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Appendix 1 

Materials and Methods 

Background 

The Expert panel was appointed by the Board of Trustees of the Italian Society of Oral Pathology & 

Medicine (SIPMO) and the Italian Society of Maxillo-Facial Surgery (SICMF) in 2010 and 

comprised a multidisciplinary group of clinicians and researchers with recognized expertise in the 

field, who tracked the available literature and released two consecutive sets of Italian 

Recommendations on MRONJ in 2013 and 2020 (see full text) (Campisi, Bedogni, et al, 2020). The 

SIPMO-SICMF recommendations on MRONJ were published as a monograph in the Italian 

language and made available on several websites, with free access content. 

Aims of the Position Paper 

This 2022 Position Paper is an update of the 2020 Italian SIPMO-SICMF Recommendations on 

MRONJ. Patient populations at MRONJ risk were reviewed to include new groups of patients 

receiving novel antiresorptive medications (denosumab) and antiangiogenic agents (AAs), in 

addition to the established cohorts of bone metastatic cancer, Multiple Myeloma and osteoporosis 

patients receiving bisphosphonates (Campisi, Bedogni, et al, 2020; Srivastava, Nogueras Gonzalez, 

Geng, Won, Myers, et al, 2021; Kawahara et al, 2021). The purpose of this position paper is to 

point out several MRONJ debated issues and provide updates on the following aspects: 

epidemiology, disease definition, diagnostic pathway (including the role of imaging), staging, risk 

assessment, preventive strategies, and treatment algorithms. Some common practices at risk of 

inappropriateness in MRONJ diagnosis, prevention, and dental management of patients at increased 

risk of MRONJ have been evaluated elsewhere (Campisi, Mauceri, et al, 2020). 

This Position Paper principally offers concise information for healthcare professionals who 

prescribe medications that increase the individual risk of MRONJ and oral health specialists.  

Methods 

The 2020 SIPMO-SICMF Position Paper on MRONJ was based on an extensive analysis of the 

available literature from January 2003 to February 2020. Overall,639 selected references were cited 

in the three chapters of the published monograph (Campisi, Bedogni, et al, 2020).  

In this updated version, the literature search was conducted between March 2020 and December 

2021to include all new relevant published papers with the aim of confirming or modifying the 

previous set of recommendations. 

The computerized literature search was carried out in the PubMed database for the period 1st 

January 2020 – 31st December 2021using MeSH (Medical Subjects Headings) terms and free terms 

with the following equation “Osteonecrosis AND (Jaw OR Jaws)”, which resulted in further 689 

new articles. The literature search was expanded by manual search to include some congress 

abstracts and papers not comprised in PubMed. Further important papers published in 2022 were 

proposed by single members of the board and included in the final version of this Position Paper. 

The references cited in the included articles were also discussed among the panel members. An 

integrative review approach was used to overview the knowledge base and to critically review and 



 

 

re-conceptualize the most debated issues on MRONJ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

Appendix 2 

Epidemiology (addendum) 

The measures of disease frequency (prevalence, cumulative incidence, incidence rate) in MRONJ 

literature are insufficient and appear sub-optimally reported. 

Prevalence is an estimate of the probability that a particular health condition exists at a particular 

point in time (point prevalence) or over a period of time (period prevalence). It is the proportion 

(not a rate) of the total number of persons who have a condition (numerator) in the total population 

at risk (denominator) during a specified time interval. The numerator includes cases arising before 

and during the time period (regardless of when the illness began). It is very helpful for quantifying 

disease burden (e.g., public health) and relatively easy to estimate. It is usually expressed as the 

number of cases per 10,000 or 100,000 people. Prevalence appears of minimal interest for MRONJ 

in cancer and myeloma patients, whereas it could be of higher value (if ascertainable with adequate 

tools) for MRONJ in osteoporotic patients. 

Incidence measures new cases of a disease that develop in a defined population within a given 

period of time (for example, the number of new MRONJ cases in one year). Incidence of MRONJ is 

very often reported without specifying the period of time. 

Cumulative incidence, also known as incidence proportion (IP) or risk, is an estimate of the 

probability that a particular health condition occurs within a given time interval (for example, the 

probability of MRONJ diagnosis after one, two, or three years of drug treatment) in a population at 

risk of getting the condition at the start of the time interval (i.e., the follow-up period). The 

numerator is the number of new cases of disease during a specified time interval and the 

denominator is the number of disease-free subjects at the start of follow-up. It is always calculated 

for a given period of time (e.g., annual incidence). Cumulative incidence is expressed as a 

proportion of the population at risk (e.g., 3.5% over 5 years) and is a measure of risk; it is the most 

common way to estimate risk. 

The incidence rate, also known as incidence density, or hazard rate, describes how rapidly a health 

condition is occurring in a population of interest over a specific time interval; it is the rate at which 

new events occur in a population. The numerator is the number of new cases of disease during a 

specified time interval and the denominator is the total time (person-years, -months) that disease-

free individuals in the study population are observed over the study period (summed person-years of 

observation or average population during time interval). It is usually expressed as the number of 

cases per time unit (e.g., patient-days, -months, or -years). The use of this measure implies the 

assumption that the incidence rate is constant over different periods of time. When this assumption 

is violated (as in the case of MRONJ after treatment of bone metastatic cancer and myeloma), it 

may be more useful to present incidence data in a plot of cumulative incidence (risk) over time and 

take into account loss to follow-up and competing risks. In survival (time-to-event) analysis, the 

hazard rate is the event rate at a given time t conditional on survival until time t and the Kaplan-

Meier plot can show MRONJ risk. Ignoring competing risks in time-to-event analyses can lead to 

biased risk estimates (mostly upwards), particularly for elderly patients with multimorbidity (Abdel-

Qadir et al, 2018). However, the Kaplan-Meier function seems to be the best tool to estimate 

MRONJ risk over time. 



 

 

Estimates of the proportion of patients receiving bone modifying agents (BMAs) who develop 

MRONJ disease, and MRONJ risk estimates for future patients who will undergo the same 

treatments can be dependent on the following aspects: 

- type of drug (generally higher risk for zoledronic acid (ZA) and denosumab (DMB) in 

comparison with other bisphosphonates) (Campisi et al, 2014; Yarom et al, 2019; Ruggiero et al, 

2022; Anastasilakis et al, 2022); 

- dose of frequency of administrations (generally higher risk after monthly doses), and 

cumulative dose (higher risk for higher total dose) (Ng et al, 2021; Fusco et al, 2022); 

- duration of treatment and time of observation: MRONJ risk increases after prolonged and 

unremitting treatments, but a certain risk is also present after the conclusion of treatment, at least for 

ZA (Del Conte et al, 2010; Ng et al, 2021; Fusco et al, 2022); 

- selection of patients at the denominator on the basis of specific characteristics; in most 

recent randomized trials, for example, only patients with sound oral health were included, so that a 

lower MRONJ frequency could be expected in comparison with real-life patients (Stopeck et al, 

2010; Fusco et al, 2011; Saad et al, 2012; Raje et al, 2018); on the opposite, higher MRONJ figures 

were seen in selected patients with defective oral health (e.g., periodontal disease) and/or 

necessitating dental extractions (Mavrokokki et al, 2007; Yamazaki et al, 2012; Watts et al, 2019). 

Selected examples of MRONJ estimates obtained from the pertinent and most recent literature are 

illustrated in: 

- Table Ia, reporting data from clinical trials and large real-life studies on bone metastatic and 

Multiple Myeloma patients, mostly receiving high doses of ZA and DMB. 

- Table Ib, reporting data from clinical trials and cohort studies on osteoporotic patients 

receiving low doses of BPs (including ZA) and DMB. 

- Table Ic, reporting data from clinical studies on non-metastatic cancer patients receiving 

BMAs with different drugs and schedules to prevent Cancer Treatment Induced Bone Loss 

(CTIBL), with/without attempts to prolong time to disease recurrence as secondary endpoint. 

- Table Id, reporting data from clinical trials on non-metastatic cancer patients receiving 

BMAs with different drugs and schedules aimed at improving cancer prognosis(i.e., adjuvant 

setting). 

- Table Ie, reporting data from cohort studies on patients with Giant Cell Tumor of Bone 

(GCTB) receiving DMB treatment. 

Rough estimates of MRONJ “frequency” largely ranged between zero and more than 20% among 

patients at risk (Table Ia-Ie). 

Recent systematic and narrative reviews generally show a higher MRONJ risk after ZA in 

comparison with other bisphosphonates (pamidronate, ibandronate, oral bisphosphonates), and a 

higher risk after DMB in comparison with ZA (Limones et al, 2020; Jakob et al, 2020; Chen et al, 

2021; Jiang et al, 2021), with some exceptions (Chen and Pu, 2016; Srivastava, Nogueras Gonzalez, 

Geng, Won, Cabanillas, et al, 2021). Review results are often difficult to interpret, due to the co-

presence of patient subgroups who received different drug dosages and schedules with variable 

treatment duration. 



 

 

In populations at higher MRONJ risk (i.e., bone metastatic cancer patients and myeloma patients) as 

well as at lower risk (i.e., patients with osteoporosis or other non-malignant diseases) “incidence” 

(or “prevalence” or “frequency”) data are commonly reported as simple rate (number of observed 

cases as numerator / total population of patients included as the denominator), without a quantified 

observation time. 

Reported MRONJ estimates range between 1% and more than 20% in cancer and myeloma patients 

(Table Ia), and between 0% and 1% in osteoporotic and non-malignant patients (with some 

exceptions) (Table Ib). 

In large randomized trials comparing DMB and ZA in cancer patients with bone metastases or 

multiple myeloma (BM/MM), Kaplan-Meier plots are not reported, and the estimated cumulative 

incidence of “adjudicated” MRONJ is reported at 1, 2 and 3 years (Stopeck et al, 2010; Stopeck and 

Warner, 2017; Raje et al, 2018). In contrast, Kaplan-Meier cumulative incidence estimates reported 

in large “real life” clinical studies show a sharp increase of MRONJ risk when monthly 

administrations of ZA or DMB are prolonged after 2-3 years of treatment (Manfredi et al, 2017; 

Egloff-Juras et al, 2018; van Cann et al, 2018; Loyson et al, 2018; Hallmer et al, 2020; Nakai et al, 

2021; Ueda et al, 2021; Ikesue, Doi, et al, 2021; Ikesue et al, 2022; Hata et al, 2022). 

Limited data show a reduction of MRONJ figures if ZA administrations are given on a 3-month 

schedule, in comparison with continuous monthly infusions (Himelstein et al, 2017; Fusco et al, 

2022). 

Some recent studies pointed out a higher risk of MRONJ occurrence for patients shifted from ZA to 

DMB (Vehmanen et al, 2017; Yarom et al, 2018; Loyson et al, 2018; Higuchi et al, 2018; 

Srivastava, Nogueras Gonzalez, Geng, Won, Cabanillas, et al, 2021; Ehrenstein et al, 2021; Ikesue, 

Doi, et al, 2021), similarly to the MRONJ estimates of patients who were shifted from pamidronate 

to ZA, which were published ten years earlier. These findings must be interpreted with caution 

given the observational nature of the studies and the heterogeneous populations investigated. 

Patients suffering from osteoporosis (OP) and other non-malignant diseases receiving low-dose 

bone BMAs display a small individual MRONJ risk, generally less than 1% (Table 1b); higher 

MRONJ figures were reported in patients treated for many years with low-dose BMAs (in 

accordance with what observed in clinical practice) (Yarom et al, 2007; Lazarovici et al, 2009; Di 

Fede et al, 2016; Watts et al, 2019; Everts-Graber et al, 2022), for patients with rheumatic and 

autoimmune disorders(Liao et al, 2019; Fujieda et al, 2020) and for patients with defective oral 

health and/or necessitating dental extractions (Mavrokokki et al, 2007; Yamazaki et al, 2012; Watts 

et al, 2019). However, as the number of patients receiving low-dose BMAs is very large in the 

general population, the total number of MRONJ cases diagnosed in second and third-lever oral care 

centres is increasing, sometimes exceeding that of bone metastatic and myeloma patients (Lee et al, 

2013; Rogers et al, 2015; Hallmer et al, 2018). 

Romosozumab is a drug with both bone anabolic and antiresorptive properties that has been 

recently introduced for OP treatment. MRONJ has been rarely reported in OP patients treated with 

romosozumab, but most of them also received bisphosphonates or denosumab (Cosman et al, 2016; 

Saag et al, 2017; Kobayakawa et al, 2021; Peng et al, 2022). Consequently, the influence of 

romosozumab in promoting MRONJ remains uncertain at the moment. 



 

 

Clinical studies aimed to prevent or treat CTIBL (Table Ic) in non-metastatic breast cancer patients 

commonly used delayed administrations of ZA (mostly every 6 months) or DMB (60 mg every 6 

months) with only a few reported MRONJ cases (0%-0.5%). Nonetheless, it is likely that MRONJ 

estimates of real-life LD-BMA treatment to prevent or treat CTIBL will match those observed in 

the osteoporosis setting, after several years of treatment.  

Cases of delayed jawbone alterations without frank bone exposure have been reported after 

zoledronic acid treatment in a single trial subpopulation (Rugani et al, 2014). 

Some clinical trials were designed to investigate the efficacy of BPs or DMB as “adjuvant” therapy 

(i.e., improvement of survival or disease-free survival) in breast and prostate cancer patients with 

different dosages and schedules; MRONJ figures in these patient populations ranged between 0.3% 

and 5.4% (Table Id). Although the prescription of BMAs for this use is still limited in real-life 

clinical practice, oral healthcare specialists should consider non-metastatic cancer patients receiving 

these treatments as another subpopulation at risk. 

Variable MRONJ estimates were recorded in patients with Giant Cell Tumor of Bone (GCTB) 

treated with prolonged administrations of DMB (Table Ie); MRONJ risk appears to increase with 

years of therapy (Palmerini et al, 2017; Chawla et al, 2019; Raimondi et al, 2020; Jiang et al, 

2022). 

MRONJ was reported in patients receiving only AAs (anticancer drugs with antiangiogenic 

properties, including bevacizumab, aflibercept, inhibitors of tyrosine kinase and mammalian target 

of rapamycin inhibitors) or other biological drugs (agents for cancer or autoimmune diseases) with 

no history of BMA treatment, described predominantly in case reports and case series (Fusco et al, 

2016, 2021; Nicolatou-Galitis et al, 2019; Eguia et al, 2020; Suryani et al, 2022; Ruggiero et al, 

2022). 

However, data is not sound enough to completely define other subpopulations at risk of MRONJ 

(e.g., metastatic cancer patients receiving AAs alone without HD-BMAs; patients with rheumatic 

disorders receiving biological agents without LD-BMAs; etc) comparable to categories in Table Ia-

Ie.  

Furthermore, link between many reported drugs (see Table II) and MRONJ is questionable, due to 

problems inherent to interpretation of case reports as well as of data coming from adverse event 

reporting systems, with some realistic signals and some pseudo signals (Neha et al, 2020; Peng et 

al, 2022; Ellefsen et al, 2023; Ahdi et al, 2023) 

Finally, MRONJ cases have been very rarely reported in patients receiving drugs different from 

those known to promote the disease, above all in cancer and Rheumatoid Arthritis (Aghaloo and 

Tetradis, 2017; Amano et al, 2023). These reports suggest that oral specialists should carefully 

address the present and past drug history of their patients, in collaboration with healthcare 

professionals who prescribe medications. 

 

 

 

 

 



 

 

Appendix 3 

SIPMO-SICMF stage-related surgical algorithm. 

The SIPMO-SICMF stage-related surgical algorithm has been originally developed in 2013 to 

specifically address increasing levels of surgical intensity based on the extent of BRONJ and the 

primary disease of affected patients (Campisi et al, 2014). This algorithm has been recently 

upgraded to include a separate treatment protocol for DMB-ONJ (Campisi, Bedogni, et al, 2020). 

The SIPMO-SICMF stage-related surgical algorithm describes the combination of medical therapies 

and surgical techniques to be adopted in BRONJ and DMB-ONJ; it also describes the non-surgical 

treatment of MRONJ (see full text, Table 8a, Table 8b, and Table 8c).  

A detailed description of the SIPMO-SICMF stage-related surgical algorithm, including jawbone 

reconstructive options, see Table IIIa and Table IIIb.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

References: 

Abdel-Qadir H, Fang J, Lee DS, et al (2018). Importance of considering competing risks in time-to-

event analyses: Application to stroke risk in a retrospective cohort study of elderly patients with 

atrial fibrillation. Circ Cardiovasc Qual Outcomes 11. 

Aghaloo TL, Tetradis S (2017). Osteonecrosis of the Jaw in the Absence of Antiresorptive or 

Antiangiogenic Exposure: A Series of 6 Cases. J Oral Maxillofac Surg 75: 129–142. 

Ahdi HS, Wichelmann TA, Pandravada S, Ehrenpreis ED (2023). Medication-induced 

osteonecrosis of the jaw: a review of cases from the Food and Drug Administration Adverse Event 

Reporting System (FAERS). BMC Pharmacol Toxicol 24. 

Aljohani S, Troeltzsch M, Hafner S, Kaeppler G, Mast G, Otto S (2019). Surgical treatment of 

medication-related osteonecrosis of the upper jaw: Case series. Oral Dis 25: 497–507. 

Amadori D, Aglietta M, Alessi B, et al (2013). Efficacy and safety of 12-weekly versus 4-weekly 

zoledronic acid for prolonged treatment of patients with bone metastases from breast cancer 

(ZOOM): a phase 3, open-label, randomised, non-inferiority trial. Lancet Oncol 14: 663–670. 

Amano K, Sugauchi A, Yamada C, Kogo M, Iida S (2023). Osteonecrosis of the Jaw in Two 

Rheumatoid Arthritis Patients Not Treated with a Bisphosphonate. Acta Med Okayama 77: 111–

116. 

Anastasilakis AD, Pepe J, Napoli N, et al (2022). Osteonecrosis of the Jaw and Antiresorptive 

Agents in Benign and Malignant Diseases: A Critical Review Organized by the ECTS. J Clin 

Endocrinol Metab 107: 1441–1460. 

Bedogni A, Bettini G, Bedogni G, et al (2021). Safety of boneless reconstruction of the mandible 

with a CAD/CAM designed titanium device: The replica cohort study. Oral Oncol 112: 105073. 

Bedogni A, Bettini G, Ferronato G, Fusetti S, Saia G (2014). Replacement of fractured 

reconstruction plate with customized mandible implant: A novel technique. Laryngoscope 124: 

401–404. 

Bedogni A, Saia G, Bettini G, et al (2011). Long-term outcomes of surgical resection of the jaws in 

cancer patients with bisphosphonate-related osteonecrosis. Oral Oncol 47: 420–424. 

de Boissieu P, Trenque T, Fusco V, Campisi G, Bedogni A (2020). Adjuvant denosumab in early 

breast-cancer. Lancet Oncol 21. 

Brufsky AM, Harker WG, Beck JT, et al (2012). Final 5-year results of Z-FAST trial: Adjuvant 

zoledronic acid maintains bone mass in postmenopausal breast cancer patients receiving letrozole. 

Cancer 118: 1192–1201. 

Campisi G, Bedogni A, Fusco V (2020). Raccomandazioni clinico-terapeutiche sull’osteonecrosi 

delle ossa mascellari (ONJ) farmaco-relata e sua prevenzione (NDF Srl, Ed.). Palermo University 

Press: Palermo. 

Campisi G, Fedele S, Fusco V, Pizzo G, Di Fede O, Bedogni A (2014). Epidemiology, clinical 

manifestations, risk reduction and treatment strategies of jaw osteonecrosis in cancer patients 



 

 

exposed to antiresorptive agents. Futur Oncol 10: 257–275. 

Campisi G, Mauceri R, Bertoldo F, et al (2020). Medication-related osteonecrosis of jaws 

(MRONJ) prevention and diagnosis: Italian consensus update 2020. Int J Environ Res Public 

Health 17: 1–15. 

van Cann T, Loyson T, Verbiest A, et al (2018). Incidence of medication-related osteonecrosis of 

the jaw in patients treated with both bone resorption inhibitors and vascular endothelial growth 

factor receptor tyrosine kinase inhibitors. Support Care Cancer 26: 869–878. 

Catania G, Monaco F, Limberti G, et al (2016). Osteonecrosis of the Jaws (ONJ) after 

Bisphosphonate Treatment in Patients with Multiple Myeloma: Decreasing ONJ Incidence after 

Adoption of Preventive Measures. Dent J 4. 

Chawla S, Blay JY, Rutkowski P, et al (2019). Denosumab in patients with giant-cell tumour of 

bone: a multicentre, open-label, phase 2 study. Lancet Oncol 20: 1719–1729. 

Chen F, Pu F (2016). Safety of denosumab versus zoledronic acid in patients with bone metastases: 

A meta-analysis of randomized controlled trials. Oncol Res Treat 39: 453–459. 

Chen J, Zhou L, Liu X, Wen X, Li H, Li W (2021). Meta-analysis of clinical trials to assess 

denosumab over zoledronic acid in bone metastasis. Int J Clin Pharm 43: 2–10. 

Coleman R, De Boer R, Eidtmann H, et al (2013). Zoledronic acid (zoledronate) for 

postmenopausal women with early breast cancer receiving adjuvant letrozole (ZO-FAST study): 

Final 60-month results. Ann Oncol 24: 398–405. 

Coleman R, Finkelstein DM, Barrios C, et al (2020). Adjuvant denosumab in early breast cancer 

(D-CARE): an international, multicentre, randomised, controlled, phase 3 trial. Lancet Oncol 21: 

60–72. 

Coleman R, Zhou Y, Chan A (2020). Adjuvant denosumab in early breast cancer – Authors’ reply. 

Lancet Oncol 21: e125. 

Del Conte A, Bernardeschi P, La Ferla F, et al (2010). Bisphosphonate-induced osteonecrosis of the 

jaw 32 months after interruption of zoledronate in a patient with multiple myeloma. J Oral 

Maxillofac Surg 68: 1179–82. 

Cosman F, Crittenden DB, Adachi JD, et al (2016). Romosozumab Treatment in Postmenopausal 

Women with Osteoporosis. N Engl J Med 375: 1532–1543. 

Egloff-Juras C, Gallois A, Salleron J, et al (2018). Denosumab-related osteonecrosis of the jaw: A 

retrospective study. J Oral Pathol Med 47: 66–70. 

Eguia A, Bagan L, Cardona F (2020). Review and update on drugs related to the development of 

osteonecrosis of the jaw. Med Oral Patol Oral Cir Bucal 25: e71–e83. 

Ehrenstein V, Heide-Jørgensen U, Schiødt M, et al (2021). Osteonecrosis of the jaw among patients 

with cancer treated with denosumab or zoledronic acid: Results of a regulator-mandated cohort 

postauthorization safety study in Denmark, Norway, and Sweden. Cancer 127: 4050–4058. 

Ellefsen BS, Larsen KR, Reibel J, Kragelund C (2023). Danish post-marketing 



 

 

pharmacosurveillance of spontaneous Oral Adverse Drug Reactions 2009-2019. Oral Dis. 

European Medicines Agency Xgeva. 

Everts-Graber J, Lehmann D, Burkard JP, et al (2022). Risk of Osteonecrosis of the Jaw Under 

Denosumab Compared to Bisphosphonates in Patients With Osteoporosis. J Bone Miner Res 37: 

340–348. 

Di Fede O, Bedogni A, Giancola F, et al (2016). BRONJ in patients with rheumatoid arthritis: a 

multicenter case series. Oral Dis 22: 543–548. 

Fujieda Y, Doi M, Asaka T, et al (2020). Incidence and risk of antiresorptive agent-related 

osteonecrosis of the jaw (ARONJ) after tooth extraction in patients with autoimmune disease. J 

Bone Min Metab 38: 581–588. 

Fusco V, Alessio M, Guglielmini PF, Vincenti M, Fasciolo A, Rossi M (2021). Is Medication-

Related Osteonecrosis of the Jaws (MRONJ) Associated to Cyclin-Dependent Kinase (CDK) 4/6 

Inhibitors? A Word of Cautiousness. Comment on Marcianò et al. Medication-Related 

Osteonecrosis of the Jaws and CDK4/6 Inhibitors: A Recent Association. Int. J. Environ. Res. 

Public Health 2020, 17, 9509. Int J Environ Res Public Health 18. 

Fusco V, Bedogni A, Addeo A, Campisi G (2017). Definition and estimation of osteonecrosis of 

jaw (ONJ), and optimal duration of antiresorptive treatment in bone metastatic cancer patients: 

supplementary data from the denosumab extension study? Support Care Cancer 25: 345–349. 

Fusco V, Campisi G, Bedogni A (2022). One changing and challenging scenario: the treatment of 

cancer patients with bone metastases by bisphosphonates and denosumab, the cost–benefit 

evaluation of different options, and the risk of medication-related osteonecrosis of the jaw 

(MRONJ). Support Care Cancer 30. 

Fusco V, Campisi G, De Boissieu P, et al (2018). Osteonecrosis of the jaw in myeloma patients 

receiving denosumab or zoledronic acid. Comment on pivotal trial by Raje et al. Published on 

Lancet oncology. Dent J 6. 

Fusco V, Galassi C, Berruti A, et al (2011). Osteonecrosis of the jaw after zoledronic acid and 

denosumab treatment. J Clin Oncol 29: e521-2; author reply e523-4. 

Fusco V, Santini D, Armento G, Tonini G, Campisi G (2016). Osteonecrosis of jaw beyond 

antiresorptive (bone-targeted) agents: new horizons in oncology. Expert Opin Drug Saf 15: 925–

935. 

Gallego L, Junquera L, Pelaz A, Hernando J, Megías J (2012). The use of pedicled buccal fat pad 

combined with sequestrectomy in bisphosphonate-related osteonecrosis of the maxilla. Med Oral 

Patol Oral Cir Bucal 17: 236–241. 

Gnant M, Mlineritsch B, Schippinger W, et al (2009). Endocrine Therapy plus Zoledronic Acid in 

Premenopausal Breast Cancer. N Engl J Med 360: 679–691. 

Gnant M, Pfeiler G, Frantal S (2019). Denosumab in early-stage breast cancer – Authors’ reply. 

Lancet Oncol 20: 236. 



 

 

Gralow JR, Barlow WE, Paterson AHG, et al (2020). Phase III Randomized Trial of 

Bisphosphonates as Adjuvant Therapy in Breast Cancer: S0307. J Natl Cancer Inst 112: 698–707. 

Grbic JT, Black DM, Lyles KW, et al (2010). The incidence of osteonecrosis of the jaw in patients 

receiving 5 milligrams of zoledronic acid: data from the health outcomes and reduced incidence 

with zoledronic acid once yearly clinical trials program. J Am Dent Assoc 141: 1365–1370. 

Grbic JT, Landesberg R, Lin SQ, et al (2008). Incidence of osteonecrosis of the jaw in women with 

postmenopausal osteoporosis in the health outcomes and reduced incidence with zoledronic acid 

once yearly pivotal fracture trial. J Am Dent Assoc 139: 32–40. 

Hallmer F, Andersson G, Götrick B, Warfvinge G, Anderud J, Bjørnland T (2018). Prevalence, 

initiating factor, and treatment outcome of medication-related osteonecrosis of the jaw-a 4-year 

prospective study. Oral Surg Oral Med Oral Pathol Oral Radiol 126: 477–485. 

Hallmer F, Bjarnadottir O, Götrick B, Malmström P, Andersson G (2020). Incidence of and risk 

factors for medication-related osteonecrosis of the jaw in women with breast cancer with bone 

metastasis: a population-based study. Oral Surg Oral Med Oral Pathol Oral Radiol 130: 252–257. 

Hanasono MM, Militsakh ON, Richmon JD, Rosenthal EL, Wax MK (2013). Mandibulectomy and 

free flap reconstruction for bisphosphonate-related osteonecrosis of the jaws. JAMA Otolaryngol - 

Head Neck Surg 139: 1135–1142. 

Hata H, Imamachi K, Ueda M, et al (2022). Prognosis by cancer type and incidence of zoledronic 

acid–related osteonecrosis of the jaw: a single-center retrospective study. Support Care Cancer 30: 

4505–4514. 

Hershman DL, McMahon DJ, Crew KD, et al (2008). Zoledronic acid prevents bone loss in 

premenopausal women undergoing adjuvant chemotherapy for early-stage breast cancer. J Clin 

Oncol 26: 4739–4745. 

Higuchi T, Soga Y, Muro M, et al (2018). Replacing zoledronic acid with denosumab is a risk 

factor for developing osteonecrosis of the jaw. Oral Surg Oral Med Oral Pathol Oral Radiol 125: 

547–551. 

Himelstein AL, Foster JC, Khatcheressian JL, et al (2017). Effect of Longer-Interval vs Standard 

Dosing of Zoledronic Acid on Skeletal Events in Patients With Bone Metastases: A Randomized 

Clinical Trial. Jama 317: 48–58. 

Hong JW, Nam W, Cha IH, et al (2010). Oral bisphosphonate-related osteonecrosis of the jaw: the 

first report in Asia. Osteoporos Int 21: 847–853. 

Hortobagyi GN, Van Poznak C, Harker WG, et al (2017). Continued treatment effect of zoledronic 

acid dosing every 12 vs 4 weeks in women with breast cancer metastatic to bone: The OPTIMIZE-2 

randomized clinical trial. JAMA Oncol 3: 906–912. 

Ikesue H, Doi K, Morimoto M, et al (2021). Switching from zoledronic acid to denosumab 

increases the risk for developing medication-related osteonecrosis of the jaw in patients with bone 

metastases. Cancer Chemother Pharmacol 87: 871–877. 

Ikesue H, Doi K, Morimoto M, et al (2022). Risk evaluation of denosumab and zoledronic acid for 



 

 

medication-related osteonecrosis of the jaw in patients with bone metastases: a propensity score–

matched analysis. Support Care Cancer 30: 2341–2348. 

Ikesue H, Mouri M, Tomita H, et al (2021). Associated characteristics and treatment outcomes of 

medication-related osteonecrosis of the jaw in patients receiving denosumab or zoledronic acid for 

bone metastases. Support Care Cancer 29: 4763–4772. 

Jackson GH, Morgan GJ, Davies FE, et al (2014). Osteonecrosis of the jaw and renal safety in 

patients with newly diagnosed multiple myeloma: Medical Research Council Myeloma IX Study 

results. Br J Haematol 166: 109–17. 

Jakob T, Tesfamariam YM, Macherey S, et al (2020). Bisphosphonates or RANK-ligand-inhibitors 

for men with prostate cancer and bone metastases: a network meta-analysis. Cochrane Database 

Syst Rev 12: Cd013020. 

Jiang L, Cui X, Ma H, Tang X (2021). Comparison of denosumab and zoledronic acid for the 

treatment of solid tumors and multiple myeloma with bone metastasis: a systematic review and 

meta-analysis based on randomized controlled trials. J Orthop Surg Res 16: 400. 

Jiang CY, Zhao L, Schuetze SM, Chugh R (2022). Giant Cell Tumor of Bone: Effect of Longer 

Dosing Intervals of Denosumab on Tumor Control and Bone-related Complications. Oncologist 27: 

595–599. 

Kajizono M, Sada H, Sugiura Y, et al (2015). Incidence and Risk Factors of Osteonecrosis of the 

Jaw in Advanced Cancer Patients after Treatment with Zoledronic Acid or Denosumab: A 

Retrospective Cohort Study. Biol Pharm Bull 38: 1850–1855. 

Kawahara M, Kuroshima S, Sawase T (2021). Clinical considerations for medication-related 

osteonecrosis of the jaw: a comprehensive literature review. Int J Implant Dent 7: 47. 

Kizub DA, Miao J, Schubert MM, et al (2021). Risk factors for bisphosphonate-associated 

osteonecrosis of the jaw in the prospective randomized trial of adjuvant bisphosphonates for early-

stage breast cancer (SWOG 0307). Support care cancer 29: 2509‐2517. 

Kobayakawa T, Suzuki T, Nakano M, et al (2021). Real-world effects and adverse events of 

romosozumab in Japanese osteoporotic patients: A prospective cohort study. Bone reports 14. 

Kwok T, Choy TK, Kwok WL (2016). Prevalence of bisphosphonate-related osteonecrosis of the 

jaw in Hong Kong. Hong Kong Med J = Xianggang yi xue za zhi 22 Suppl 2: S46-7. 

Lazarovici TS, Yahalom R, Taicher S, Elad S, Hardan I, Yarom N (2009). Bisphosphonate-Related 

Osteonecrosis of the Jaws: A Single-Center Study of 101 Patients. J Oral Maxillofac Surg 67: 850–

855. 

Lee JK, Kim K-W, Choi J-Y, et al (2013). Bisphosphonates-related osteonecrosis of the jaw in 

Korea: a preliminary report. J Korean Assoc Oral Maxillofac Surg 39: 9. 

Liao MT, Chien WC, Wang JC, Chung CH, Chu SJ, Tsai SH (2019). Increased risk of 

bisphosphonate-related osteonecrosis of the jaw in patients with Sjögren’s syndrome: nationwide 

population-based cohort study. BMJ Open 9: e024655. 



 

 

Limones A, Sáez-Alcaide LM, Díaz-Parreño SA, Helm A, Bornstein MM, Molinero-Mourelle P 

(2020). Medication-related osteonecrosis of the jaws (MRONJ) in cancer patients treated with 

denosumab VS. zoledronic acid: A systematic review and meta-analysis. Med Oral Patol Oral Cir 

Bucal 25: e326–e336. 

Llombart A, Frassoldati A, Paija O, et al (2012). Immediate administration of zoledronic acid 

reduces aromatase inhibitorassociated bone loss in postmenopausal women with early breast cancer: 

12-month analysis of the E-ZO-FAST trial. Clin Breast Cancer 12: 40–48. 

Lo JC, O’Ryan F, Yang J, et al (2011). Oral health considerations in older women receiving oral 

bisphosphonate therapy. J Am Geriatr Soc 59: 916–922. 

Loyson T, Van Cann T, Schöffski P, et al (2018). Incidence of osteonecrosis of the jaw in patients 

with bone metastases treated sequentially with bisphosphonates and denosumab. Acta Clin Belgica 

Int J Clin Lab Med 73: 100–109. 

Manfredi M, Mergoni G, Goldoni M, et al (2017). A 5-year retrospective longitudinal study on the 

incidence and the risk factors of osteonecrosis of the jaws in patients treated with zoledronic acid 

for bone metastases from solid tumors. Med Oral Patol Oral Cir Bucal 22: e342–e348. 

Mavrokokki T, Cheng A, Stein B, Goss A (2007). Nature and frequency of bisphosphonate-

associated osteonecrosis of the jaws in Australia. J Oral Maxillofac Surg 65: 415–23. 

Mücke T, Jung M, Koerdt S, Mitchell DA, Loeffelbein D, Kesting MR (2016). Free flap 

reconstruction for patients with bisphosphonate related osteonecrosis of the jaws after 

mandibulectomy. J Cranio-Maxillofacial Surg 44: 142–147. 

Mundy GR (2002). Metastasis to bone: Causes, consequences and therapeutic opportunities. Nat 

Rev Cancer 2: 584–593. 

Nakai Y, Kanaki T, Yamamoto A, et al (2021). Antiresorptive agent-related osteonecrosis of the 

jaw in prostate cancer patients with bone metastasis treated with bone-modifying agents. J Bone 

Min Metab 39: 295–301. 

Neha R, Beulah E, Anusha B, Vasista S, Stephy C, Subeesh V (2020). Aromatase inhibitors 

associated osteonecrosis of jaw: signal refining to identify pseudo safety signals. Int J Clin Pharm 

42: 721–727. 

Ng TL, Tu MM, Ibrahim MFK, et al (2021). Long-term impact of bone-modifying agents for the 

treatment of bone metastases: a systematic review. Support Care Cancer 29: 925–943. 

Nicolatou-Galitis O, Kouri M, Papadopoulou E, et al (2019). Osteonecrosis of the jaw related to 

non-antiresorptive medications: a systematic review. Support Care Cancer 27: 383–394. 

Nocini PF, Saia G, Bettini G, et al (2009). Vascularized fibula flap reconstruction of the mandible 

in bisphosphonate-related osteonecrosis. Eur J Surg Oncol 35: 373–379. 

Palmerini E, Chawla NS, Ferrari S, et al (2017). Denosumab in advanced/unresectable giant-cell 

tumour of bone (GCTB): For how long? Eur J Cancer 76: 118–124. 

Peng J, Wang H, Liu Z, et al (2022). Real-world study of antiresorptive-related osteonecrosis of jaw 



 

 

based on the US food and drug administration adverse event reporting system database. Front 

Pharmacol 13. 

Perrone F, De Laurentiis M, De Placido S, et al (2019). Adjuvant zoledronic acid and letrozole plus 

ovarian function suppression in premenopausal breast cancer: HOBOE phase 3 randomised trial. 

Eur J Cancer 118: 178–186. 

Raimondi A, Simeone N, Guzzo M, et al (2020). Rechallenge of denosumab in jaw osteonecrosis of 

patients with unresectable giant cell tumour of bone: a case series analysis and literature review. 

ESMO Open 5. 

Raje N, Terpos E, Jandial DD (2019). Reply to comment - Osteonecrosis of the jaw in myeloma 

patients receiving denosumab or zoledronic acid. comment on pivotal trial by raje et al. published in 

lancet oncology. Dent J 7. 

Raje N, Terpos E, Willenbacher W, et al (2018). Denosumab versus zoledronic acid in bone disease 

treatment of newly diagnosed multiple myeloma: an international, double-blind, double-dummy, 

randomised, controlled, phase 3 study. Lancet Oncol 19: 370–381. 

Rathbone EJ, Brown JE, Marshall HC, et al (2013). Osteonecrosis of the jaw and oral health-related 

quality of life after adjuvant zoledronic acid: An adjuvant zoledronic acid to reduce recurrence trial 

subprotocol (BIG01/04). J Clin Oncol 31: 2685–2691. 

Ricotta F, Battaglia S, Bolognesi F, Ceccariglia F, Marchetti C, Tarsitano A (2020). Use of CAD-

CAM Bridging Mandibular Prosthesis in Osteonecrosis of the Jaw: The Experience of Our School. 

J Clin Med 9. 

Rogers SN, Palmer NOA, Lowe D, Randall C (2015). United Kingdom nationwide study of 

avascular necrosis of the jaws including bisphosphonate-related necrosis. Br J Oral Maxillofac Surg 

53: 176–182. 

Rotaru H, Kim MK, Kim SG, Park YW (2015). Pedicled buccal fat pad flap as a reliable surgical 

strategy for the treatment of medication-related osteonecrosis of the jaw. J Oral Maxillofac Surg 73: 

437–442. 

Rugani P, Luschin G, Jakse N, Kirnbauer B, Lang U, Acham S (2014). Prevalence of 

bisphosphonate-associated osteonecrosis of the jaw after intravenous zoledronate infusions in 

patients with early breast cancer. Clin Oral Investig 18: 401–407. 

Ruggiero SL, Dodson TB, Aghaloo T, Carlson ER, Ward BB, Kademani D (2022). American 

Association of Oral and Maxillofacial Surgeons’ Position Paper on Medication-Related 

Osteonecrosis of the Jaws—2022 Update. J Oral Maxillofac Surg 80: 920–943. 

Saad F, Brown JE, Van Poznak C, et al (2012). Incidence, risk factors, and outcomes of 

osteonecrosis of the jaw: integrated analysis from three blinded active-controlled phase III trials in 

cancer patients with bone metastases. Ann Oncol 23: 1341–1347. 

Saag KG, Petersen J, Brandi ML, et al (2017). Romosozumab or Alendronate for Fracture 

Prevention in Women with Osteoporosis. 377: 1417–1427. 

Sacco R, Sacco N, Hamid U, Ali SH, Singh M, Blythe JSJ (2018). Microsurgical Reconstruction of 



 

 

the Jaws Using Vascularised Free Flap Technique in Patients with Medication-Related 

Osteonecrosis: A Systematic Review. Biomed Res Int 2018. 

Sacco R, Umar G, Guerra RC, Akintola O (2020). Evaluation of segmental mandibular resection 

without microvascular reconstruction in patients affected by medication-related osteonecrosis of the 

jaw: a systematic review. Br J Oral Maxillofac Surg. 

Sakai Y, Shindo T, Sato S, et al (2021). Antiresorptive agent-related osteonecrosis of the jaw 

(ARONJ) in urological malignancies: a multi-center retrospective study. J Bone Min Metab. 

Sedghizadeh PP, Stanley K, Caligluri M, Hofkes S, Lowry B, Shuler CF (2009). Oral 

bisphosphonate use and the prevalence of osteonecrosis of the jaw An institutional inquiry. J Am 

Dent Assoc 140: 61–66. 

Shapiro CL, Halabi S, Hars V, et al (2011). Zoledronic acid preserves bone mineral density in 

premenopausal women who develop ovarian failure due to adjuvant chemotherapy: Final results 

from CALGB trial 79809. Eur J Cancer 47: 683–689. 

Smith MR, Saad F, Coleman R, et al (2012). Denosumab and bone-metastasis-free survival in men 

with castration-resistant prostate cancer: results of a phase 3, randomised, placebo-controlled trial. 

Lancet 379: 39–46. 

Soutome S, Otsuru M, Murata M, et al (2022). Risk factors for developing medication-related 

osteonecrosis of the jaw when preserving the tooth that can be a source of infection in cancer 

patients receiving high-dose antiresorptive agents: a retrospective study. Support Care Cancer 30: 

7241–7248. 

Srivastava A, Nogueras Gonzalez GM, Geng Y, et al (2021). Prevalence of medication related 

osteonecrosis of the jaw in patients treated with sequential antiresorptive drugs: systematic review 

and meta-analysis. Support Care Cancer 29: 2305–2317. 

Srivastava A, Nogueras Gonzalez GM, Geng Y, et al (2021). Medication-related osteonecrosis of 

the jaw in patients treated concurrently with antiresorptive and antiangiogenic agents: Systematic 

review and meta-analysis. J Immunother Precis Oncol 4: 196–207. 

Stopeck AT, Fizazi K, Body JJ, et al (2016). Safety of long-term denosumab therapy: results from 

the open label extension phase of two phase 3 studies in patients with metastatic breast and prostate 

cancer. Support Care Cancer 24: 447–455. 

Stopeck AT, Lipton A, Body J-J, et al (2010). Denosumab Compared With Zoledronic Acid for the 

Treatment of Bone Metastases in Patients With Advanced Breast Cancer: A Randomized, Double-

Blind Study. J Clin Oncol 28: 5132–5139. 

Stopeck AT, Warner DJ (2017). Response to letter to the Editors—Safety of long-term denosumab 

therapy. Support Care Cancer 25: 353–355. 

Suryani IR, Ahmadzai I, Shujaat S, Ma H, Jacobs R (2022). Non-antiresorptive drugs associated 

with the development of medication-related osteonecrosis of the jaw: a systematic review and meta-

analysis. Clin Oral Investig 26: 2269–2279. 

Then C, Hörauf N, Otto S, et al (2012). Incidence and risk factors of bisphosphonate-related 



 

 

osteonecrosis of the jaw in multiple myeloma patients having undergone autologous stem cell 

transplantation. Onkologie 35: 658–664. 

Ueda N, Aoki K, Shimotsuji H, et al (2021). Oral risk factors associated with medication-related 

osteonecrosis of the jaw in patients with cancer. J Bone Min Metab. 

Vehmanen L, Suojanen J, Kontio R, Utriainen T, Blomqvist C (2017). High frequency of 

osteonecrosis of the jaw among denosumab-treated prostate cancer patients. Acta Oncol (Madr) 56: 

104–106. 

Veszelyne Kotan E, Bartha-Lieb T, Parisek Z, et al (2019). Database analysis of the risk factors of 

bisphosphonate-related osteonecrosis of the jaw in Hungarian patients. BMJ Open 9: e025600. 

Villa A, Castiglioni S, Peretti A, et al (2011). Osteoporosis and bisphosphonate-related 

osteonecrosis of the jaw bone. ISRN Rheumatol 2011: 654027. 

Vliek SB, Noordhoek I, Meershoek-Klein Kranenbarg E, et al (2022). Daily Oral Ibandronate With 

Adjuvant Endocrine Therapy in Postmenopausal Women With Estrogen Receptor-Positive Breast 

Cancer (BOOG 2006-04): Randomized Phase III TEAM-IIB Trial. J Clin Oncol 68. 

Wassermann J, Mathy E, Lescaille G, et al (2019). Safety of denosumab in patients with refractory 

differentiated thyroid cancer and advanced medullary thyroid cancer. J Clin Oncol 37: e17578–

e17578. 

Watts NB, Grbic JT, Binkley N, et al (2019). Invasive oral procedures and events in 

postmenopausal women with osteoporosis treated with denosumab for up to 10 years. J Clin 

Endocrinol Metab 104: 2443–2452. 

Yamazaki T, Yamori M, Ishizaki T, et al (2012). Increased incidence of osteonecrosis of the jaw 

after tooth extraction in patients treated with bisphosphonates: a cohort study. Int J Oral Maxillofac 

Surg 41: 1397–1403. 

Yamazaki T, Yamori M, Tanaka S, et al (2013). Risk Factors and Indices of Osteomyelitis of the 

Jaw in Osteoporosis Patients: Results from a Hospital-Based Cohort Study in Japan. PLoS One 8. 

Yarom N, Lazarovici TS, Whitefield S, Weissman T, Wasserzug O, Yahalom R (2018). Rapid onset 

of osteonecrosis of the jaw in patients switching from bisphosphonates to denosumab. Oral Surg 

Oral Med Oral Pathol Oral Radiol 125: 27–30. 

Yarom N, Shapiro CL, Peterson DE, et al (2019). Medication-related osteonecrosis of the jaw: 

MASCC/ISOO/ASCO clinical practice guideline. J Clin Oncol 37: 2270–2290. 

Yarom N, Yahalom R, Shoshani Y, Hamed W, Regev E, Elad S (2007). Osteonecrosis of the jaw 

induced by orally administered bisphosphonates: Incidence, clinical features, predisposing factors 

and treatment outcome. Osteoporos Int 18: 1363–1370. 

Yasui T, Kimura M, Nagamine H, et al (2021). Influence of prostate cancer status on the prevalence 

of medication-related osteonecrosis of the jaw. Oral Surg Oral Med Oral Pathol Oral Radiol 131: 

312–318. 

Zhou W, Feng Z, An J, Wang H, Zhang Y (2020). Combined reconstruction plate fixation and 



 

 

submandibular gland translocation for the management of medication-related osteonecrosis of the 

mandible. Int J Oral Maxillofac Surg 49: 1584–1588. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

Tables: 

Table Ia – MRONJ following administration of zoledronic acid (monthly and/or q3months) 

and/or monthly denosumab in Multiple Myeloma or bone metastatic cancer patients – 

selected papers 

Disease 

(Number of 

patients) 

Authors 

(Year of publication) 

Treatment 

(Schedule) 

MRONJ 

frequency 

Notes (potential 

strengths/weaknesses) 

Solid cancers  

(5723) 

Saad (2012), Raje 

(2019) (European 

Medicines Agency; 

Saad et al, 2012; Raje 

et al, 2019) 

ZA, DMB 

(q4wks) 

ZA 1.3% 

DMB 1.8% 

Per 100 patient-

year: 1.1% in the 

first year, 3.7% in 

the second year; 

4.6% per year 

thereafter 

• Randomized trials (data merged 

from 3 trials) 

• Strict inclusion criteria (sound 

oral health) 

• Very short observation time 

(median on-study time 12.1 

months). 

• 89 (1.5%) “adjudicated” MRONJ 

cases out of 287 (4.8%) 

“potential” MRONJ cases 

• Lack of Kaplan-Meier plots 

Breast/prostate 

cancer  

(917) 

Stopeck (2016), Fusco 

(2017), Stopeck (2017) 

(Open-label extension 

study) (Stopeck et al, 

2016; Fusco et al, 

2017; Stopeck and 

Warner, 2017) 

ZA, DMB, 

ZA→ DMB 

(q4wks) 

5.4% - 8.2% in 

different 

subgroups(Stopec

k et al, 2016) 

• Randomized trial. 

• Selected patients (good oral 

health). 

• Longer observation 

time(extension study). 

• 140 “adjudicated” MRONJ cases 

out of 341 “potential” MRONJ 

cases. 

• Lack of Kaplan-Meier plots. 

Myeloma  

(1718) 

Raje (2018), Fusco 

(2018), Raje (2019) 

(Myeloma denosumab 

registration trial) (Raje 

et al, 2018, 2019; 

Fusco et al, 2018) 

ZA, DMB 

(q4wks) 

ZA 2.8%      

DMB  4.1% 

Per 100 patient-

year: 2.0% in the 

first year, 5.0% in 

the second year; 

4.5% per year 

thereafter 

• Randomized trial. 

• Selected patients (good oral 

health). 

• Short observation time (median 

on-study time 17.6 months). 

• Reported 59 (3.4%) 

“adjudicated” MRONJ cases out 

of 158 (9.2%) “potential” cases. 

• Lack of Kaplan-Meier plots. 

Myeloma  

(1960) 

Jackson (2014) 

(MRC Myeloma IX 

trial) (Jackson et al, 

2014) 

ZA  

(q4wks) 

 

CLO oral 

ZA 3.7% 

CLO 0.5% 
• Randomized trial. 

• Accrual 2002-2006; evaluation 

2009, with median follow-up of 

3.7 years. 

• Lack of Kaplan-Meier plot. 

Myeloma  

(119) 

Catania (2016) 

(Catania et al, 2016) 

ZA/PAM 4.2% • Single-centre experience 2005-

2014. 

• Lack of Kaplan-Meier plot. 



 

 

Myeloma  

(120) 

Then (2012) (Then et 

al, 2012) 

ZA/PAM/ 

IBAN 

19.2% • MRONJ cases in myeloma 

patients undergoing stem cell 

transplant. Cumulative incidence 

illustrated. 

Breast cancer  

(425) 

Amadori (2013) 

(ZOOM trial) 

(Amadori et al, 2013) 

ZA  

(q4wks vs 

q12wks) 

1.3% / 1.9% • Randomized trial. 

• Short follow-up. 

Breast/prostate 

cancer and 

myeloma  

(1822) 

Himelstein (2017) 

(Himelstein et al, 

2017) 

ZA  

(q4wks vs 

q12wks) 

1.0% / 2.0% • Randomized trial. 

• Only 795 out of 1822 patients 

completed the study at 2 years. 

• Short follow-up. 

Breast cancer  

(416) 

Hortobagyi (2017) 

(OPTIMIZE-2 trial) 

(Hortobagyi et al, 

2017) 

ZA  

(q4wks vs 

q12wks) 

0.0%/ 1.0% • Randomized trial. 

• Short treatment and short follow-

up. 

Solid cancer  

(155) 

Kajizono (2015) 

(Kajizono et al, 2015) 

ZA 

DMB 

(q4wks) 

8.4% (breast 

cancer subgroup 

15.3%) 

• Cancer patients receiving ZA or 

DMB in 2010-2013. 

Solid cancer  

(156) 

Manfredi (2017) 

(Manfredi et al, 2017) 

ZA  

(q4wks) 

10.9% • Unselected (real-life) patients. 

Long observation. Kaplan-Meier 

plots reported. 

Solid cancers  

(649) 

Loyson (2018) (Loyson 

et al, 2018) 

ZA, DMB, 

ZA→DEN 

(q4wks) 

ZA 6.7%,  

DMB10% 

ZA→DMB15.5% 

• Unselected (real-life) patients. 

Median follow-up 17.5-36 

months in different subgroups.  

• Kaplan-Meier evaluation 

reported. 

Solid cancers  

(90+533) 

Van Cann (2018) (van 

Cann et al, 2018) 

ZA or 

DMB(q4wks 

w/ or w/oAAs) 

11.1% w/ AAs 

10.9% w/o AAs 

 

• Unselected (real-life) patients. 

Median observation: 24 months. 

• Kaplan-Meier estimates. 

Solid cancer  

(161) 

Higuchi (2018) 

(Higuchi et al, 2018) 

ZA→ 

DMB(q4wks) 

10.6% • High risk for patients receiving 

denosumab after zoledronic acid. 

Prostate 

cancer  

(254) 

Vehmanen (2017) 

(Vehmanen et al, 2017) 

ZA  

DMB,  

ZA→ DMB 

(q4wks) 

Total 11.4% • Higher risk for patients receiving 

denosumab or denosumab after 

zoledronic acid. 

Solid cancer  

(141) 

Egloff-Juras (2018) 

(Egloff-Juras et al, 

2018) 

DMB 7.1% • Single-centre experience 2010-

2015; median follow-up: 25 

months. MRONJ: 3% at 1 year, 

7% at 2 years, and 8% from 30 

months on. 

Thyroid 

cancer (23) 

Wassermann (2019) 

(Wassermann et al, 

2019) 

DMB  26.1% • 3 MRONJ out of 15 patients 

receiving TKIs and DMB 

• 3 MRONJ out of 8 patients not 

receiving TKIs 

Breast cancer  

(242) 

Hallmer (2020) 

(Hallmer et al, 2020) 

ZA 

DMB 

(q4wks) 

ZA 4.1% 

DMB 13.6% 
• Regional experience 2012-2015. 

• Kaplan-Meier estimates reported. 

Solid cancers  

(374) 

Ikesue (2021) (Ikesue, 

Mouri, et al, 2021) 

ZA 

DMB 

(q4wks) 

Total 9.1%  

DMB 12.6% 

ZA 4.4% 

• Unselected (real-life) patients, 

undergoing risk-reducing pre-

treatment measures. Short 

observation (median 15.5 

months). Maximum risk for 

prostate cancer patients (26.3% 



 

 

after denosumab). 

• Kaplan-Meier estimates reported 

(cumulative MRONJ incidence 

after denosumab: at 2 years next 

to 15%; at 3 years next to 25%). 

Solid cancers  

(795) 

Ikesue (2021) (Ikesue, 

Doi, et al, 2021) 

ZA 

DMB 

ZA→DMB(q4

wks) 

Total 8.2% 

ZA 5.4% 

DMB 9.7% 

ZA→DMB 16.3% 

• Higher risk for patients receiving 

denosumab after zoledronic acid. 

• Kaplan-Meier estimates reported 

(at 3 years: 10% after ZA, >30% 

after DMB). 

Solid cancers  

(218) 

Sakai (2021) (Sakai et 

al, 2021) 

ZA 

DMB 

(q4wks) 

Total 23%  

(22% prostate, 

25% kidney 

cancer) 

• Multicentre study in urological 

patients only 

Prostate 

cancer  

(191) 

Nakai (2021) (Nakai et 

al, 2021) 

ZA 

DMB 

(q4wks) 

ZA 12.9% 

DMB 15.6% 
• Hormone-sensitive and 

castration-resistant prostate 

cancer patient. Observation time: 

median 23 months, (range 1-

130). 

• Kaplan-Meier estimates reported 

(MRONJ risk at 5 years: 22.7% 

for ZA, 41.0% for DMB) 

Prostate 

cancer  

(113) 

Yasui (2021) (Yasui et 

al, 2021) 

ZA 

DMB 

(q4wks) 

ZA 30.3% 

DMB 22.5% 
• Single-centre experience 2012-

2020; longer treatment duration 

and observation for ZA 

subgroup. 

• No Kaplan-Meier evaluation. 

Solid cancer  

(398), 

including 

prostate 

cancer (79) 

Ueda (2021) (Ueda et 

al, 2021) 

ZA 

DMB 

(q4wks) 

Total 10.6% 

(prostate cancer 

32.9%) 

• Single centre experience 2007-

2018. 

• Kaplan-Meier estimates reported 

(MRONJ: 4.5%, 12.9%, 17%, 

and 21.6% at 1, 2, 3, and 4 years, 

respectively). 

Solid cancer  

(2877) 

Ehrenstein (2021) 

(Ehrenstein et al, 2021) 

ZA  

DMB 

ZA→DMB 

(q4wks) 

ZA 1.4% 

DMB 5.7% 

ZA→ DMB 6.6% 

• Cohort study in Denmark, 

Norway, and Sweden in 2011-

2018. 

Solid cancers  

(799) 

Ikesue (2022) (Ikesue 

et al, 2022) 

ZA 

DMB 

(q4wks) 

Total 7.3% 

ZA 4.8% 

DMB 9.6% 

• Propensity score-matched 

analysis on a large patient 

population. 

• Kaplan-Meier estimates reported 

before and after propensity score 

matching. 

Solid cancers 

or myeloma  

(862) 

Hata (2022) (Hata et al, 

2022) 

ZA  

(q4wks) 

MRONJ 

cumulative 

incidence: 4.7%, 

18.1%, and 32.1% 

at 2, 5, and 8 

years 

• Long-term observation. The 

cumulative incidence of MRONJ 

was related to the frequency of 

anti-resorptive drug use and the 

increased risk over time in breast 

cancer, prostate cancer, and 

multiple myeloma; it increased 

early in renal cancer. 

• Kaplan-Meier estimates reported. 

Unspecified 

cancer types 

Soutome (2022) 

(Soutome et al, 2022) 

High-dose 

BMAs 

13.3% • Patients with dental diseases but 

that did not undergo tooth 



 

 

(92) extraction 

Abbreviations: ZA = zoledronic acid; DMB = denosumab; pla = placebo; BPs = bisphosphonates; CLO = clodronate; 

ALE= Alendronate; IBA = ibandronate; PAM = pamidronate; q4wks = every 4 weeks; q3-4wks = every 3-4 weeks; 

q12wks = every 12 weeks; q3mo = every 3 months; q6mo = every 6 months; q12mo = every 12 months 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

Table Ib – MRONJ after administration of bisphosphonates (oral or intravenous) and/or 

denosumab (60 mg q 6 months) in osteoporosis patients – selected papers 

Disease 

(Number of 

patients)i 

Authors 

(Year of publication) 

Treatment 

(Schedule) 

MRONJ 

frequency 
Notes (potential strengths/weaknesses) 

Osteoporosis 

(304900) 

Mavrokokki (2007) 

(Mavrokokki et al, 

2007) 

Oral BPs 0.01% to 0.04% • 0.09% to 0.34%, after dental 

extractions. 

• Denominator estimated on drug 

prescriptions. 

Osteoporosis 

(208) 

Sedghizadeh (2009) 

(Sedghizadeh et al, 

2009) 

Oral BPs 4.3% • Selection bias. 

Osteoporosis 

(12752) 

Hong (2010) (Hong et 

al, 2010) 

Oral BPs 0.1% • 7 MRONJ in OP patients followed 

in one hospital between 2000-2008 

(but 24 cases observed in dental 

care centre). 

Osteoporosis 

(1541) 

Lo (2011) (Lo et al, 

2011) 

Oral BPs 0.6% • Kaiser patients, in 2006-2008. 

Osteoporosis 

(76) 

Villa (2011) (Villa et 

al, 2011) 

Oral BPs 9.2% • Selection bias. 

Osteoporosis 

(99) 

Yamazaki (2012) 

(Yamazaki et al, 

2012) 

Oral BPs 1% • MRONJ after tooth extractions in 

patients receiving BPs - 

osteoporosis subgroup. 

Osteoporosis 

(4129) 

Yamazaki (2013) 

(Yamazaki et al, 

2013) 

Oral BPs 1% • ONJ/OMJ (osteomyelitis) in 

osteoporosis patients receiving oral 

BPs. 

Osteoporosis 

(1284) 

Kwok (2016) (Kwok 

et al, 2016) 

Oral BPs 0.3% • 103 suspected, 4 confirmed 

MRONJ cases. 

Osteoporosis 

(2047) 

Saag (2017) (Saag et 

al, 2017) 

ALE 0.05% • Short observation (24 months). 

Osteoporosis 

(not 

specified) 

Hallmer (2018) 

(Hallmer et al, 2018) 

Oral BPs 0.043% • Prospective cohort study: all 

patients diagnosed with MRONJ in 

a Swedish region (estimation on 

hypothetic treated population). 

Osteoporosis 

(222477) 

Veszelyne Kotan 

(2019) (Veszelyne 

Kotan et al, 2019) 

BPs 0.1% • Non-cancer patients receiving BPs 

in Hungarian national service data; 

ICD codes. 

Sjogren’s 

syndrome 

(11944+1454) 

Liao (2019) (Liao et 

al, 2019) 

BPs 0.1% / 0.3% • MRONJ in patients with Sjögren's 

syndrome in Taiwan (cohort study). 

• Two groups: w/ and w/o tooth 

extraction. 

Osteoporosis 

and other 

diseases (232) 

Fujieda (2020) 

(Fujieda et al, 2020) 

BPs 4.3% • MRONJ after tooth extraction in 

non-cancer patients (0.9% in 

osteoporosis, 7.2% in autoimmune 

disease subgroup, 13% in RA 

patients). 



 

 

Osteoporosis 

(5903) 

Grbic (2008), Grbic 

(2010) (Grbic et al, 

2008, 2010) 

ZA  

(5mgq12mo) 

0.02% • Several studies with yearly ZA. 

Osteoporosis 

(3591) 

Watts (2019) 

(FREEDOM 

Extension study) 

(Watts et al, 2019) 

DMB 

(60mg/q6mo) 

0.05%-0.68% • Randomized trial.  

• Long-term observation.  

• The exposure-adjusted ONJ rate in 

FREEDOM Extension was 5.2 per 

10,000 person-years.  

• ONJ incidence was higher in those 

reporting an oral procedure or event 

(0.68%) than not (0.05%). 

Osteoporosis 

(3068) 

Everts-Graber (2022) 

(Everts-Graber et al, 

2022) 

BPs (oral/iv)  

DMB 

(60mg/q6mo) 

or sequence 

0.55% • The risk of ONJ was higher in 

patients receiving denosumab 

therapy compared with BPs.  

• Nine of 12 patients who developed 

ONJ during DMB treatment had 

been pre-treated with BPs, but none 

of the 5 patients with BP-ONJ had 

previously received denosumab. 

Abbreviations: ZA = zoledronic acid; DMB = denosumab; pla = placebo; BPs = bisphosphonates; CLO = clodronate; 

ALE= Alendronate; IBA = ibandronate; PAM = pamidronate; q4wks = every 4 weeks; q3-4wks = every 3-4 weeks; 

q12wks = every 12 weeks; q3mo = every 3 months; q6mo = every 6 months; q12mo = every 12 months 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 



 

 

Table Ic– MRONJ after administration of zoledronic acid and/or denosumab to prevent 

CTIBL (Cancer Treatment Induced Bone Loss), with/without attempts to prolong time to 

disease recurrence as secondary endpoint, with different schedules – selected papers 

Disease 

(Number of 

patients) 

Authors 

(Year of 

publication) 

Treatment (Schedule) 
MRONJ 

frequency 

Notes (potential 

strengths/weaknesses) 

Breast cancer  

(50 ZA treated; 

53 placebo) 

Hershman (2008) 

(Hershman et al, 

2008) 

ZA  

(4mg/q12wks, for 1 year) 

0% • Short treatment duration 

• Short follow-up. 

Breast cancer  

(900 ZA 

treated out of 

1803) 

Gnant (2009) 

(ABCSG-12 trial) 

(Gnant et al, 2009) 

ZA  

(4mg/q6mo, for 3 yrs.) 

0% • No “adjudicated”cases of 

MRONJ at 62-month follow-up, 

but 5/48 “stage 0” cases in a 

subpopulation study. (Rugani et 

al, 2014) 

Breastcancer  

(439) 

Shapiro (2011) 

(CALGB 79809 

trial) (Shapiro et 

al, 2011) 

ZA  

(4mg/q12wks) for 2 yrs.) 

0% • ZA started within 1-3 months 

following randomization (arm A) 

or 1 year after randomization 

(arm B, controls). 

Breast cancer 

(301 upfront, 

301 delayed 

ZA treatment) 

Brufsky (2012) 

(Z-FAST trial) 

(Brufsky et al, 

2012) 

ZA  

(4mg/q6mo, for 5 yrs.) 

0% • Long-term observation (61 

months). 

Breast cancer  

(263 upfront, 

264 delayed 

ZA treatment) 

Llombart (2012) 

(EZO- FAST trial) 

(Llombart et al, 

2012) 

ZA  

(4mg/q6mo, for 5 yrs.) 

0% • Short observation (only 12 

months?). 

Breast cancer  

(532 upfront, 

533 delayed 

ZA treatment) 

Coleman (2013) 

(ZO- FAST trial) 

(Coleman et al, 

2013) 

ZA  

(4mg/q6mo, for 5 yrs.) 

0.5% • Long-term observation (60 

months). 

• MRONJ: 3 “adjudicated” and 2 

“suspected” cases, out of 9 

potential events. 

Breast cancer  

(48 ZA treated; 

52 control 

patients) 

Rugani (2014) 

(Rugani et al, 

2014) 

ZA  

(4mg/q6mo, for 3 yrs.) 

10.4% • Clinical subpopulation study on 

patients of trial ABCSG-12. 

Very long-term observation, 

after ZA treatment cessation. 

Five “stage 0” MRONJ cases 

(fistulas / radiological signs of 

MRONJ), out of 48 examined 

patients. 

Breast cancer  

(1711 DMB 

treated out of 

3425 recruited) 

Gnant (2019) 

(ABCSG-18 trial) 

(Gnant et al, 2019) 

DMB 

(60 mg/q6mo, for 5 yrs.) 

0% • Long-term observation (median 

73 months). No “adjudicated” 

MRONJ cases (out of 31 

suspected cases). 

Abbreviations: ZA = zoledronic acid; DMB = denosumab; q4wks = every 4 weeks; q3-4wks = every 3-4 weeks; 

q12wks = every 12 weeks; q3mo = every 3 months; q6mo = every 6 months; q12mo = every 12 months 



 

 

Table Id– MRONJ data from trials on “adjuvant” treatment of non-metastatic cancer 

(studies aimed to attempt to improve prognosis) – selected papers 

Disease 

(Number of 

patients) 

Authors 

(Year of 

publication) 

Treatment 

(Schedule) 

MRONJ 

frequency 
Notes (potential strengths/weaknesses) 

Prostate cancer  

(716 DMB 

treated/ 716 pla) 

Smith (2012) 

(Smith et al, 

2012) 

DMB 

(120 mg/q4wks) 

5% • Yearly cumulative incidence of 

“adjudicated” MRONJ for DMBwas: 

1%, 3%, 4% in years 1, 2, 3, 

respectively; overall, less than 5% 

(n=33). 

Breast cancer  

(1681ZA treated 

out of 3360) 

Rathbone (2013) 

(AZURE trial) 

(Rathbone et al, 

2013) 

ZA  

4 mg (19 courses 

for 5 yrs; 6 doses 

monthly →8 doses 

q3mo →5 doses 

q6mo) 

2.1% • Long-term observation (median 73.9 

months). 

• Twenty-six “confirmed” MRONJ 

cases out of 33 “suspected” cases. 

Breast cancer  

(355 ZA treated 

out of 1065) 

Perrone (2019) 

(HOBOE trial) 

(Perrone et al, 

2019) 

ZA  

(4 mg q6mo, for 5 

yrs.) 

1.1% • Long-term observation (median 64 

months).  

• Four MRONJ cases (after 24, 30, 48, 

60 months) out of 340 patients. 

Breast cancer  

 

(2256 DMB 

treated out of 

4509) 

Coleman (2020), 

Fusco (2020), 

Coleman (2020) 

(D-CARE trial) 

(Coleman, 

Finkelstein, et al, 

2020; Coleman, 

Zhou, et al, 2020; 

de Boissieu et al, 

2020) 

DMB 

(120 mg q4wks for 

6 months, then 

q3mo, for 5 yrs.) 

5.4% • Selected patients (sound oral health). 

• Long observation (median follow-up: 

67 months)  

• MRONJ:122 (5.4%) “adjudicated” 

cases out of 362 (16.2%) “suspected” 

cases among DMB-treated patients; 

4(0.2%) out of 202 (9.1%) among 

symptomatic patients receiving 

placebo. 

• Lack of Kaplan-Meier plot. 

Breast cancer  

(6097) 

Gralow (2020), 

Kizub (2021) 

(SWOG 

S0307trial) 

(Gralow et al, 

2020; Kizub et al, 

2021) 

ZA  

(4 mg q4wks→ 

q12wks)  

Oral daily CLO  

Oral daily IBA 

ZA 1.2%, 

CLO 0.3%, 

IBA 0.7% 

• Adequate follow-up. 

Breast cancer  

(565) 

Vliek (2022) 

(TEAM-IIB trial) 

(Vliek et al, 2022) 

Oral IBA 

(50mg/day, for 3 

yrs.) 

1.9% • Long follow-up (8.5 years). 

Abbreviations: ZA = zoledronic acid; DMB = denosumab; pla = placebo; CLO = clodronate; IBA = ibandronate; 

q4wks = every 4 weeks; q3-4wks = every 3-4 weeks; q12wks = every 12 weeks; q3mo = every 3 months; q6mo = every 

6 months; q12mo = every 12 months 



 

 

Table Ie – MRONJ data from cohort studies on denosumab treatment of patients with Giant 

Cell Tumor of Bone, GCTB – selected papers 
Disease 

(Number of 

patients) 

Authors 

(Year of 

publication) 

Treatment 

(Schedule) 

MRONJ 

frequency 
Notes (potential strengths/weaknesses) 

GCTB  

(97) 

Palmerini (2017) 

(Palmerini et al, 

2017) 

DMB 

(120 mg) 

6.1% • Cumulative risk of all patients: 5% at 5 

years. 

GCTB unresectable  

(54) 

Palmerini (2017) 

(Palmerini et al, 

2017) 

DMB 

(120 mg) 

9.2% • Cumulative risk of unresectable 

patients: 8% at 5 years. 

GCTB unresectable  

(532) 

Chawla (2019) 

(Chawla et al, 

2019) 

DMB 

(120 mg) 

Total 5.2% 

(8% in 

cohort 1 / 

2.8% in 

cohort 2 / 

0% in cohort 

3) 

• 28 investigator-reported and adjudicated 

cases (21 in cohort 1, 7 in cohort 2, 

none in cohort 3). 

• Cumulative incidence in single years is 

reported in the paper. 

GCTB  

(29) 

Raimondi(2020) 

(Raimondi et al, 

2020) 

DMB 

(120 mg) 

13.8% • At a median follow-up of 70months 

(range 1–125), 4 (13.8%) patients 

experienced MRONJ while on 

treatment, after 125, 119, 85 and 41 

months of DMB, respectively. 

GCTB  

(37) 

Jiang (2022) 

(Jiang et al, 2022) 

DMB 

(120 mg) 

13.5% • The median cumulative dose of DMB 

received was 43 (range 15-139 doses). 

• Recorded 5 sites of ONJ plus 2 sites of 

non-healing dental wound. 

Abbreviations: DMB= denosumab. 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

Table II. Non-antiresorptive drugs reported as associated with MRONJ 

Class of agents  

and drugs 

Route of  

administration 

Main indications 

VEGF inhibitors 

- Bevacizumab 

- Aflibercept 

- Ramucirumab 

 

IV 

IV 

IV 

 

Cancers (colon, breast, ovary, renal, etc); ocular diseases 

Colon cancer 

Gastric cancer 

Tyrosine kinase inhibitors and 

drugs with antiVEGF 

properties 

- Sunitinib 

- Sorafenib 

- Pazopanib 

- Axitinib 

- Cabozantinib 

- Regorafenib 

- Lenvatinib 

- Imatinib 

 

 

 

OS 

OS 

OS 

OS 

OS 

OS 

OS 

OS 

 

 

 

Cancers (renal, GIST, neuroendocrine, etc.) 

Cancers (renal, liver, etc) 

Renal cancer; sarcomas 

Renal cancer 

Cancers (renal, thyroid, liver, etc) 

Colon cancer; liver cancer 

Thyroid cancer; liver cancer 

GIST; CML 

mTOR inhibitors 

- Everolimus 

- Temsirolimus 

 

OS 

IV 

 

Breast cancer, renal cancer 

Renal cancer, lymphomas 

Immune checkpoint inhibitors 

- Ipilimumab 

- Pembrolizumab 

- Nivolumab 

 

IV 

IV 

IV 

 

Cancers (lung, melanoma, renal, etc) 

Cancers (lung, melanoma, renal, etc) 

Cancers (lung, melanoma, renal, etc) 

Other drugs with sporadic 

reports or only suspected role 

- Adalimumab 

- Aromatase inhibitors 

- Arsenic trioxide 

- Azacitidine 

- Bemcetinib 

- Bosutinib  

- Corticosteroids 

- Dabrafenib / trametinib 

-  

- Dasatinib 

- Epacadostat 

- Erlotinib 

- Etanercept 

- Infliximab 

- Lenalidomide 

- Methotrexate 

- Palbociclib 

- Pomalidomide 

- Radium 223 

- Raloxifene 

- Ranibizumab 

- Rituximab 
 

- Romosozumab 

- Simvastatin 

- Tocilizumab 
 

 

 

IV 

OS 

IV 

SC 

OS 

OS 

OS/IV/IM 

 

OS 

 

OS 

OS 

OS 

OS 

SC 

IV 

OS / IM /IV 

OS 

OS 

IV 

OS 

Intravitreal 

IV 

 

SC 

OS 

IV 

 

 

Autoimmune and inflammatory disorders 

Breast cancer 

Leukemias 

Leukemias 

LMC 

LMC; haematological disorders 

Cancer; myeloma; non malignant diseases 

 

Melanoma 

 

LMC 

Melanoma 

Lung cancer; pancreatic cancer 

Autoimmune and inflammatory disorders 

Autoimmune and inflammatory disorders 

Myeloma 

Autoimmune and inflammatory disorders; cancer 

Breast cancer 

Myeloma 

Prostate cancer 

Osteoporosis 

Macular degenerations 

Lymphomas; CML; autoimmune and inflammatory 

disorders 

Osteoporosis 

Hypercholesterolemia 

Rheumatoid Arthritis; autoimmune and inflammatory 



 

 

 disorders 

 

Legend – VEGF = Vascular Endothelial Growth Factor ;  IV = intravenous; SC = subcutaneously; OS =oral; 

IM = intramuscular; GIST = Gastrointestinal Stromal Tumors; CML = Chronic Myeloid Leukemia; mTOR = 

mammalian target of rapamycin 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

Table IIIa. SIPMO-SICMF stage-related surgical algorithm of BRONJ (including jawbone 

reconstructive options) 

SIPMO-SICMF 

staging system 
Surgical algorithm of BRONJ 

Stage 1 

(Focal BRONJ) 

o Dentoalveolar surgery 

o Oral mouth rinses 

o Systemic broad-spectrum antibiotics 

o Pain control 

o Temporary BP withdrawal  

Details of Dentoalveolar surgery: 

▪ bone curettage and sequestrectomy (local anaesthesia w/ or w/o nerve blockage): 

extraction of the involved teeth, removal of bone sequestra, debridement of necrotic bone 

up to clinically vital bone, bone smoothing and tension-free soft tissue closure with muco-

periosteal flaps. No need for bone reconstruction. Indication: LD-BP patients. 

▪ Marginal (Rim) resection, (general anaesthesia): bone resection of the dentoalveolar 

process of the diseased mandible and/or maxilla (without entering the maxillary sinus), up 

to clinically vital bone; bone smoothing and tension-free soft tissue closure with muco-

periosteal flaps (double-layer soft-tissue closure may be achieved in mandible rim 

resection with a mylohyoid muscle flap. No need for bone reconstruction. Indication: HD-

BP patients; failure of sequestrectomy in LD-BP patients. 

Preoperative assessment of the resection margins: CT-based imaging techniques. 

Adjunctive treatment options: use of piezoelectric or laser-assisted surgery to minimize ischemic 

damage to the bone. 

Details of perioperative antiseptic mouth rinses: 

▪ Stage 1a (no suppuration): Perioperative mouth rinses with chlorhexidine 0.2% antiseptic 

formulation (10ml x30’, twice-day), starting the day before surgery. 

and lasting until bone healing has been achieved. 

▪ Stage 1b (suppuration): Perioperative mouth rinses with chlorhexidine 0.2% antiseptic 

formulation (10ml x30’, twice-day), starting 1 week before surgery and lasting until bone 

healing has been achieved. 

Details of perioperative antibiotic treatment: 

Stage 1a (no suppuration) 

o amoxicillin + clavulanic1 acid1 1gr x 3/ day or ampicillin/sulbactam 750mg x3/day. 

Combination therapy with metronidazole2 500mgx 3/day in selected cases. In patients 

with penicillin allergy: erythromycin, clindamycin, or ciprofloxacin. 

o Route of administration: oral 

o Duration: start the day of surgery and last for 7-10 days (or until soft-tissue healing has 

been achieved). 

Stage 1b (suppuration) 

o amoxicillin + clavulanic1 acid1 1gr x 3/ day or ampicillin/sulbactam 750mg x3/day, 

combined with metronidazole2 500mgx 3/day. In patients with penicillin allergy: 

erythromycin, clindamycin, or ciprofloxacin. 

o Route of administration: oral 

o Duration: start the week before surgery and last for 7-10 days (or until soft-tissue healing 

has been achieved). 

Details of temporary BP withdrawal 

▪ One week before surgery until wound healing has been achieved (4-6 weeks after surgery). 

▪  

Post-operative follow-up: clinical recall visits at 1, 3, 6 and 12 months. CT-based imaging at 6 and 

12 months after surgery. 

 

Stage 2 

(Diffuse ONJ) 

o Surgical resection 

o Oral mouth rinses 

o Systemic broad-spectrum antibiotics 



 

 

o Pain control 

o Temporary BP withdrawal  

Details of surgical resection: 

▪ Marginal (Rim) resection, (general anaesthesia): bone resection of the dentoalveolar 

process of the diseased mandible and/or maxilla (without entering the maxillary sinus), up 

to clinically vital bone; bone smoothing and tension-free soft tissue closure with muco-

periosteal flaps (double-layer soft-tissue closure may be achieved in mandible rim 

resection with a mylohyoid muscle flap. No need for bone reconstruction. Indication: LD-

BP patients. 

▪ Segmental resection (general anesthesia): full-thickness resection and discontinuation of 

the bone (i.e., mandibulectomy or maxillectomy). Indication: HD-BP patients; failure of 

sequestrectomy in LD-BP patients. 

a. Upper jaw: partial maxillectomy is the standard treatment. Soft tissue sparing 

resection of the diseased bone is obtained via intraoral approach, entering the 

sinus to remove the infected tissue. Removal of the palatal bone is not required in 

most cases. Bone smoothing and tension-free double-layer soft tissue closure is 

achieved with buccal fat pad flap transposition and muco-periosteal flaps 

(Gallego et al, 2012; Rotaru et al, 2015; Aljohani et al, 2019). Reconstruction 

with vascularised bone flaps is required for bilateral maxillectomy defects only. 

Free fibula flap is the standard of care in such cases (negligible risk of metastatic 

fibula involvement in cancer patients as compared with other donor sites - iliac 

bone and scapula) (Mundy, 2002). Temporalis muscle or microsurgical soft tissue 

flap repair is unnecessary, except for defects encompassing the palate. 

b. Lower jaw: Segmental mandibulectomy is the standard treatment. Soft tissue 

sparing resection of the diseased bone usually requires a combined 

intraoral/extraoral approach. Mandible reconstruction is always necessary: 

Standard reconstruction plates, CAD-CAM titanium prosthesis or vascularized 

bone flaps can be safely used depending on the extent of the defect (Nocini et al, 

2009; Bedogni et al, 2011, 2014, 2021; Hanasono et al, 2013; Mücke et al, 2016; 

Sacco et al, 2018, 2020; Ricotta et al, 2020; Zhou et al, 2020). Reconstruction 

with vascularised bone flaps is indicated for subtotal mandibulectomy defects 

only. Free fibula flap is the standard of care in such cases (negligible risk of 

metastatic fibula involvement in cancer patients as compared with other donor 

sites - iliac bone and scapula) (Mundy, 2002). Bone smoothing and tension-free 

soft tissue closure with muco-periosteal flaps is required. Facial artery 

musculomucosal (FAMM) flap can be rarely used to cover large areas of exposed 

bone. Microsurgical soft tissue flap repair is hardly necessary. 

 

Preoperative assessment of the resection margins: CT-based imaging techniques. 

Adjunctive treatment options: use of piezoelectric or laser-assisted surgery to minimize ischemic 

damage to the bone. 

Details of perioperative antiseptic mouth rinses: 

▪ Stage 2a (no suppuration): Perioperative mouth rinses with chlorhexidine 0.2% antiseptic 

formulation (10ml x30’, twice-day), starting the day before surgery 

and lasting until bone healing has been achieved. 

▪ Stage 2b (suppuration): Perioperative mouth rinses with chlorhexidine 0.2% antiseptic 

formulation (10ml x30’, twice-day), starting 1 week before surgery and lasting until bone 

healing has been achieved. 

Details of perioperative antibiotic treatment: 

Stage 2a (no suppuration) 

▪ amoxicillin + clavulanic1 acid1 1gr x 3/ day or ampicillin/sulbactam 750mg x3/day. 

Combination therapy with metronidazole2 500mgx 3/day in selected cases. In patients 

with penicillin allergy: erythromycin, clindamycin, or ciprofloxacin. 

▪ Route of administration: oral 

▪ Duration: start the day of surgery and last for 7-10 days (or until soft-tissue healing has 

been achieved). 

Stage 2b (suppuration) 

▪ amoxicillin + clavulanic1 acid1 1gr x 3/ day or ampicillin/sulbactam 750mg x3/day, 

combined with metronidazole2 500mgx 3/day. In patients with penicillin allergy: 



 

 

erythromycin, clindamycin, or ciprofloxacin. 

▪ Route of administration: oral 

▪ Duration: start the week before surgery and last for 7-10 days (or until soft-tissue healing 

has been achieved). 

Details of temporary BP withdrawal 

▪ One week before surgery until wound healing has been achieved (4-6 weeks after surgery). 

 

Post-operative follow-up: clinical recall visits at 1, 3, 6 and 12 months. CT-based imaging at 6 and 

12 months after surgery. 

Stage 3  

(Complicated 

ONJ) 

 

o Surgical resection 

o Oral mouth rinses 

o Systemic broad-spectrum antibiotics 

o Pain control 

o Temporary BP withdrawal  

 

Details of surgical resection: 

▪ Segmental resection (general anesthesia): full-thickness resection and discontinuation of 

the bone (i.e., mandibulectomy or maxillectomy). Indication: HD-BP patients; failure of 

marginal resection in LD-BP patients. 

a. Upper jaw: partial maxillectomy is the standard treatment. Soft tissue sparing 

resection of the diseased bone is obtained via intraoral approach, entering the 

sinus to remove the infected tissue. Removal of the palatal bone is not required in 

most cases. Bone smoothing and tension-free double-layer soft tissue closure is 

achieved with buccal fat pad flap transposition and muco-periosteal flaps 

(Gallego et al, 2012; Rotaru et al, 2015; Aljohani et al, 2019). Reconstruction 

with vascularised bone flaps is required for bilateral maxillectomy defects only. 

Free fibula flap is the standard of care in such cases (negligible risk of metastatic 

fibula involvement in cancer patients as compared with other donor sites - iliac 

bone and scapula) (Mundy, 2002). Temporalis muscle or microsurgical soft tissue 

flap repair is unnecessary, except for defects encompassing the palate. 

b. Lower jaw: Segmental mandibulectomy is the standard treatment. Soft tissue 

sparing resection of the diseased bone usually requires a combined 

intraoral/extraoral approach. Mandible reconstruction is always necessary: 

Standard reconstruction plates, CAD-CAM titanium prosthesis or vascularized 

bone flaps can be safely used depending on the extent of the defect (Nocini et al, 

2009; Bedogni et al, 2011, 2014, 2021; Hanasono et al, 2013; Mücke et al, 2016; 

Sacco et al, 2018, 2020; Ricotta et al, 2020; Zhou et al, 2020). Reconstruction 

with vascularised bone flaps is indicated for subtotal mandibulectomy defects 

only. Free fibula flap is the standard of care in such cases (negligible risk of 

metastatic fibula involvement in cancer patients as compared with other donor 

sites - iliac bone and scapula) (Mundy, 2002). Bone smoothing and tension-free 

soft tissue closure with muco-periosteal flaps is required. FAMM flap can be 

rarely used to cover large areas of exposed bone. Microsurgical soft tissue flap 

repair is hardly necessary 

 

Preoperative assessment of the resection margins: CT-based imaging techniques. 

Adjunctive treatment options: use of piezoelectric or laser-assisted surgery to minimize ischemic 

damage to the bone. 

Details of perioperative antiseptic mouth rinses: 

▪ Stage 3a (no suppuration): Perioperative mouth rinses with chlorhexidine 0.2% antiseptic 

formulation (10ml x30’, twice-day), starting the day before surgery and lasting until bone 

healing has been achieved. 

▪ Stage 3b (suppuration): Perioperative mouth rinses with chlorhexidine 0.2% antiseptic 

formulation (10ml x30’, twice-day), starting 1 week before surgery and lasting until bone 

healing has been achieved. 

Details of perioperative antibiotic treatment: 

Stage 3a (no suppuration) 



 

 

▪ amoxicillin + clavulanic1 acid1 1gr x 3/ day or ampicillin/sulbactam 750mg x3/day. 

Combination therapy with metronidazole2 500mgx 3/day in selected cases. In patients 

with penicillin allergy: erythromycin, clindamycin, or ciprofloxacin. 

▪ Route of administration: oral 

▪ Duration: start the day of surgery and last for 7-10 days (or until soft-tissue healing has 

been achieved). 

Stage 3b (suppuration) 

▪ amoxicillin + clavulanic1 acid1 1gr x 3/ day or ampicillin/sulbactam 750mg x3/day, 

combined with metronidazole2 500mgx 3/day. In patients with penicillin allergy: 

erythromycin, clindamycin, or ciprofloxacin. 

▪ Route of administration: oral 

▪ Duration: start the week before surgery and last for 7-10 days (or until soft-tissue healing 

has been achieved). 

Details of temporary BP withdrawal 

▪ One week before surgery until wound healing has been achieved (4-6 weeks after 

surgery). 

 

Post-operative follow-up: clinical recall visits at 1, 3, 6 and 12 months. CT-based imaging at 6 and 

12 months after surgery. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

Table IIIb. SIPMO-SICMF stage-related surgical algorithm of DMB-ONJ (including jawbone 

reconstructive options) 

SIPMO-SICMF 

staging system 
Surgical algorithm of DMB-ONJ 

Stage 1 

(Focal DMB-

ONJ) 

and  

Stage 2 

(Diffuse DMB-

ONJ) 

 

o Dentoalveolar surgery 

o Oral mouth rinses 

o Systemic broad-spectrum antibiotics 

o Pain control 

o DMB withdrawal/delay  

Details of Dentoalveolar surgery: 

▪ bone curettage and sequestrectomy (local anaesthesia w/ or w/o nerve blockage): 

extraction of the involved teeth, removal of bone sequestra, debridement of necrotic bone 

up to clinically vital bone, bone smoothing and tension-free soft tissue closure with muco-

periosteal flaps. No need for bone reconstruction. Indication: first occurrence of DMB-

ONJ. 

 

▪ Marginal (Rim) resection, (general anaesthesia): bone resection of the dentoalveolar 

process of the diseased mandible and/or maxilla (without entering the maxillary sinus), up 

to clinically vital bone; bone smoothing and tension-free soft tissue closure with muco-

periosteal flaps (double-layer soft-tissue closure may be achieved in mandible rim resection 

with a mylohyoid muscle flap. No need for bone reconstruction. Indication: recurrence of 

DMB-ONJ after bone curettage and sequestrectomy. 

 

Preoperative assessment of the resection margins: CT-based imaging techniques. 

Adjunctive treatment options: use of piezoelectric or laser-assisted surgery to minimize ischemic 

damage to the bone. 

Details of perioperative antiseptic mouth rinses: 

▪ Stage 1a/2a (no suppuration): Perioperative mouth rinses with chlorhexidine 0.2% 

antiseptic formulation (10ml x30’, twice-day), starting the day before surgery. 

and lasting until bone healing has been achieved. 

▪ Stage 1b/2b (suppuration): Perioperative mouth rinses with chlorhexidine 0.2% antiseptic 

formulation (10ml x30’, twice-day), starting 1 week before surgery and lasting until bone 

healing has been achieved. 

Details of perioperative antibiotic treatment: 

Stage 1a/2a (no suppuration) 

▪ amoxicillin + clavulanic1 acid1 1gr x 3/ day or ampicillin/sulbactam 750mg x3/day. 

Combination therapy with metronidazole2 500mgx 3/day in selected cases. In patients 

with penicillin allergy: erythromycin, clindamycin, or ciprofloxacin. 

▪ Route of administration: oral 

▪ Duration: start the day of surgery and last for 7-10 days (or until soft-tissue healing has 

been achieved). 

Stage 1b/2b (suppuration) 

▪ amoxicillin + clavulanic1 acid1 1gr x 3/ day or ampicillin/sulbactam 750mg x3/day, 

combined with metronidazole2 500mgx 3/day. In patients with penicillin allergy: 

erythromycin, clindamycin, or ciprofloxacin. 

▪ Route of administration: oral 

▪ Duration: start the week before surgery and last for 7-10 days (or until soft-tissue healing 

has been achieved). 

Details of temporary DMB withdrawal/delay 

▪ HD-DMB patients: 6-month DMB withdrawal before surgery; DMB restart feasible once 

wound healing has been achieved (4-6 weeks after surgery). 

▪ LD-DMB patients: surgery should be performed 5 months after the last dose, with 1-month 

postoperative delay of the following dose, until complete healing is achieved. 

 

Post-operative follow-up: clinical recall visits at 1, 3, 6 and 12 months. CT-based imaging at 6 and 



 

 

12 months after surgery. 

 

Stage 3  

(DMB-ONJ) 

o Surgical resection 

o Oral mouth rinses 

o Systemic broad-spectrum antibiotics 

o Pain control 

o DMB withdrawal/delay  

Details of surgical resection: 

▪ Marginal (Rim) resection, (general anaesthesia): bone resection of the dentoalveolar 

process of the diseased mandible and/or maxilla (without entering the maxillary sinus), up 

to clinically vital bone; bone smoothing and tension-free soft tissue closure with muco-

periosteal flaps (double-layer soft-tissue closure may be achieved in mandible rim resection 

with a mylohyoid muscle flap. No need for bone reconstruction. Indication: first occurrence 

of DMB-ONJ. 

 

▪ Segmental resection (general anesthesia): full-thickness resection and discontinuation of 

the bone (i.e., mandibulectomy or maxillectomy). Indication: recurrence of DMB-ONJ after 

marginal resection. 

a. Upper jaw: partial maxillectomy is the standard treatment. Soft tissue sparing 

resection of the diseased bone is obtained via intraoral approach, entering the sinus 

to remove the infected tissue. Removal of the palatal bone is not required in most 

cases. Bone smoothing and tension-free double-layer soft tissue closure is 

achieved with buccal fat pad flap transposition and muco-periosteal flaps (Mundy, 

2002). Reconstruction with vascularised bone flaps is required for bilateral 

maxillectomy defects only. Free fibula flap is the standard of care in such cases 

(negligible risk of metastatic fibula involvement in cancer patients as compared 

with other donor sites -iliac bone and scapula) (Mundy, 2002). Temporalis muscle 

or microsurgical soft tissue flap repair is unnecessary, except for defects 

encompassing the palate. 

b. Lower jaw: Segmental mandibulectomy is the standard treatment. Soft tissue 

sparing resection of the diseased bone usually requires a combined 

intraoral/extraoral approach. Mandible reconstruction is always necessary: 

Standard reconstruction plates, CAD-CAM titanium prosthesis or vascularized 

bone flaps can be safely used depending on the extent of the defect (Nocini et al, 

2009; Bedogni et al, 2011, 2014, 2021; Hanasono et al, 2013; Mücke et al, 2016; 

Sacco et al, 2018, 2020; Ricotta et al, 2020; Zhou et al, 2020). Reconstruction 

with vascularised bone flaps is indicated for subtotal mandibulectomy defects 

only. Free fibula flap is the standard of care in such cases (negligible risk of 

metastatic fibula involvement in cancer patients as compared with other donor 

sites -iliac bone and scapula). Bone smoothing and tension-free soft tissue closure 

with muco-periosteal flaps is required. FAMM flap can be rarely used to cover 

large areas of exposed bone. Microsurgical soft tissue flap repair is hardly 

necessary. 

 

Preoperative assessment of the resection margins: CT-based imaging techniques. 

Adjunctive treatment options: use of piezoelectric or laser-assisted surgery to minimize ischemic 

damage to the bone. 

Details of perioperative antiseptic mouth rinses: 

▪ Stage 3a (no suppuration): Perioperative mouth rinses with chlorhexidine 0.2% antiseptic 

formulation (10ml x30’, twice-day), starting the day before surgery and lasting until bone 

healing has been achieved. 

▪ Stage 3b (suppuration): Perioperative mouth rinses with chlorhexidine 0.2% antiseptic 

formulation (10ml x30’, twice-day), starting 1 week before surgery and lasting until bone 

healing has been achieved. 

Details of perioperative antibiotic treatment: 

Stage 3a (no suppuration) 

▪ amoxicillin + clavulanic1 acid1 1gr x 3/ day or ampicillin/sulbactam 750mg x3/day. 



 

 

Combination therapy with metronidazole2 500mgx 3/day in selected cases. In patients 

with penicillin allergy: erythromycin, clindamycin, or ciprofloxacin. 

▪ Route of administration: oral 

▪ Duration: start the day of surgery and last for 7-10 days (or until soft-tissue healing has 

been achieved). 

Stage 3b (suppuration) 

▪ amoxicillin + clavulanic1 acid1 1gr x 3/ day or ampicillin/sulbactam 750mg x3/day, 

combined with metronidazole2 500mgx 3/day. In patients with penicillin allergy: 

erythromycin, clindamycin, or ciprofloxacin. 

▪ Route of administration: oral 

▪ Duration: start the week before surgery and last for 7-10 days (or until soft-tissue healing 

has been achieved). 

Details of temporary DMB withdrawal/delay 

▪ HD-DMB patients: 6-month DMB withdrawal before surgery; DMB restart feasible once 

wound healing has been achieved (4-6 weeks after surgery). 

▪ LD-DMB patients: surgery should be performed 5 months after the last dose, with 1-month 

postoperative delay of the following dose, until complete healing is achieved. 

 

Post-operative follow-up: clinical recall visits at 1, 3, 6 and 12 months. CT-based imaging at 6 and 

12 months after surgery. 
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