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Antiresorptive-related osteonecrosis of the jaw (ARONJ) is a rare but serious adverse event of bisphosphonate or denosumab admin-

istration; it is associated with severe pain and a deteriorated quality of life. Since its first report in 2003, there have been many stud-

ies on its definition, epidemiology, pathophysiology, diagnosis, and treatment. Nevertheless, the epidemiology and mechanisms un-

derlying this condition have not yet been fully delineated and several risk factors are known. Moreover, as there is no effective treat-

ment currently available for osteonecrosis of the jaw, prevention is essential. Furthermore, close cooperation between prescribing

physicians and dentists is important. The aim of this review was to provide up-to-date information regarding the risk factors and pre-

vention of ARONJ from a physician’s perspective.
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INTRODUCTION

Bisphosphonates (BPs) are the most widely used class of drugs
for osteoporosis treatments in Korea. Long-term use-related rare
side effects such as osteonecrosis of the jaw (ONJ) and atypical
femur fracture have been reported for these drugs; hence, it is
recommended that decision to discontinue BPs after 3 to 5 years
of BP treatment should be considered for women not at high
fracture risk [1]. Bisphosphonate-related osteonecrosis of the
jaw (BRONJ) was first described by Marx [2] in 2003. Since
then, the scope has been expanded through many cases and re-
lated studies.

In addition to BPs, the anti-receptor activator of nuclear factor-
kB (RANK) ligand (RANKL) antibody, denosumab, a powerful
antiresorptive drug, is effective against bone loss in patients with
osteoporosis [3]. Although no ONJ occurrence was reported dur-

ing the early clinical study [3], the first report of ONJ in patients
treated with denosumab was published in 2010 [4]. Therefore, the
name “denosumab-related osteonecrosis of the jaw” (DRONJ)
was proposed [5]. As it became clear that ONJ was related to the
administration of antiresorptives, it was renamed “antiresorp-
tive-related osteonecrosis of the jaw” (ARONJ) by the Ameri-
can Dental Association in 2011 [6]. Subsequently, in 2014, the
American Association of Oral and Maxillofacial Surgeons
(AAOMS) proposed the expanded designation “medication-re-
lated osteonecrosis of the jaw” (MRONJ) to include ONJ
caused by anti-angiogenic agents and antiresorptives [7].

The first definition of ARONJ was published by AAOMS in
2007 and has since been updated twice. ARONIJ is defined as an
area of exposed bone or bone that can be probed through an in-
tra- or extraoral fistula in the maxillofacial region, persisting for
over 8 weeks in patients who are currently receiving or have
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previously received treatment with antiresorptive and who have
no history of radiotherapy to the jaw or obvious metastatic dis-
ease to the jaws. This definition has been adopted on a wide
scale internationally and used in position papers published in
Korea [8] and Japan [9].

Although it has now been over a decade since the first report
of ARONJ, the mechanisms underlying this condition are not
yet clear. Several factors are likely to be involved; most impor-
tantly, infection/inflammation [10,11] as well as impaired bone
repair [12], altered immunity [13], soft tissue toxicity [14], and
angiogenesis inhibition [15] after exposure to BPs or denosum-
ab. As local dental and periodontal infection play a major role in
the occurrence of ARONJ, oral hygiene management through
periodic dental check-ups has been suggested as an important
approach for prevention. Moreover, there is still no effective
treatment for ARONJ; thus, prevention is essential. The aim of
this review was to provide up-to-date information regarding the
risk factors and prevention of ARONIJ from the point of view of
a physician.

ANTIRESORPTIVE-RELATED FACTORS

Bisphosphonate

BPs are synthetic analogues of pyrophosphates that tightly bind
to hydroxyapatite and inhibit osteoclastic bone resorption [16].
Indeed, the half-life of BPs in circulation is quite short, ranging
from 30 minutes to 2 hours; however, once they have been in-
corporated into bone tissue, they have a long biological skeletal
half-life, estimated to be up to 10 years [17].

BPs constitute the mainstay of therapy for the treatment of os-
teoporosis and metabolic bone disease, as well as of hypercalce-
mia of malignancy and bone metastases in solid tumor and mul-
tiple myeloma (MM). Currently in Korea, there are five BPs ap-

proved for aforementioned indications: alendronate, risedronate,
ibandronate, pamidronate, and zoledronate. In patients with os-
teoporosis, low-dose oral or intravenous (IV) BPs are used, but
in patients with metastatic bone disease, high-dose IV BPs are
mainly used (e.g., zoledronate 4 mg IV every 4 weeks) (Table 1).

The first cases of ARONJ were reported in 2003; in patients
receiving pamidronate or zoledronate, Marx [2] reported 36
cases of painful bone exposure in the mandible and/or the max-
illa. Moreover, many studies have cited both the incidence and
prevalence of ARONJ. However, it is difficult to estimate the
exact incidence and prevalence in observational studies due to
the complex diagnostic criteria of ARONJ. According to the
consensus report published by the International Task Force on
ARONJ [18], the incidence of ARONJ in patients with osteopo-
rosis prescribed low-dose oral BPs or IV BPs ranges from 1.04
to 69 per 100,000 patient-years and from 0 to 90 per 100,000
patient-years, respectively. In patients with metastatic bone dis-
ease treated with high-dose IV BPs, the incidence of ARONJ
ranges from 0 to 12,222 per 100,000 patient-years [18].

In Korea, Hong et al. [19] first reported that the estimated
prevalence of ARONJ was 0.05% to 0.07% when oral BP used
in one hospital by the retrospective review of medical charts in
2010. In addition, the Korean Association of Oral and Maxillo-
facial Surgeons (KAOMS) reported the preliminary results of a
nationwide survey that a total of 254 cases of ARONJ occurred
in 2008 based on 600,000 patients who were prescribed BPs,
and the estimated frequency of ARONJ was 0.04% (1/2,300 BP
patients) [20]. In a recent study using Korean claim-data that
followed 164,926 new BP users and matched-controls for 4
years, the cumulative incidence rates of ARONJ were 20.9 and
6.9 per 100,000, respectively (0.02% vs. 0.006%) [21]. The ad-
ministration route (oral vs. IV) or BP classification was not sig-
nificantly related to the risk of ARONIJ. In cancer patients, Choi

Table 1. Dose and Frequency of Antiresorptive Agents Related to Antiresorptive-Related Osteonecrosis of the Jaw

Antiresorptive Low dose (for osteoporosis)

High dose (for bone metastasis)

Bisphosphonate
Alendronate 70 mg PO weekly or 10 mg PO daily
Risedronate 5 mg PO daily or 35 mg PO weekly or 150 mg PO monthly
Ibandronate 150 mg PO daily or 3 mg IV every 3 months
Pamidronate 30 mg IV every 3 months 90 mg IV every 4 weeks
Zoledronate SmglV yearly 4 mg 1V every 3—4 weeks
Denosumb 60 mg SC every 6 months 120 mg SC every 4 weeks

PO, per oral; IV, intravenous; SC, subcutaneous.
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et al. [22] reported that the overall incidence of ARONJ was
6.9% (9/130 MM patients, 6,923 per 100,000 patient-year) in
one center. However, due to the limitations of each study, the
exact incidence of ARONJ is currently unknown when using
BP in Korea.

Exposure of BP

Risk factors associated with the use of BP include drug potency,
administration route (orally or IV), and duration of treatment.
Because the high-dose BP used in cancer patients is [V BP, there
are reports that patients with IV BP have a higher risk of devel-
oping ARONIJ than those taking oral drugs. However the main
factor for the development of ARONJ is the cumulative expo-
sure to BP, considering both the dose and the frequency. There
are many studies that report an increase in the risk of ARONIJ as
the exposure to BP increases, but it is difficult to establish a def-
inite threshold period because the method of evaluating BP ex-
posure is different in each study. In addition, since the effect of
BPs may persist for some time after treatment has been stopped,
it may be difficult to assess the risk of patients with a history of
taking previous medications.

In a survey study of over 13,000 Kaiser Permanente mem-
bers, the risk of ARONJ in patients with osteoporosis was dou-
bled when oral BPs were taken for more than 4 years [23]. Oral
BP exposure was determined using the health plan pharmacy
databases, with prescription records available from 1994 to
2008. Barasch et al. [24] showed that the risk for ARONJ in-
creased after 5 years of BP treatment in non-cancer patients in a
case-control study based on large networks of dental practices
in the USA. Duration, frequency, and dose of BP exposure were
collected during the patient telephone interview. However, in an
aforementioned Korean study with claim records from 2012 to
2016, defined daily dose (DDD) was used to assess the duration
of treatment; it was found that the risk for ARONJ was 2.8- and
3.0-fold higher in BP users with DDD 365 to 729 and DDD =
730 than in BP users with DDD <365 [21]. Another case-con-
trol study in Korea assessed BP exposure over 2 years prior to
ARONI using cumulative drug exposure (CDE). The risk of
ARONIJ was five times higher in patients with 1.5 years< CDE
<2 years than in those with 0< CDE <0.5 years [25]. There-
fore, to date, no clear threshold of duration of BP treatment that
does not cause ARONI has been identified.

Denosumab
Denosumab is a fully human monoclonal antibody that has a
different mode of action from that of BP [3]. It targets and binds
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to the RANKL; in doing so, it prevents the activation of RANK
on the surface of osteoclasts and osteoclast precursors. Inhibi-
tion of the RANKL-RANK interaction interferes with osteo-
clast formation, function, and survival, leading to decreased
bone resorption [26]. It has a short half-life of approximately 25
to 32 days. It is used to treat osteoporosis, bone cancer (primary
and metastatic), and giant cell tumor. In patients with osteopo-
rosis, 60 mg is administered by subcutaneous (SC) injection ev-
ery 6 months; in patients with cancer, 120 mg is administered
monthly. Denosumab has a more potent antiresorptive effect
than BPs and is effective even in patients who are non-respon-
sive to BPs. In addition, unlike BP, denosumab does not perma-
nently bind to the bone matrix; hence, the effect is reversible.
The inhibitory effect on bone resorption disappears after stop-
ping drug administration.

Shortly after denosumab was clinically introduced, ARONJ
cases involving high-dose denosumab treatment for patients
with cancer began to emerge in 2010 [4,27]. In Korea, the oc-
currence of ARONJ was reported in 2015 after the administra-
tion of high-dose denosumab to patients with breast cancer [28].

In patients with osteoporosis using low-dose denosumab,
ARONIJ was not reported in the first 3-year randomized con-
trolled trial (RCT) [3]. However, in the extension study, 13 cas-
es of ARONJ were reported after administration of low-dose
denosumab for up to 10 years, resulting in an incidence of
ARONJ of 50.2 per 100,000 patient-years [29]. Therefore, the
duration of osteoporosis treatment is important even at low dos-
es. In osteoporosis patients treated with denosumab, the inci-
dence of ARONIJ ranges from 0 to 30.2 per 100,000 patients per
year [18].

Two phase III studies of breast and prostate cancer reported
that the incidence of ARONJ was 1.1% during the 1st year of
denosumab treatment and increased to 4.1% in subsequent years
[30]. A meta-analysis of six RCTs did not show a significant dif-
ference in the risk of ARONIJ between the denosumab and zole-
dronate groups in patients with bone metastases [31]. However,
other systemic analysis showed that seven of the total 35 clini-
cal trials using denosumab reported ONJ cases, all with high
doses of 120 mg for cancer treatment. Analyses showed that the
risk of ARONJ appeared to be more severe with denosumab
than with zoledronate in six studies, but the incidence of ONJ
was low at 0% to 2% over the 13 to 21 months of treatment
[32]. Currently, the risk of ARONJ in patients with cancer under
treatment with denosumab is estimated to be comparable to that
in patients treated with zoledronate and is estimated to be be-
tween 0.7% and 6.9% [33]. In addition, ARONJ may develop
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rapidly in patients who switch from BP to denosumab [34],
thus, caution is necessary from a prescribing physician’s per-
spective.

Other antiresorptives
Raloxifene is a weak antiresorptive agent that is classified as a
selective estrogen receptor modulator [35]. It is commonly used
for the prevention and treatment of osteoporosis in postmeno-
pausal women and was recently approved to reduce the risk of
breast cancer [35]. Raloxifene can be used to treat osteoporosis
in the event of ARON. However, recent reports of raloxifene-re-
lated ONJ have raised concerns about the relevance [36,37].
Romosozumab, a monoclonal antibody against the Wnt in-
hibitor sclerostin, demonstrates a dual effect of increasing bone
formation and decreasing bone resorption [38]. This antiresorp-
tive effect raises the concern of possible ARONJ development
in patients treated with sclerostin antibodies. In a phase III os-
teoporosis trial, two cases of ARONJ were reported in romoso-
zumab-treated individuals [38]. One case occurred after 12
months of romosozumab treatment related to an inadequate
denture and another case occurred after 12 months of romoso-
zumab treatment and one dose of denosumab related to a tooth
extraction. A recent animal study evaluating the effects of the
osteoporosis treatment dose of Scl-Ab on the development of
ARON/J-like lesions in ovariectomized rats with experimental
periodontitis showed that, similar to controls, no radiographic or
histologic signs of ONJ-like lesions were observed [39]. This
drug has not been used for long; therefore, follow-up studies are
needed, but ARONI related to romosozumab is considered rare.

TRIGGERING LOCAL FACTORS

In addition to the use of antiresorptives, many studies have tried
to identify the risk factors for ARONJ, such as comorbid diseas-
es, medications, and triggers (Table 2). However, it is not yet
known which factor is most influential on the course and prog-
nosis of ARONJ. Still, it is universally accepted that the pres-
ence of dental disease and local infection are key triggering fac-
tors for ARONJ [11,40,41]. This is related to the question of
why drug-related osteonecrosis occurs specifically in the jaw
and not in other bone. This may be due to the unique anatomical
and microbiological characteristics of the oral cavity. The jaw-
bone is frequently exposed to local infections and surgical pro-
cedures due to the presence of teeth, which allow the entry of
colonized microbial flora in the oral cavity [42]. Another factor
is that the jawbone is a region with a high rate of remodeling;
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Table 2. Risk Factors Associated with Antiresorptive-Related
Osteonecrosis of the Jaw

Drug
Antiresorptive (bisphosphate, denousmab)
Antiangiogenic drug
Glucocorticoid

Dental factor
Dental/periodontal infection
Tooth extraction
IlI-fitting denture
Implant
Poor oral hygiene

Old age

Women

Smoking

Comorbidity
Cancer
Diabetes mellitus
Anemia
Dialysis
Rheumatoid arthritis

hence, there is a high possibility of accumulating microdamage
when using BPs [43]. Moreover, ARONIJ occurs twice as often
in the mandible as in the maxilla, which may be attributed to the
enhanced spread of infection because of decreased vascularity
in the mandible [44].

Tooth extraction has been reported as the most frequent event
to occur prior to ARONJ [45]. After tooth extraction, the risk of
ARONI has been estimated to be 0.5% in patients using oral
BPs [46] and 1.6% to 14.8% in patients with cancer using IV
BPs [7]. Therefore, most recommendations for dental care for
patients taking antiresorptives have included advice against
tooth extractions [7-9]. However, a growing number of reports
suggest that tooth infection rather than tooth extraction is a ma-
jor risk factor for ARONJ. This means that prior to tooth extrac-
tion, osteonecrosis may already be present associated with den-
tal disease, such as periodontitis, which may have led to tooth
extraction [40]. This needs to be further clarified.

Other local factors identified include dentures and implants.
Among patients with cancer or IV BPs, dentures have an at least
two-fold greater risk for ARONJ, likely resulting from the
chronic irritation of tissue [47]. Evidence for an association be-
tween implants and ARONI is controversial. IV BP therapy in
patients with cancer is considered a clear contraindication for
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dental implants [48]. However, a systemic review including
eight studies found insufficient evidence that the use of BP neg-
atively affects implant survival [49]. A Japanese study also re-
ported that inserting dental implants before IV BP administra-
tion was not a risk factor in patients with breast cancer [50]. In a
Korean study, tooth extraction and periodontal disease were
factors that increased the risk of ARONJ by 9.9- and 4.8-fold,
respectively, but implants were associated with a decrease in the
risk of ARONIJ [21]. In addition, in a recently published study,
Ryu et al. [51] analyzed the relationship between implants and
ARONJ in Korean patients with osteoporosis aged 70 years and
older and reported that implants were not a risk factor for
ARONJ development. It is believed that this is because the im-
plant is performed only if the tooth is extracted and there are no
complications thereafter. In Korea, since 2014, as implants have
been covered by national insurance for elderly patients, the
number of procedures has been increasing. As this raises con-
cerns about an increase in the occurrence of ARONJ, prophy-
lactic dental care based on individual risk assessments should
be strongly recommended.

SYSTEMIC RISK FACTORS

Most cases of ARONJ occur in association with antiresorptive
use in patients with cancer, such as breast cancer, MM, prostate
cancer, and renal cancer, rather than in patients with osteoporo-
sis [45]. The risk is further increased with concomitant use of
glucocorticoids, chemotherapeutic agents, antiangiogenic thera-
py, or radiation therapy [52]. Diabetes mellitus, rheumatoid ar-
thritis, anemia, hyperthyroidism, dialysis, etc. have been report-
ed as comorbidities that increase the risk [8,9]. Lifestyle and de-
mographic factors, such as increased age, being female, smok-
ing, and obesity, have been reported to be associated with an in-
creased risk of ARONIJ [53,54]. In a Korean study, there was no
gender difference, and age was an independent risk factor for
ARONIJ development. Patients older than 80 years of age have
a three-fold higher risk for ARONJ than relatively younger pa-
tients aged 50 to 59 years [21].

It is also interesting to note that no cases of ARONJ associat-
ed with long-term IV BP therapy have been reported in children
[55]. However, there remains little evidence to explain the dif-
ferent effects of antiresorptives on bone metabolism in children.

INDIVIDUAL RISK CATEGORIZATION

For the prevention of ARONJ, it is important to understand the
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individual risk level of patients receiving antiresorptive treat-
ment through communication between the physician and the
oral surgeon and to take appropriate measures accordingly. The
frequency of ARONIJ is intrinsically linked to the cumulative
exposure to and the potency of the antiresorptives as well as the
comorbidities. A recent review recommended assessing each in-
dividual’s risk and implementing prophylactic therapy, taking
into account the treatment regimen, duration, and risk factors
[56,57]. As for the therapeutic regimen, BP and denosumab
used for osteoporosis treatment are classified as low doses;
monthly zoledronate 4 mg IV and denosumab 120 mg SC ad-
ministration for patients with cancer are classified as high doses.
High-dose use should be considered a high-risk factor for
ARONIJ occurrence, regardless of the duration of treatment or
the presence of risk factors. A low risk is considered only when
a low-dose treatment duration is short and there are no risk fac-
tors. Here, there is controversy regarding the cutoff of the treat-
ment duration. According to AAOMS and other groups [7,24],
4 years is suggested as the cutoff for low-dose BP treatment;
however, in recent reviews, 3 years has been proposed as a cut-
off based on studies reporting an early occurrence of zoledro-
nate- and denosumab-associated ARONIJs [29,58]. Nonetheless,
as mentioned earlier, it is difficult to determine a safe period in
which ARONJ does not occur; thus, it is important to take into
account the overall risk considering other risk factors.

PROPHYLACTIC DENTAL CARE

Primary prevention for ARONI refers to the elimination or re-
duction of oral and dental risk factors by applying appropriate
protocols for patients before and during antiresorptive treat-
ment.

Before antiresorptive treatment

In the high-risk patient group, most of the current guidelines
recommend a dental visit before starting antiresorptive therapy
and periodic dental visits thereafter [9,34,56,57]. Preventive
dental care for high-risk patients includes extracting teeth with a
poor prognosis, checking dentures, and actively treating infec-
tions. It is also necessary to educate patients on oral hygiene
management and ARONIJ-related symptoms and to advise them
to quit smoking. All invasive dental procedures should be com-
pleted at least 2 weeks to 1 month in advance as the mucosa
must heal before starting the antiresorptive treatment [9,56].
However, in the low-risk patient group, general oral care guide-
lines are provided and pre-treatment dental visits are recom-
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mended only if they are unable to practice the guidelines them-
selves.

During antiresorptive treatment

According to the clinical practice guidelines of the American
Society of Clinical Oncology (ASCO), planned invasive dental
procedures, such as tooth extraction, alveoloplasty, and im-
plants, should not be performed during antiresorptive therapy in
patients with cancer. However, if an invasive dental procedure
is unavoidable because the dental problem is not resolved with
conservative treatment, it can be performed according to the
standard protocol [59]. In addition, invasive dental treatment
should be carried out with caution even in the high-risk group
with a long duration of antiresorptive treatment or comorbidi-
ties. For patients at low risk of developing ARONYJ, there is no
need to change, or delay, planned dental treatment. To minimize
the risk of ARONJ, clinicians should recommend the use of an-
tibacterial mouthwashes and systemic antibiotics before and af-
ter the procedure.

TEMPORARY DISCONTINUATION OF THE
DRUG

When a patient receiving antiresorptives must undergo dental
surgery, it is controversial whether to temporarily stop the anti-
resorptives (Table 3) [7-9,17,33,57,60]. Drug holiday discussed
in relation to ARONIJ can have two meanings in practice. One is
the case of stopping the drug for a certain period prophylactical-
ly before dental surgery, and the second is the case of stopping
the drug after ARONJ occurs. Once ARONI is diagnosed, anti-
resorptive treatment is discontinued until the treatment of
ARONJ is complete; therefore, controversy exists regarding the
choice for prophylactic discontinuation. If an invasive dental
procedure is unavoidable in a patient who is already using anti-
resorptives, discontinuation of the antiresorptives before the
dental procedure is not necessarily recommended in the low-
risk patient group. In high-risk patients, discontinuation of anti-
resorptives may be considered, owing to the risk of fracture and
ARONYJ, after discussion between the prescribing doctor and
the dentist.

Bisphosphonates

When using BPs in patients with osteoporosis, the guidelines of
the advisory board of the U.S. Food and Drug Administration,
AAOMS, and others, including those of Korea and Japan, rec-
ommend BP discontinuation 2 months before dental treatment
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for high-risk groups considering the treatment duration and risk
factors [7-9].

According to oncology guidelines, for patients with cancer
receiving high-dose IV BP, the decision to discontinue should
also consider whether discontinuation of the drug may aggra-
vate bone metastases [34]. A recent meta-analysis reported that
withdrawal for high-dose antiresorptives did not reduce the risk
of ARONJ in patients with cancer [61]. Considering the long
half-life of BPs, stopping the drug may have no effect. In partic-
ular, for zoledronate, which is effective for up to 5 years after a
single administration, the notion of stopping does not seem ap-
propriate [62]. It may be helpful to delay dental procedures as
far as possible from the last injection. According to recent Ital-
ian guidelines, it is recommended that the last administration of
BPs in patients with or without cancer should be done at least 1
week before invasive dental procedures and that BP administra-
tion should be resumed at least 4 to 6 weeks after the mucous
membrane has healed [46].

Denosumab
Unlike BP, denosumab has a reversible effect; therefore, discon-
tinuation of the drug may be highly effective in reducing the
risk of developing ARONJ. However, since the administration
interval of denosumab is long in patients with osteoporosis, it is
more reasonable to set an appropriate time for dental procedures
rather than to discontinue the drug. After a single dose of deno-
sumab, the bone resorption marker, C-terminal telopeptide of
type I collagen (CTX), reaches its lowest level within 3 to 7
days and remains suppressed for at least 150 days. If the second
dose is not administered after 6 months, the CTX level increases
above the baseline within 3 months (9 months after the last in-
jection). Hence, a delay of approximately 2 months may not in-
crease the risk of problems that may occur because the bone
turnover increases beyond normal, for example, in rebound ver-
tebral fracture. According to these pharmacokinetic parameters,
it is possible to identify an appropriate time for invasive dental
procedures. This period is approximately 2 months, starting
from the 5th month after the last dose and ending at the begin-
ning of the 7th month [57]. A dental procedure at this time al-
lows the next dose to be administered before the 9th month after
the last injection, even if the next injection of denosumab is de-
layed by 4 to 6 weeks until the mucous membrane has healed.
However, this approach needs validation in future studies.

For patients with cancer receiving high-dose denosumab
monthly, discontinuation of the drug prior to dental procedures
may be considered even though there is insufficient evidence. A
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Table 3. Comparison among Guidelines/Positions on Drug Discontinuation before Invasive Dental Procedure

Recommendation/Suggestion

Organization Year Country

Patients with osteoporosis

Patients with bone metastasis

American Association of Oral and 2014
Maxillofacial Surgeons [7]

International Task Force on 2015

Colombia) and the Asociacion
Colombiana de Osteoporosis y
Metabolismo Mineral
(ACOMM) [60]

Italian Consensus group on ONJ 2020 Italy
(TAC-ONJ) [57]

United States BP patients receiving antiresorptive therapy for
longer than 4 years and who have low fracture
risk but potentially high risk for BRONIJ,
discontinuation of antiresorptive treatment for
approximately 2 months before invasive dental
treatment should be considered, in consultation
with the physician.

There is little clinical evidence that short-term
discontinuation of BPs helps to prevent the
occurrence of BRONIJ resulting from invasive

Osteonecrosis of the Jaw [18] Canada,
Europe,
Japan completely healed.
Korean Society for Bone and 2015 Korea
Mineral Research and the
Korean Association of Oral and
Maxillofacial Surgeons [8]
before dental treatment.
Japanese Allied Committee on 2017  Japan
Osteonecrosis of the Jaw [9]
dental treatments.
Multinational Association of 2019  United States
Supportive Care in Cancer/
International Society of Oral
Oncology (MASCC/ISOO) and
American Society of Clinical
Oncology (ASCO) [33]
Fundacién Santa F¢ (Bogota, 2020 Colombia

It is neither necessary nor prudent to suspend
antiresorptives before dental surgery.

With denosumab, next dose administration may be
postponed in order to do the procedure allowing
adequate healing of soft tissue (15 days).

Data are scant regarding the effect of
discontinuing intravenous
bisphosphonates prior to invasive
dental treatments should these be
necessary.

United States, If the bisphosphonate treatment period is more than Any necessary invasive dental
4 years or if there are concomitant risk factors, a
drug holiday is recommended until the bone is

procedure including dental extractions
or implants should ideally be
completed prior to initiation of BP or
Dmab therapy.

In patients with a duration of oral treatment longer  Although the necessity of a drug
than 4 years regardless of clinical risk factors or
less than 4 years but with clinical risk factors, BP
holiday of at least 2 to 4 months should be taken

holiday is clear in cases of MRONJ,
there is little evidence on whether a
drug holiday is needed in advance for
prevention.

Invasive dental treatments, if inevitable,
can be conducted without a drug
holiday following appropriate
infection control.

There is insufficient evidence to support

or refute the need for discontinuation
of the BMA before dentoalveolar

surgery.

It is not recommended to stop the
treatment with antiresorptives.

Suspension of BP can be considered useful 1 week Suspension of BP can be considered
before surgery.

Suspension of denosumab is not recommended.

An appropriate time for invasive treatment is
ideally starting 5 months after the last dose and
beginning at 7 months.

useful 1 week before surgery.

Last administrations of denosumab
(Xgeva) can be considered three
weeks before surgery.

fying agent.

BP, bisphosphonate; BRONJ, bisphosphonate-related osteonecrosis of the jaw; MRONJ, medication-related osteonecrosis of the jaw; BMA, bone-modi-

recent experimental study reported that there was substantial
healing of the areas of osteonecrosis in animals after the discon-
tinuation of the RANKL inhibitor osteoprotegerin (OPG)-Fc but
not after that of zoledronate. The authors suggest that denosum-
ab discontinuation would provide a faster resolution of ARONJ
than BP discontinuation [63]. In a phase III study comparing
zoledronic acid and denosumab, drug administration was with-
held from 30 days before invasive dental procedures until com-

Copyright © 2021 Korean Endocrine Society

plete mucosal healing occurred [64]. Recent guideline recom-
mend that the last administration of denosumab should be done
at least 3 weeks prior to the invasive dental procedure and that
administration should be resumed after the mucous membrane
has healed [57]. However, there is currently no specific protocol
for the discontinuation of denosumab; further studies are needed
to develop an appropriate strategy.
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CONCLUSIONS

With the aging society, the use of antiresorptives for the treat-
ment of osteoporosis will inevitably increase, and concerns
about rare side effects, such as ARONJ, may increase. Because
definitive treatment strategies for ARONJ have not been devel-
oped, prevention is important. This requires close collaboration
between prescribing physicians and dentists. Before starting an-
tiresorptives, the prescribing physicians should recommend
dental checkups and provide guidance on oral hygiene manage-
ment based on the individual patient’s risk. If an invasive dental
procedure is required while using the drug, it is necessary to
recommend a period when the risk of ARONJ is low. In addi-
tion, it is necessary to provide the dentist with accurate informa-
tion about each patient’s individual risk so that the dental proce-
dure can be performed according to the protocol. However,
there are still many unclear areas, and further studies should be
conducted to establish prevention and treatment protocols for
ARON!U for each situation.
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