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Abstract -- Background: Medication-related osteonecrosis of the jaw (MRONJ) is an expected, but rare adverse
effect of denosumab. There are few data denosumab 120mg related MRONJ occurrence when regular dental
monitoring is planned. International and French recommendations do not detail the schedule of the follow-up
visits, allowing local interpretations. Methods: The aim of this retrospective study was to describe our local
experience of regular dental monitoring in patients receiving denosumab 120mg. We included all ≥18-year-old
patients exposed to denosumab 120mg, bisphosphonate- and denosumab-naive, and with regular dental
monitoring (pre-treatment and every 4 months after denosumab initiation) at the University Hospital Center,
France, from 2015 to 2019. The crude incidence of denosumab-related osteonecrosis of the jaw was estimated per
100 person-years (95% confidence interval). Results: During the study period, 251 patients were included, of
whom 77 did not attend the 1st follow-up visit at 4 months. Almost all patients had osteonecrosis of the jaw risk
factors. Ten MRONJ cases were reported (four stage 0 and six stage 1). The crude incidence rate was 5.1 per 100
person-years (95% CI: 1.9–8.2). Denosumabwas stopped in all patients who developedMRONJ, with favorable outcome
for3 casesandstabilization in4casesafterosteonecrosisof the jawmanagement.Conclusion:This studysuggestedthat
a regular dental follow-up every 4 months may be a suitable option for prevention and early detection/treatment of
MRONJ. A randomized study should be performed to determine the best dental monitoring schedule.
Introduction

Bone metastases are major and frequent skeletal compli-
cations in many cancers, and they are associated with
considerable pain, increased mortality, and reduced quality
of life (QoL) [1–3]. Antiresorptive drugs, such as bisphos-
phonates at high doses (zoledronate acid, ibandronic acid, and
pamidronate acid) and denosumab 120mg (antibody against
receptor activator of nuclear factor kappa-B ligand, RANKL), are
used to reduce the risk of skeletal complications in adults with
advanced malignancies. Due to its higher efficacy in preventing
cancer-related skeletal complications [3–8], denosumab has
been gradually supplanting bisphosphonates, and the indica-
tion for denosumab 120mg might be expanded [9–12].
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Medication-related osteonecrosis of the jaw (MRONJ) is the
main, but rare, expected adverse effect of antiresorptive drugs
[13], with a severe impact on physical and mental health (e.g.,
pain, eating difficulties, reduced social contacts), and it is hard
to treat [14]. More than 90% of MRONJ cases are observed in
patients with cancer receiving high doses of zoledronate acid or
denosumab 120mg [15]. MRONJ pathogenesis is not fully
elucidated, and considering the well-known MRONJ risk factors
[6,16–19] (cumulative exposure to antiresorptive drugs, dental
extraction, denture wearing, etc.), dentists have an important
role in reducing MRONJ risk. As the pharmacological mecha-
nisms of bisphosphonates and denosumab are different [3,4],
specificities in the pathogenesis of denosumab-related MRONJ
cannot be excluded.

The American association of oral and maxillofacial surgeons
(AAOMS) in 2014 and the European Society for Medical
ttribution License (https://creativecommons.org/licenses/by/4.0), which permits
medium, provided the original work is properly cited.
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Oncology recommend in their updated guidelines a dental
checkup and when feasible, complete invasive dental treat-
ments before initiating therapies with bone-targeted agents.
However, they do not give any information on dental
monitoring after denosumab initiation [20,21]. In France,
whereas the French National Health Agency (ANSM) recom-
mends an every 4 months dental monitoring for patients
receiving bisphosphonates [22], there is no information on
follow-up visits for patients on 120mg denosumab [23,24].

To date, the impact of preventive measures on MRONJ
occurrence has been assessed in patients receiving bisphos-
phonate or denosumab, without differentiating between
treatments [25,26]. Moreover, data are limited on regular
dental monitoring in patients exposed to denosumab 120mg,
and practices seem to be heterogeneous [27,28]. To improve
the knowledge about practices for MRONJ prevention/early
detection, the aim of our study was to describe our experience
of regular dental monitoring of patients exposed to denosumab
120mg at the Dental Care Center of an University Hospital
Center in France. We estimated the crude incidence rate of
denosumab related-MRONJ, and described MRONJ stages and
the time to disease onset.

Materials and methods
Study design and setting

This was a retrospective cohort study based on the medical
and dental records of patients referred by their oncologist or a
specialist physician for a dental examination before denosumab
initiation and who were followed up at the Dental Care Center of
a single French University Hospital Center between September
10, 2015 and September 26, 2019. The study focused on
patients with regular dental monitoring.

Inclusion and exclusion criteria

Only adult patients (≥18 years) treated with denosumab
120mg (irrespective of the therapeutic scheme) with regular
dental monitoring at the Dental Care Center were included.
Patients who refused to participate, received bisphosphonates
or denosumab for osteoporosis before the prophylactic dental
measures (visit before starting denosumab 120mg) or had a
history of radiation in the maxillofacial area were excluded.
Patients who agreed to receive denosumab 120mg, to be
followed as explained in the regular dental follow-up protocol
(see below) of who were not dead, lost to follow-up or did not
missed the prophylactic dental care before the drug start were
included in the analysis.

Drug exposure

According to the summary of the product characteristics,
denosumab 120mg is injected once every 4 weeks. The monthly
injection was performed at the patient’s home by a nurse. The
date of the first denosumab injection was considered as the
follow-up start date (T0). The duration of drug exposure was
2

estimated by taking into account the cumulative number of
injections and five half-lives after the last injection.

Regular dental monitoring protocol

Before starting denosumab 120mg for any indication, the
following preventive dental measures were implemented:
(i) thorough dental assessment, including dental radiography,
dental panoramic radiographs, and periapical radiographs or
cone beam computed tomography of selected teeth, if needed;
(ii) complete information about the risk of MRONJ and oral
hygiene advices; (iii) presence of dental plaque, an indicator of
oral hygiene, using the Silness-Löe plaque index (PI): no plaque
(PI = 0), film of plaque visible in situ after application of
disclosing solution or by probing the tooth surface (PI = 1),
moderate accumulation of soft matter (PI = 2), abundant soft
matter (PI = 3); (iv) dentures were examined to assess their
fitting and the absence of any compression area and/or
pressure ulcers. Patients were reminded about the importance
of not wearing their dentures for approximately 8–12 hours per
day, at least during the night; (v) non-restorable teeth were
extracted. Only when extraction was needed, denosumab
injection was delayed until the mucosa has healed and
adequate bone remodeling has occurred, between 90 and 120
days, confirmed by a radiographic control. The post-dental
extraction radiographic control that confirms bone healing
after extraction was implemented from October 2016.

Then, follow-up visits were scheduled every 4 months
during and up to 4 months after the end of denosumab
treatment. A panoramic radiograph was performed at the pre-
treatment dental assessment and every 8 months during the
follow-up visits (after denosumab start). Panoramic radiograph
was mostly used for prevention purposes, and cone beam
computed tomography for diagnostic purposes in patients in
whom MRONJ development or dental infection was suspected.

After starting denosumab 120mg, invasive dental proce-
dures were contraindicated, when possible. In the event of
dental infections that could not be controlled without
extraction, elective dentoalveolar surgery was carried out at
the Dental Care Center after stopping denosumab treatment for
5 to 9 months to take into account the drug half-life
(temporization period). Indeed, a washout period equivalent to
five half-lives of denosumab is required to fully eliminate the
molecule. Extractions were performed under antibiotic prophy-
laxis (amoxicillin with clavulanic acid, or clindamycin with
metronidazole in cases of allergies), in an atraumatic manner,
and by smoothening the sharp bony edges and with thorough
mucosal wound closure using fibrin sealant. Fibrin sealant was
preferred due to its high concentration of fibrinogen and
thrombin that significantly hasten the formation of a fibrin
meshwork and protect the surgical site from oral contaminants.
Antibiotic treatment was continued until complete mucosa
healing (amoxicillin with clavulanic acid, or clindamycin with
metronidazole in cases of allergies). This schedule was
extrapolated from the ANSM guidelines to prevent bisphos-
phonate-related ONJ [22].



Table I. Staging proposed by the American Association of Oral and Maxillofacial Surgeons (AAOMS).

At risk No apparent necrotic bone in patients who have been treated with oral or intravenous bisphosphonates.
Stage 0 No clinical evidence of necrotic bone, but non-specific clinical findings, radiographic changes, and symptoms.
Stage 1 Exposed and necrotic bone or fistula that probes to bone in patients who are asymptomatic and have no

evidence of infection.
Stage 2 Exposed and necrotic bone or fistula that probes to bone associated with infection as evidenced by pain and

erythema in the region of the exposed bone with or without purulent drainage.
Stage 3 Exposed and necrotic bone or a fistula that probes to bone in patients with pain, infection, and ≥1 of the

following: exposed and necrotic bone extending beyond the region of alveolar bone (i.e., inferior border and
ramus in mandible, maxillary sinus, and zygoma in maxilla) resulting in pathologic fracture, extraoral fistula, oral
antra or oral nasal communication, or osteolysis extending to the inferior border of the mandible or sinus floor.

Exposed or probable bone in the maxillofacial region without resolution for longer than 8 weeks in patients treated with an antiresorptive or an
antiangiogenic agent who have not received radiation therapy to the jaws. Ruggiero et al. Medication-Related Osteronecrosis of the Jaw. J Oral
Maxillofac Surg 2014.
The definition and diagnostic criteria for bisphosphonate-related ONJ as stated by the AAOMS position paper are extended to encompass cases
associated with the use of any antiresorptive agent.
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If MRONJ was detected, denosumab was stopped, and a
conservative management was put in place during the period of
decreasing effectiveness of the antiresorptive drug. This
approach included rigorous oral hygiene, antibacterial mouth-
washes, systemicantibiotic therapy inthecaseof superinfection,
andnotwearingoverlyingdentures.MRONJsurgicalmanagement
was planned 5–9 months after denosumab withdrawal, depen-
ding on the exposure duration. Approximately 6 months after
denosumab interruption, bone sequestration may appear
spontaneously, as well as bone remodeling. Surgery was then
performedby a senior surgeon (RGand SCL),mostly undergeneral
anesthesia, followed by 5-day hospitalization with a gastric
probe. Onthe basis of our experience, a specific surgical approach
was used: (1) high full-thickness mucoperiosteal flap to reveal
the entire area of exposed bone; (2) extended resection of the
affected bone to reach healthy-looking and bleeding bone; (3)
sharp edge smoothing; (4) primary soft tissue closure with fibrin
sealant and appropriate mucosal or local muscleflap. Antibiotics
were administered from the day before and for at least 21 days
after the intervention. Mucosa healing and bone remodeling on
radiograph were monitored at week 5 and month 3 after surgery
(healing period), respectively. Denosumab re-introduction was
discussed on a case-by-case basis.

Outcome

The outcome was denosumab-related MRONJ occurrence
after treatment start. MRONJ diagnosis was confirmed by a
senior dental surgeon during a follow-up visit at the Dental Care
Center. MRONJ diagnosis and staging were based on the 2014
AAOMS updated criteria (Tab. I) [20].
Data collection and statistical analysis

Demographic and clinical variables were considered: sex,
age at the pre-denosumab dental assessment, primary cancer
type, current cancer treatments (e.g., chemotherapy, gluco-
corticoids, anti-angiogenic drugs), dental MRONJ-precipitating
factors (periodontal disease, removable dentures, implants,
dental extraction), MRONJ stage. Data were summarized using
descriptive statistics (i.e., mean and frequency).

The follow-up duration was estimated from denosumab
start to: the patient death, MRONJ diagnosis during exposure to
denosumab (the date of the follow-up visits at which MRONJ
diagnosis was made), the date of the last follow-up visit for
patients without MRONJ and still receiving denosumab, the
date of treatment stop plus five half-lives, or the study period
end, whichever occurred first. In the absence of information
on the exact number of injections between follow-up visits
(4 months), an arbitrary average number of 2 injections was
considered.

The crude MRONJ incidence rate was estimated by
dividing the number of denosumab-related MRONJ cases by
the cumulative denosumab exposure duration of all patients
(from denosumab initiation to the date of the follow-up visit
at which MRONJ was detected during treatment, or if no
MRONJ was detected, the date of the last follow-up visit
when the patient was still exposed or the date of treatment
stop), and expressed in person-years with the 95%
confidence interval (95% CI). Crude analysis was also
estimated by excluding patients who did not attend the first
4-month follow-up visit. For descriptive purposes, the
Kaplan-Meier method was used to estimate the event
(MRONJ)-free survival (EFS) rate by taking into account
interval-censored data. Indeed, the exact moment at which
the MRONJ occurred was unknown, although it occurred at
some point between the date of the last visit without MRONJ
and the date of the first visit with MRONJ (4 months). EFS was
estimated using the nonparametric maximum likelihood
estimator (NPMLE) and the survival curve data with
the EM-ICM algorithm available in the ICLIFETEST procedure
(SAS version 14.1).
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Fig. 1. Study flowchart.
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Ethical aspect

Ethical approval was granted by the University Hospital
research ethic committee (#19.140). Informed consent was
obtained from each patient.

Results

Between 2015 and 2019, 352 patients underwent a
prophylactic dental examination before denosumab initiation
at the University Hospital Center. Finally, on the basis of the
inclusion and exclusion criteria, 251 patients (73% of women)
were selected for this study (Fig. 1). MRONJ risk factors were
detected in 214 patients (85%) and MRONJ-precipitating
dental factors in 158 patients (63%). It should be noted that 12
patients who had dental extractions started denosumab only
after mucosal healing, without bone remodeling achievement
control (since the radiographic control was put in place in our
protocol later). Two patients with lung cancer started
denosumab despite the presence of chronic oral infections
at the prophylactic visit, due to the treatment urgency. The
patients’ baseline characteristics are described in Table II and
the results of the pre-treatment dental assessment in Table III.
After denosumab start, all patients received one injection
monthly, except five patients with giant cell tumor who
received four injections in the first month, followed by one
injection monthly, and two patients who received two
4

injections in the first four months (instead of four) followed
by one injection monthly. Moreover, for the 33 patients who
died close to the 4-month visit, 13 patients who were lost to
follow up before 4 months (8.8% of patients), and 31 patients
who did not reach 4 months of treatment (due to administrative
censoring), it was arbitrarily considered that they received two
denosumab injections in total. At the study end, 25 patients
had completed the treatment (10 to 30 injections; duration of
denosumab treatment was decided by the oncologist).

During the follow-up, five patients (2%) presented dental
pathologies (after 7 to 12 injections) that required extraction
of the causal tooth. None of these patients developed
secondary bone events during the period of denosumab
withdrawal for dental pathology treatment. Three patients
could restart treatment after alveolar bone healing without any
new oral event during the rest of the follow-up (3 injections for
two, and 8 injections for one patient).

Among the 251 patients, 10 MRONJ cases were observed
that were classified as stage 0 or 1 (Tab. IV). Figure 2 shows the
distribution of patients with and without MRONJ according to
the denosumab exposure duration. The crude MRONJ incidence
rates were 4.5/100 person-year (95% CI: 1.7–7.3) for the whole
population, and 5.1/100 patient-year (95% CI: 1.9–8.2) when
excluding the 77 patients who did not attended the first
4-month follow-up visit. The MRONJ-free survival rate was
>80% at 24 months (Kaplan-Meier survival curve in Fig. 3). All
MRONJ cases were reported to the Pharmacovigilance Regional



Table II. Patients’ baseline characteristics.

n %

Sex Men 68 27
Women 183 73

Age (years) Median
Min � Max
Q1 � Q3

63
26 � 91
54 � 71.5

Primary cancer Breast 165 65.7
Prostate 42 16.7
Lung 12 4.8
Kidney 7 2.8
GCT* 5 2.0
Other† 20

Cancer treatment Hormone therapy‡ 175 69.7
Chemotherapy 119 47.4
PKI TKI 94 37.5
Included Palbociclib 86
Immunotherapyx 26 10.4
Anti-angiogenic drugs¶ 28 11.2

Comorbidity
Corticosteroids 49 19.5
Diabetes mellitus 9 3.6
Tobacco 8 3.2
Anemia 4 1.6

Treatments and groups are not mutually exclusive, patients could receive one or more treatments.
*GCT : Giant-Cell Tumor of bone.
PKI: Protein kinase inhibitors; TKI: Tyrosine kinase inhibitors.
†Other primary cancer: colon (3), bladder (3), thyroid (3), endometrium (2), testis (1), rectum (1), pancreas (1), esophagus (1), melanoma (1),
nasopharyngeal (1), cervix (1), ethmoid sinus (1), not found (1).
‡Main treatments (>2% of patients): letrozole (75), fulvestrant (42), enzalutamide (17), abiraterone acetate (18), leuprorelin acetate (15),
tamoxifen (14), triptorelin (13), exemestane (11), degarelix acetate (7), anastrozole (6).
xMain treatments (>2% of patients): trastuzumab (12), pertuzumab (7), nivolumab(7).
¶Anti-angiogenic drugs: everolimus (14), sunitinib malate (3), pazopanib hydrochloride (2), cabozantinib malate (2), bevacizumab (7).
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Center at the University Hospital Center. Denosumab was
stopped in all patients with MRONJ, without any skeletal-
related event. Regarding the outcome of the MRONJ, resolution
was observed in one case, improvement in two (during post-
surgical healing period), stabilization in four cases (observed
during the temporization period), and one case worsened after
surgery on the affected tooth; two patients died during the
temporization period. Only one patient (patient #1) started
again denosumab 6 months after surgery for MRONJ and bone
healing control, without MRONJ recurrence after 4 months of
denosumab treatment, suggestive of a complete MRONJ
resolution. MRONJ risk factors were identified in all 10 patients
who developed MRONJ (Tab. IV). Specifically, periodontal
disease, which concerned almost 25% (n = 60) of the cohort,
was observed in 90% of patients with MRONJ, and acute
episodes of periodontitis (local infection) in three of them
(patients #5, #7, #8). Among the 12 patients who started
denosumab without bone remodeling achievement after tooth
extraction, two developed MRONJ (patients #1 and #2) in the
unhealed post-extraction socket. Among the 72 patients with
dentures, 6 developed MRONJ, and denture compression was
considered to be a precipitating factor in 5 of them. Concerning
the 2 patients with lung cancer and oral infection who started
denosumab in emergency, one did not show any dental problem
during the follow-up (7 injections), while the second was lost
to follow-up before 4 months.
Discussion
MRONJ incidence rate and early detection

Between 2015 and 2019, at the Dental Care Center of a
single University Hospital Center in France, among the 251
patients with regular dental follow-up before and during
denosumab treatment (every 4 months), 10 cases of MRONJ
were diagnosed. Excluding the 77 patients who did not
attended the first 4-month follow-up visit, the crude incidence
rate of 5.1/100 patient-years (95% CI: 1.9–8.2). Only MRONJ
stages 0 or 1 were observed, between 8 and 24 months after
denosumab start. The delays are consistent with American and
5



Table III. Baseline oral characteristics.

n %

Oral PI0 � PI1 166 70
hygiene PI2 � PI3

Not applicable (i.e., edentulous)
72
13

30

Periodontal disease 60 23.9
Removable denture 72 28.7

Maxillary (mx) 27 10.8
Mandibular (md) 4 1.6
Mx and md 26 10.4
Bimaxillary 15 6.0
Not suitable 12 16.7*

Implants 13 5.2
Mean implant number
Standard deviation

3.8
3.0

Pre-denosumab extractions
95 37.8

Mean number of extracted teeth
Standard deviation

2.7
2.9

Min-Max 1 � 18

Bimaxillary: these are totally edentulous patients with complete bimaxillary removable prostheses.
*Not suitable dentures: 16.7% of the 72 patients with removable dentures.
PI: Silness and Löe plaque index. PI = 0, no plaque; PI = 1, film of plaque visible in situ after application of disclosing solution or by probing the
tooth surface; P = 2, moderate accumulation of soft matter; P = 3, abundant soft matter.
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Japanese studies that reported MRONJ appearance after a
median number of 11.5 denosumab injections, and a median
time of 10 months after denosumab start, respectively [25,27].

According to the AAOMS and literature data, between 0.7
and 11.4% of patients treated with denosumab 120mg for
cancer will develop MRONJ [5,7,15,18,20,25–29]. Most of
these studies did not take into account the implementation of
dental preventive measures. Variability in MRONJ incidence
could be related to methodological choices, for instance,
excluding patients with dental risk factors of MRONJ or pooling
all the drugs. Several studies did not provide information on
MRONJ stage, and the others mainly reported stage 1 to 3.
A recent QoL analysis in patients with MRONJ suggested that
higher MRONJ stage is associated with worse QoL, with the
most marked difference between stage 1 and 2 [14].

Since 2010s, international recommendations to prevent
MRONJ in patients receiving bone-targeting agents or
denosumab 120mg advocate a systematic dental check-up
before treatment initiation, but do not give precise information
on follow-up visits after denosumab initiation [20–23]. This
has led to heterogeneous practices around the world. In a
recent French retrospective study in the Loraine region that
identified nine cases of MRONJ among 141 patients treated
with denosumab 120 mg, regular dental monitoring (follow-up
visit once per month for 6 months) concerned only 25.5% of
patients [28]. An American study suggested the preventive role
of regular dental check-ups in MRONJ, based on their 10-year
experience in a cancer center in New York, USA, with a
follow-up every 3 months for the first 2 years and biannually
6

thereafter, without information on drugs and MRONJ stages
[25]. A Japanese study also emphasized the value of regular
dental monitoring, despite the fact that nearly 50% of the
diagnosed MRONJ cases were stage 3 and the implementation
of oral check-up visits before denosumab initiation and every
month thereafter [27]. This finding could be explained by a less
complete dental monitoring protocol (not described in the
Japanese study) than the one carried out in our center.
MRONJ risk factors

Dental extractions, periodontal disease, dentures, chemo-
therapy and anti-angiogenic therapy are known MRONJ risk
factors [6,18,19]. They concerned almost 85% of patients in
our cohort and all patients with MRONJ.

Socket bone remodeling after tooth extraction is recom-
mended before denosumab initiation to minimize the MRONJ
risk. Previous studies proposed a delay of 14–21 days (i.e., just
after mucosal healing) [25,27,28]. In our local experience,
while we used this delay initially (12 patients concerned), we
modified our dental monitoring protocol in late 2016 to extend
the delay at 90 days (except for patients with therapeutic
emergency for whom delay was reduced) with routine
radiological confirmation of bone healing, as suggested in a
recent review by Nicolatou-Galitis et al. in 2019 [6].

It should be noted that the presence of MRONJ risk factors
and MRONJ occurrence in one patient of our cohort did not
contra-indicate denosumab restart after MRONJ management.
A previous study described MRONJ occurence 13 months after
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Fig. 2. Number of cases of MRONJ in function of denosumab exposure
duration (number of injections).

Fig. 3. Estimated MRONJ-free survival. Times in months.
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denosumab 120mg initiation in a patient who was previously
treated with zoledronic acid and had periodontal disease and
tooth extraction [30]. Bone sequestration was observed
9 months after denosumab withdrawal and the drug was
reintroduced 11 months after discontinuation, without bone
exposure at the MRONJ sites. In the summary of product
characteristics for Xgeva® (denosumab 120mg), MRONJ
occurrence is not identified as a contraindication to its
reintroduction, and is not mentioned by ANSM [22].

Study strengths

First, the originality of our study is the individual and
preventive management of patients treated with denosumab
120mg by monitoring dental risk factors of MRONJ before and
during the follow-up, according to a standardized protocol used
by all dental surgeons at the Dental Care Center.
8

Second, to limit confusion due to drug indication
heterogeneity and immortal time bias, we included only
patients who never used denosumab and without history of/or
current treatment with bisphosphonates or with lower doses
(60mg) of denosumab.

Study weaknesses

First, a selection bias could exist since patients could have
been referred elsewhere than the Dental Care Center. But
because this is a referral center for performing dental
monitoring, especially in cancer patients exposed to anti-
resorptive drugs, we assume the number of patients who were
referred elsewhere is marginal.

Second, considering the observational and retrospective
design of our study, data could be incomplete or missing, and
the patient follow-up limited to the medical records of our
Dental Care Center. But we assume that MRONJs are
preferentially managed in our Dental Care Center rather in
general dental practitioners.

Third, the precise date of MRONJ onset could not be
determined because the diagnosis was made during the follow-
up visits at the Dental Care Center. Thus, the time to MRONJ
onset was potentially overestimated. However, the regular
dental follow-up every 4 months for all patients of our cohort
partially reduced this bias. To take into account this point, we
performed an EFS estimation with interval-censored data. The
short follow-up and early death (a competitive event in MRONJ
detection) before the first follow-up visit of some patients also
limited the possibility of MRONJ detection. Nevertheless, the
low percentage of patients lost to follow-up (8.8%) demons-
tration the importance of this regular check-up that
should be integrated in the management of these
patients.

Four, the diagnosis of stage 0 MRONJ was introduced only in
2018. Therefore, some previous stage 1 MRONJ cases might
have been diagnosed later than their real onset time. It is
interesting to note that the only two MRONJ cases detected
before 2018 were diagnosed at stage 1.

Finally, considering that MRONJ is a rare event, the small
size of our study population, with only ten MRONJ cases
observed, is an important limitation. Therefore, we did not
have the statistical power to reliably estimate the risk of MRONJ
in patients receiving denosumab 120mg, or to assess the
impact of potential risk factors.

Overall, considering the heterogeneity of dental monitoring
(frequency and type of check-up), the impact of MRONJ stage
on the patients’ QoL and the limitations of our retrospective
observational study, it is now important to perform a
multicenter randomized controlled trial to determine the best
dental monitoring schedule to prevent MRONJ. A cost-
effectiveness study could be also be interesting. To best of
our knowledge, in France, no study compared dental monitoring
schedules to prevent MRONJ and no cost-effectiveness study
has been carried out.
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Conclusion

As MRONJ can negatively affect patients’ QoL, it is
important to determine in a dedicated randomized study,
the best dental monitoring schedule for MRONJ prevention.
This study suggested that a regular dental follow-up every
4 months may be a suitable option for prevention and early
detection/treatment of MRONJ.
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