019)
Age X X X X X X X

Gender X X X X X X2 X
Tobacco use - - X - X X X

Alcohol use = = X = = = =
Antibiotics preoperative - X X X X - X

Choice of medication X X X X X = X
Duration - - - - - - xP
Immunosuppr. therapy = = = = = = X©
Corticosteroids - - X X - - -
Chemotherapy X - X - - - X
Diabetes X - X - - X X

Type of cancer - X - X X - -
Prevalence of inflammation - X Xe - X XE X"
Preventive measures X = = = X X X
Extraction protocol - - - XK - - X

Extraction site - - - X X - xXm
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were observational studies and four had control groups: A total of 550 patient
treated with BP and DS were identified of w 271 had received tooth extraction

after medication onset. Due to significant heterogenicity in the collected data, only a

qualitative analysis was performed. The MRONJ incidence after tooth extractions
varied betwee_11% and 50% ;5 the patient level. MRONJ occurred up to 3 years

after the tooth extraction.|Teeth affected by inflammation before the extraction and

additional osteotomy during the surgical procedure were identified as risk factors.




Received: 30 June 2022 Revised: 5 November 2022 Accepted: 22 November 2022

DOI: 10.1002/cre2.698

REVIEW ARTICLE Clinical and Experimental Dental Research _— WILEY

Incidence and risk factors for medication-related
osteonecrosis after tooth extraction in cancer patients—A
systematic review

Nurda Schwech'? | Johanna Nilsson?® | Pia Gabrel?*

¢ H tormukn dAeypovr) mou UTtAPXEL KaL TIpLV TNV e€aywyn tou dovtiol auéavel tov Kivouvo tng
MRONJ.

¢ Hmeplodovtikn dAeypovn og cuvduaoHO HE TNV avTikataBoAlkn aywyn odnyel og évapén tng
OOTEOVEKPWONG KoL OXL N €€atywyn tou dovtiol autn Kab’ eautn.

+ Hdladoxikn Bepameia kat n peyalutepn Stapkela xopnynong twv Gopuakwyv auaveL Tov
kivbuvo MRONJ.

¢ AovTtia mou pmopouv va amokataotaBolv Ba npenel va Byaivouv Apeca - TTPLV TNV AVATTTUEN
dAeyuovnc oe aoBeveic pe kapkivo touv AapBavouv high-dose BP kat DS.

+ /NOYW TTOU HIKPOU XPOVOU NHLICETAC {WNC, | TPOOWPLVH OLOKOTT toU denosumab [ItopeL va

EXEL KATIOLO VOnpa, evw dev €xeL vonua n dtakomn tTwv Sldwodovikwy.




ZUMTIEPACLOTOL

e H entimtwon tng MRONJ o€ ooteomopwTtlkoug aoBevelc eivat Toco xopnAn rov ev MPEMEL val
amoBappuUVEL TN Xoprynon Toug yla Lelwon Tou Kataypotikol Kivduvou.

e O kivduvog elvatl peyaAutepoc o aoBeveic pe veomlaoia kot Kuplwe otav autot urtofaAAovtat
OE XELPOUPYLKEC OOOVTLATPLKEG EMEUPAOELC (
KoL tpoUTtapxeLl pAeypovn

® JTIC TIEPLOOOTEPEC UEAETEC KAl HETA-AVAAUOELG 0 aoBeveic pe Kapkivo kat BM, n emimtwon tng
MRONJ itav uPnAdtepn os doouc EAaBav Dmab os oxéon pe BP (ZOL-treated).

e O tUToC¢ Tou BP ennpedlel tov kivéuvo avamntuénc MRONJ : H entimtwon tng MRONIJ eivat
onuavtika uPnAdtepn otn xopnynon IV. BPs og oxéon pe ta per os BPs kupiwg Adyw Tou oTL Ta
per os xopnyouvtal yia KaAonOelg Adyouc evw ta |V yla kakon0eleg oe apKetd UPNAOTEPEC
OO0ELC KOl cUXVOTNTA.



JUMEpAoHATO

e O kivbuvoc yta MRONJ pmopel va eival pikpotepog ota pn alwtouxa-BPs og oxéon pe
alwtouxa-BPs Aoyw tNnG 1o Loxupng avtl-oEeldwTIKAG Kot avtl-pAeypovwdoug dpaong (in
vitro).

e MeyaAUtepn eninmtwon MRONJ pe Dmab kol og ooteomopwTIKOUC aoBevVeic.

e H sequential Bepamneia (6ipwodpovikd —> denosumab / PAM—> ZOL) avéavel tov kivouvo yla
ONJ.

e [eveTikol mapayovteg Klvbuvou dev €xouv emBeBalwbel va cuvdEovtal pe avénuevo kivbuvo
ONJ.

e Asbopévng tng EAAewPng high-quality d£dopévwy, n toldTNTA TN EMLOTNMOVLIKNC TEKUNPLWONG
elval ywa cuotaoelg mpoAnyng eivat xopunAn.

e Awareness ko KaAUtepn ouvepyaoia pe Odovtiatpouc kat OykoAoyouc



Euxoplotw moAU yLa ThV TPOooXN O0C
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