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The development, testing, and adoption into clinical practice
of anticancer medications have revolutionized cancer care
over the past decades. A better understanding of the biology
of cancer has translated into development of novel systemic
agents, as well a more eﬀective use of older chemotherapy
agents. As a consequence, cancer mortality continues to
decrease.
However, greater cure and disease control rates come at
a price of an increased risk of adverse eﬀects, which often
aﬀects the mouth and related structures including the oral
mucosa, salivary glands, jawbones, and cranial nerves. Oral
mucositis, hyposalivation, dysgeusia, and osteonecrosis of
the jaw (ONJ) are some examples of the potential adverse
eﬀects of anticancer therapies to the oral cavity, which aﬀect
an increasing number of individuals living with cancer and
cancer survivors and can lead to persistent discomfort, pain,
dysfunction, and a notable reduction in the quality of life.
Management of these oral adverse eﬀects can be challenging,
as it typically requires a multidisciplinary approach and a
close collaboration between the cancer team and oral health
care providers, both in primary care and in the specialist
setting.
This special issue provides a useful update of some of the
most signiﬁcant adverse reactions to anticancer drugs in the
oral cavity, with a view to inform clinical practice and inspire
further research.

Multitargeted tyrosine kinase inhibitors including sunitinib, sorafenib, axitinib, and cabozantinib are increasingly
used in the cancer setting, and C. Arena et al. provide in
this special issue a useful systematic review on oral mucositis
associated with these agents. Similarly, K. Pimolbutr et al.
report on the development of ONJ associated with antiangiogenic agents in the subset of antiresorptive-naı̈ve patients.
Prevention of toxicity is crucial in individuals due to
commence and in those who have been using antiresorptive
medications, and O. Di Fede et al. discuss the main strategies
to reduce the risk ONJ in this patient population.
The surgical treatment of medication-related ONJ is a
relatively new ﬁeld of research, as this condition has been
historically managed conservatively with a focus on pain
management and resolution of infection. In this special issue,
R. Mauceri et al. report on the use of Er,Cr:YSGG laser and
platelet-rich plasma in the surgical treatment of ONJ, whereas
R. Sacco et al. provide a systematic review of the eﬃcacy of
microsurgical reconstruction of the jaws using vascularized
free ﬂap in patients with medication-related ONJ.
We hope that the readers of BioMed Research International will ﬁnd this special issue interesting and informative.
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Medication-related osteonecrosis of the jaw (MRONJ) is a serious adverse reaction of antiresorptive and antiangiogenic agents; it
is a potentially painful and debilitating condition that can considerably affect the quality of life of patients. Furthermore, even if its
epidemiology and pathogenesis have still not been fully clarified, several risk factors related to MRONJ have been recognized
in prevention protocols. Three main risk factors are as follows: (i) the type of ONJ-related medications: antiresorptive (e.g.,
Bisphosphonates, Denosumab) and antiangiogenic drugs (e.g., Bevacizumab, Sunitinib); (ii) the category of patient at MRONJ
risk: cancer versus non-cancer patient; (iii) the typologies and timing of dental treatments (e.g., before, during, or after the drug
administration). The aim of this paper is to describe the new paradigm by the Italian Society of Oral Pathology and Medicine
(SIPMO) on preventive dental management in patients at risk of MRONJ, prior to and during/after the administration of the
aforementioned ONJ-related drugs. In reducing the risk of MRONJ, dentists and oral hygienists are key figures in applying a
correct protocol of primary prevention for pre-treatment and in-treatment patients. However, the necessity of a multidisciplinary
standardized approach, with a sustained dialogue among specialists involved, should be always adopted in order to improve the
efficacy of preventive strategies and to ameliorate the patient’s quality of life.

1. Introduction
Medication-related osteonecrosis of the jaw (MRONJ) is a
relatively rare but potentially serious and debilitating complication. It consists of progressive bone destruction in the maxillofacial area of patients exposed to the treatment with drugs
associated with the risk of ONJ, in the absence of a previous
radiation treatment [1–4]. The diagnosis of MRONJ is based
on the patient's pathological and pharmacological history and
on the clinical and radiological features of progressive bone
destruction (both exposed and not exposed) [1, 5].
MRONJ epidemiology and pathogenesis are still unclear;
however, in recent years, notable progress has been made

regarding the prevention of MRONJ by studying local risk
factors (e.g., presence of infective, dental-periodontal, and/or
peri-implant disease) in patients at risk of MRONJ and by
planning dental procedures [1, 5–9].
Primary prevention, whose main aim is the elimination
of oral and dental risk factors, is targeted at restoring and/
or maintaining good oral health and reducing the risk of an
onset of pathological conditions or any other negative event.
This approach has the greatest impact when aimed at protecting constantly the patient’s oral health, which is at risk of MR
ONJ by virtue of controlling local related risk factors [6, 9].
Subsequent to the initial reporting of MRONJ, fifteen
years ago, attention has been focused on the association
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between dental extraction and adverse event in patients who
were already being treated with ONJ-related drugs [10–12].
More recently, the presence of infection at dental-periodontal
and peri-implant locations has been underlined as being
one of the main local risk factors of developing MRONJ,
often being the main reason of surgical procedures of dental
extraction or implant removal [1, 5, 13]. The link between
periodontal disease and the development of MRONJ has
been widely demonstrated, and the spreading of bacteria via
the periodontal pockets is one of the main mechanisms for
transmitting infection throughout the alveolar bone. Indeed,
it is not only the presence of Porphyromonas gingivalis in the
periodontal pockets but also IgG products which probably
promote the development of MRONJ. The concurrent action
of P. gingivalis and IgG products would appear to increase
bone remodeling and contemporaneously produce proinflammatory effects, thereby reducing the healing process
of periodontal tissue and encouraging the development of
MRONJ. Therefore, a severe periodontitis will be determinant
for a poor prognosis for the teeth, for whom the only resolution is extraction; the latter has already been discussed as a
further trigger for the developing of MRONJ [1, 7, 8, 14–19].
Many studies have demonstrated how, prior to commencing treatment with ONJ-related drugs, dental screening
and treatments of oral diseases can significantly reduce the
occurrence of this adverse event [9, 20–22]. Already in
2009, Dimopoulos et al. underlined the importance of dental
management in patients eligible for treatment with ONJrelated drugs; this primary preventive measure subsequently
produced a reduction by one-third of the incidence of
MRONJ in the enrolled patients [20]. Similar results have also
been obtained from other research groups, which highlighted
the crucial role played by the physician and the dentist in
the primary prevention [9, 21–23]. It is the responsibility of
the physician to provide all relevant information regarding
the risk of developing MRONJ for patients who are about to
commence treatment with antiresorptive (AR) and/or antiangiogenic (AA) drugs. Moreover, it is also the physicians’ duty
to advise the patients about the relevance of an examination
by an oral health specialist with the aim of assessing the
necessity for preventive dental management. This should
be performed prior to commencing, during and also after
the treatment with ONJ-related drugs, in order to eliminate
any infective outbreaks of MRONJ [14, 24, 25]. It is the
responsibility of the dentist to accurately assess risk factors
leading to the development of MRONJ and suggest a strategy
for removing these factors. The dentist must also stress the
importance of maintaining effective dental hygiene, including
regular check-ups, for the patient. Both are necessary for
maintaining oral health, reducing the outbreak of MRONJ,
and/or detecting possible signs of the early symptoms of this
disease.

2. Variables of Patients at Risk of MRONJ
When planning primary prevention measures, every specialist assigned to the care and maintenance of oral health must
bear in mind three variables related to the assessment of the
risk of MRONJ.
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2.1. The Activity of ONJ-Related Drugs: Antiresorptive and
Antiangiogenic Drugs. Drugs involved in the etiopathogenesis of MRONJ belong basically to two main categories:
those with a mainly antiresorptive property and those with
mainly antiangiogenic property. The AR drugs includes the
following:
(a) Bisphosphonates (BPs), synthetic analogues of pyrophosphates, which firmly bind to the hydroxyapatite
and reduce bone metabolism/remodeling. They are
long half-life medications, which constitute a determining variable for their residual power in a “nonactive” form in bone tissue after treatment has been
interrupted. Indeed, the half-life of BPs in circulation
is quite short, ranging from 30 minutes to 2 hours;
however, once they have been incorporated into bone
tissue, they can persist more than 10 years, depending
on the skeletal turnover time [25].
(b) Denosumab, a monoclonal human IgG2 antibody
that highly binds the receptor activator of nuclear
factor-kB ligand (RANK-L), blocks the osteoclast
maturation, function, and survival. It has a half-life
of 25–32 days [26, 27].
Of the drugs related to a risk of MRONJ with a main AA
activity, the most common are Vascular Endothelial Growth
Factor (VEGF) inhibitors (e.g., Bevacizumab), tyrosinekinase inhibitors (TKIs) (e.g., Sunitinib), and the mammalian
target of Rapamycin (mTOR) inhibitors (e.g., Everolimus)
[3]. AA drugs are generally indicated only for the treatment
of oncological pathologies, by inhibiting the various mechanisms involved in tumour neoangiogenesis. Moreover, as
is the case with Denosumab, these drugs do not tend to
accumulate in the bone, and they have a well-known half-life,
which varies on the basis of the molecule (from 30 hours for
Everolimus to 20 days for Bevacizumab) [3].
2.2. The Categories of Patients at Risk: Cancer or Non-cancer.
On the basis of epidemiological data regarding the onset
of MRONJ, the risk is greater for cancer patients, who are
probably contemporaneously exposed to a high number of
MRONJ risk factors [1, 5, 13]. Indeed, there is a frequency
of adverse event between 0.2% and 6.7% in cancer patients
exposed to ONJ-related drugs, while the risk of developing
MRONJ in patients affected by osteometabolic diseases, such
as osteoporosis, is very low, with a prevalence between 0%
and 0.4% [5]. However, due to the huge number of patients
in the world affected by osteometabolic diseases, in terms of
frequency, approximately 40% of patients affected by MRONJ
are non-cancer patients [28].
2.3. Typologies and Timing of Dental Treatments . The primary purpose of preventive dental approach is the detection
and management of local risk factors related to MRONJ
(Table 1). Due to the risk/benefit ratio of dental procedures
and the risk of MRONJ, it is useful to distinguish three
typologies of dental treatments: (i) indicated, which are
necessary to prevent the risk of MRONJ; (ii) possible, which
are considered irrelevant in regard to the risk of MRONJ; (iii)
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contraindicated, which are associated with a recognized risk
of MRONJ.
This distinction will be better detailed in the following
paragraphs also with respect to patients' categories (cancer
versus non-cancer patients) and to ONJ-related drugs exposure time. About the timing of dental procedures, patients can
be divided into two categories:
If the patient has never taken ONJ-related drugs, also
called in the pre-treatment phase, the patient’s oral health
must be precisely assessed by clinical and radiographic
examinations (mandatory for cancer patients), in order to
evaluate the patient’s dental-periodontal status and to plane
the adequate dental therapies compatible with systemic diseases and the oncologist/physician’s opinion.
If the patient has already been exposed to ONJ-related
drugs, hereafter defined as the in-treatment phase, this
patient will be included in an assessment program of oral
health, the aim of which is to obtain and maintain as low as
possible the level of local risk factors for MRONJ.
It will be necessary to continually remind the patient of
the necessity both of maintaining effective oral hygiene at
home, via counselling strategies, and of monitoring early
clinical signs or symptoms of MRONJ. Dental procedures
for the patient (both cancer and non-cancer) in pre-treatment and in-treatment phases will now be discussed in
order to enhance our understanding of this topic. Moreover,
invasive and non-invasive dental procedures will be also
differentiated on the basis of above mentioned distinction
(indicated, possible, contraindicated) (see Tables 2 and 3).
Of great assistance in this regard is the use of leaflets, such
as those which can be downloaded from https://www.unipa
.it/dipartimenti/di.chir.on.s./.content/documenti/ONJ-LeafletSIPMO-by-Di-Fede-Campisi20-02-17.pdf. Additionally, the
app DoctOral provides an open-access consultation of
guided paths and recommendations regarding the dental
management of patients at risk of MRONJ; it is free
available both for android (https://play.google.com/store/
apps/details?id=com.olgadifede.olgapp&hl=it) and iOS system (https://itunes.apple.com/us/app/doctoral/id1071070334
?l=it&ls=1&mt=8) [29].

3. Cancer Patients in the Pre-treatment Phase
In the pre-treatment phase, cancer patients with good oral
health must be informed and made aware of the risks inherent
of MRONJ and the necessity of being enrolled onto a program
with a 4-month follow-up, in order to monitor the status of
the hard and soft tissues. Moreover, the patient should be
encouraged to follow specific measures regarding secondary
prevention (early recognition of the disease) and be informed
about oral hygiene at home via counselling.
In cancer patients with tooth with poor or hopeless
prognosis or other dental-periodontal infection, it would
be desirable to defer the commencing of ONJ-related drugs
after the tissue involved in any invasive dental treatment has
healed. This includes at least the healing period of the soft
tissue, which is usually approximately 45–60 days, prior to
commencing AR/AA cancer treatment. For all other noninvasive dental procedures whose outcome is reliable, it is
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Table 1: Oral risk factors of MRONJ [1].
Oral risk factors
(i) Dental/periodontal infection
(ii) Peri-implantitis
(iii) Unfitting removable denture
Oral surgeries
(i) Dental extraction
(ii) Dental implant surgery
(iii) Endodontic surgery
(iv) Periodontal surgery
(v) Regenerative bone procedures
Anatomical conditions
(i) Torus and exostosis
(ii) Pronounced mylohyoid ridge

not necessary to defer cancer treatment. If cancer treatment
cannot be delayed and invasive dental procedures are needed,
it will be necessary to consider the patient as already being
in treatment phase. Thereafter, the protocols of medical and
surgical prophylaxis must be applied (see Section 5) [14, 25].
In greater detail, dentoalveolar surgeries are considered
to be indicated invasive dental procedures; it would be
convenient to reduce to a minimum any bone manipulation
and encourage primary intention healing.
Other invasive procedures (e.g., implant surgery, preimplant bone surgery, and mucogingival surgery) are contraindicated, since these are not aimed at the elimination of
infection and they have often a rehabilitation/aesthetic aim;
moreover, anyway these procedures will have an undefined
long-term risk of developing MRONJ after the administration
of ONJ-related drugs [14, 25, 26]. Dental treatments in cancer
patients in the pre-treatment phase are described in Table 2.

4. Non-cancer Patients in
the Pre-treatment Phase
Similarly, in this group of patients the primary objective is to
maintain and/or reestablish as soon as possible an acceptable
level of oral health, possibly before the administration of AR
drugs or within its first six months [14]. If the patient presents
with good oral health, it is beneficial to plan a six-month
follow-up examination in order to maintain the primary
prevention program.
In general, in a given non-cancer patient in the pretreatment phase, surgical and non-surgical dental procedures
are classified as indicated if regarding the treatment of
infective conditions (e.g., dental-alveolar surgery, surgical
and non-surgical endodontics, and surgical and non-surgical
periodontics). All elective procedures (e.g., prosthetic rehabilitation with/without dental implant, or orthodontic treatment) are classified as possible with unknown or indefinable
low risk of MRONJ. Dental treatments in non-cancer patients
in the pre-treatment phase are described in Table 2.
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Table 2: Main dental treatments with respect to patients’ categories in the pre-treatment phase with drugs related to ONJ.

Dental procedures on patients in the pre-treatment phase
Non-Surgical Procedures
Restorative dentistry
Endodontic treatment
Orthodontic treatment
Periodontal treatments: oral hygiene and non-surgical
treatments
Prosthesis
Surgical Procedures
Dentoalveolar surgery
Preimplant bone surgery
Dental implant surgery
Periodontal/endodontic surgery

Cancer patients

Non-cancer patients

Indicated
Indicated
Possible

Indicated
Indicated
Possible

Indicated

Indicated

Possible

Possible

Indicated∗
Contraindicated
Contraindicated
Indicated§

Indicated
Possible‰
Possible‰
Indicated§

∗
Advisable to wait for wound healing (4–6 weeks) before initiating antiresorptive or antiangiogenic treatment for cancer therapy. When treatment with ONJrelated drugs cannot be deferred, dentoalveolar surgery is indicated; in this case, the surgical protocol and medical treatment of oncological patients already
in-treatment with MRONJ-related drugs will also be performed. § To Perform only if any infective processes cannot be treated via periodontal/endodontic,
non-invasive treatment. ‰ Advise the patient that the risk of MRONJ is indefinable in the long term.

Table 3: Main dental treatments in patients in-treatment phase with drugs related to ONJ.
Dental procedures on patients in-treatment phase
Non-Surgical Procedures
Restorative dentistry
Endodontic treatment
Orthodontic treatment
Periodontal treatments: oral hygiene and non-surgical
treatments
Prosthesis
Surgical Procedures
Dentoalveolar surgery
Preimplant bone surgery
Dental implant surgery
Periodontal/endodontic surgery

Cancer patients

Indicated
Indicated
Possible
Indicated
(every 4 months)
Possible
Indicated
Contraindicated
Contraindicated
Indicated§

Non-cancer patients
Category A
Category B
Indicated
Indicated
Possible

Indicated
Indicated
Possible

Indicated

Indicated

Possible

Possible

Indicated

Indicated

Possiblef
Possiblef
Indicated

Possible∗f‰
Possible∗f‰
Indicated§

∘

Follow the surgical protocol + adapt the flaps, avoid of tension and suture in order to prioritize healing of the wound. § Perform only if any infective processes
cannot be treated with non-invasive periodontal/endodontic procedures. f Advise the patient of an indefinable risk of MRONJ in the long term. ‰ Advise the
patient of an indefinable risk of MRONJ in the short term.

5. Cancer Patients in Treatment Phase
From the first assumption of ONJ-related drugs for treating
cancer, the patient is considered to be at a high risk of
developing MRONJ [1, 5, 13, 14, 25, 27]. This is due to the
contemporaneous presence of known, multiple risk factors.
Surgical procedures which are necessary for eliminating
infective outbreaks of MRONJ are defined as indicated for
cancer patients in-treatment in presence of dental diseases
which cannot otherwise be resolved [1, 14].
The protocol regarding the dental extractions in cancer
patients at risk of MRONJ promoted by the Italian Society
of Oral and Maxillofacial Surgery (SICMF) and the Italian
Society of Oral Pathology and Medicine (SIPMO) combines

a medical prophylaxis with strictly surgical procedures. An
example of a standardized protocol for dental extractions
expects a medical prophylaxis that includes a 0.12% chlorhexidine (CHX) antiseptic mouthwash to be used at home 3
times a day, starting from 7 days prior to the planned dental
procedure, associated with an antibiotic therapy (e.g., Ampicillin/Sulbactam im and Metronidazole per os) that must be
administered from the day before the intervention and for
at least 6 days following intervention. During the surgical
procedures, it is advisable to use local anesthesia without
adrenaline, to perform a full thickness flap, to gently remove
the tooth, to do the alveoloplasty of the postextraction site
(if necessary), and to apply a tension-free soft tissue closure,
to promote the healing by first intention[26]. Moreover,
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the use of ultrasound surgical equipment is preferable for
bone manipulation, even if, currently, conventional dental
instruments do not seem to increase the risk of MRONJ,
notwithstanding their more invasive nature [14, 30, 31].
The post-operative medical therapy will be accompanied
by a topical one, CHX mouthwash (3 times a day for 15
days), and growth-promoting treatment, as gel containing
hyaluronic acid (three times per day for 15 days) [14, 26].
Sutures can be removed between the seventh and tenth
day after intervention. Thereafter, periodic clinical check-up
should continue with an accurate time schedule (at 3, 6, and
12 months) during the first year of follow-up.
When several dental extractions are necessary, it would
be desirable to proceed one tooth at a time, particularly when
ONJ-related drugs have not been suspended. Recently, surgical proposals have been considered, which also deploy a lowlevel, Nd:YAG laser and/or autologous platelet concentrates
(APCs) [32, 33]. The application of APCs [34] with enhanced
stability (e.g., plasma rich in growth factor (PRGF) and
leucocyte-platelet-rich fibrin (L-PRF)) is yielding promising
results in reducing the incidence of MRONJ following a
dental extraction, thereby reducing the operating time and
the extent of necessary surgery mucocele [34, 35].
When inflammatory-infective processes may be treated
with periodontal and/or endodontic surgical procedures, the
clinician should apply the same recommendations regarding
dental extractions, and this also concerns medical prophylaxis and minimum bone manipulation [14].
The risk of developing MRONJ in in-treatment cancer
patient undergoing dental implants is not only in the long
term but it particularly increases in the short term. Therefore,
dental implants are contraindicated, given the high degree
of bone manipulation which is necessary for positioning the
implant fixtures. Moreover, it can be added that the systemic
health condition of a cancer patient could facilitate the rapid
onset of a peri-implantitis, an additional great risk factor of
MRONJ. Up to date, there are no published studies regarding the execution of pre-implant surgical treatment (e.g.,
guided bone regeneration) on in-treatment cancer patients.
Notwithstanding a note of caution, it is the opinion of the
authors that procedures relating to pre-implant treatment
should be avoided in these patients, as well as the dental
implant placement [1, 5, 14, 36].
All non-invasive dental treatments (e.g., restorative ) are
not only considered as indicated but also of the utmost importance in reducing the spreading of infective processes [14, 37].
Notwithstanding this, some simple precautions prior to and
during the dental examination should be taken: provide an
antiseptic mouthwash to reduce the bacterial load in the
oral cavity; do not use vasoconstricting anaesthetic; always
work in isolation using a rubber dam, paying attention to the
correct position of the clamps of the dam to avoid trauma to
the oral mucosa. Moreover, during endodontic treatments, it
is essential to avoid exceeding the limits of the root canal with
endodontic instruments and root canal filling material [37].
As a non-invasive dental treatment, orthodontics is classified as an elective treatment and it is thus considered a
possible, in absence of MRONJ cases published related to it.
However, it has been suggested that orthodontic movements,
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which cause an increase in alveolar bone remodeling, in the
cancer patients in-treatment may encourage the accumulation of drugs in the jawbone [38–40]. However, it must
be underlined that cancer patient being treated with ONJrelated drugs will rarely request orthodontic treatment [14,
16, 39, 40].
Non-surgical periodontal therapy is strongly indicated
and it should be carefully planned in order to remove
regularly plaque and calculus and also periodically revise the
oral health status of patient in-treatments [14–19, 25–27, 30–
52]. Thus, it is essential to programme a four-month followup period for cancer patients in-treatment, without underestimating the contribution of the patient to the maintaining
of effective oral hygiene at home and the self-screening of
MRONJ[1, 4, 6, 14].
Dental prostheses in cancer patients in-treatment are
possible; notwithstanding that nowadays there are few recommendations relating to this matter. Regarding the removable
dentures, it is fundamental to reduce the pressure of the
prosthesis on the oral mucosa and to maximize the stability,
in order to avoid possible chronical trauma of oral mucosa
[25, 53–56]. A four-month check-up period is desirable in
cancer patients with removable dental prostheses, the aim of
which is to constantly assess the fitting of the dentures and
the absence of any area of compression and/or pressure ulcer,
performing possible relining in soft resin, if needed [53–56].
Moreover, it is advisable that patients should not wear their
dentures for approximately 8–12 hours per day (at least during
the night).
Regarding the fixed prosthesis, it is important to pay
particular attention to the biological width, avoiding the
invasion of the junctional epithelium. Compatibly with the
aesthetic needs of the patient, it would be ideal to provide a
supragingival prosthetic margin, in order to facilitate checkups and oral hygiene at home [57]. Dental treatments in
cancer patients in the treatment phase are described in
Table 3.

6. Non-cancer Patients in Treatment Phase
The dental management of a non-cancer patient already
exposed to ONJ-related drugs is rather complex since it
correlates with assessing risk according to variable gradients.
These range from an undefined risk of MRONJ to a high risk
of developing MRONJ. Indeed, the specific risk of MRONJ
in the non-cancer patient varies according to the risk factors
present; coexistence of more drug-related, systemic, and/or
local risk factors is linked to various risk levels of MRONJ
[14, 58].
Non-cancer patients are supposed to be divided into two
categories regarding their risk to develop MRONJ; thereafter,
from 6 months to within 3 years from the commencing of
treatment, the patient who does not report other risk factors
(systemic and/or local) will be classified in Category A and
considered as a pre-treatment non-cancer patient at low risk
of MRONJ.
Different in nature and variable is the assessment performed if the non-cancer patient has been in treatment for
a period of time greater than 3 years or shorter than 3

6
years and simultaneously affected by systemic or local risk
factors (Category B) (see Table 5); this patient will bear
an incremental and indefinable risk of developing MRONJ,
which is linked to one or more additional, reported systemic
or local risk factors (see Table 6) [14, 17].
Surgical treatments (e.g., dental extractions, periodontal
or endodontic surgery) aimed at removing infective outbreaks and the recovery of good oral health for Categories A
and B are indicated procedures [14]. These procedures can be
performed for non-cancer patients in-treatment in Category
A, without applying specific medical and surgical protocols
[59]. However, it will be necessary to use precautions with
non-cancer patients in-treatment with Category B; these
are similar to those described for the cancer patient intreatment. For this reason, in patients in Category B, it
is desirable to perform invasive treatments in combination
with a prophylactic antibiotic therapy and to proceed tooth
by tooth, particularly when the ONJ-related drug has not
been suspended. Moreover, if available, it seems effective
in applying low-level laser therapy (e.g., laser Nd:YAG) and
APCs at the extraction site [32, 33]. After removing the
sutures, it is of the utmost importance to perform periodic
clinical-radiographic check-up (after 1, 3, 6, and 12 months)
[25].
Elective invasive dental procedures, such as implantology and pre-implant bone surgery, in non-cancer patients
in-treatment are not considered explicitly contraindicated
but possible procedures, both for Categories A and B [60,
61]. Indeed, the risk/benefit ratio must be conscientiously
assessed with the patient, who will be informed of the not
definable risk of MRONJ: in the long term (e.g., risk of periimplantitis) for Category A patients and in the long and short
term (e.g., MRONJ related to the surgical procedures) for
Category B. However, alternative treatment would be advised
for patients included in Category B.
Promising results regarding the use of APCs during a
surgical implant procedure have recently been reported for
preventing MRONJ in non-cancer osteometabolic patients
in-treatment by Mozzati et al., who have reported the absence
of the development of MRONJ in a retrospective study one
year after placing 1,267 implant placements on 235 patients,
combined with the use of APCs [62].
As for cancer patients in-treatment, invasive and noninvasive dental treatments needed for the treatment of the
prevention or the removal of inflammatory or infective
lesions are mandatory in non-cancer patients in-treatments;
in addition, prosthetic rehabilitation should contemplate the
same recommendations [14, 25, 53–57].
Dental treatments of non-cancer patients in the intreatment phase are described in Table 3.

7. Drug Suspension/Holiday
Regarding the latter, there has been much discussion in the
literature about the validity of a temporary suspension of
ONJ-related drugs; the aim of this biological window is to
reduce the risk of an adverse event prior to surgical dental
procedure. The temporary suspension of the ONJ-related
drugs, the so-called drug holiday, must be compatible with
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basic pathologies and authorized by the prescriber. Such a
suspension, when permitted, would be terminated preferably
once the soft tissue had healed. Up to date, there is no
scientific evidence which confirms the validity of the drug
holiday, whether the drug/s are administered intravenously
or orally, prior to the dental-alveolar surgery [1, 2, 5, 6, 14].
Specifically, the effects of BPs on the bone can be much
prolonged over time, even after a single administration. The
half-life of BPs is rather long, and they function by inhibiting
osteoclast function for an unknown period of time. It can be
hypothesized that suspending treatment could be associated
with a reduction in the antiangiogenic effect of BPs on the
periosteum and soft tissue [17, 63, 64]. This could contribute
to vascularization improvement and encourage more rapid
healing after surgery. Moreover, it could be useful in reducing
the concentration of intravenous BPs at the extraction site
in cancer patients, where their accumulation would increase
tropism where there is extensive bone remodeling. Furthermore, about cancer patients in-treatment, any drug holiday
should be considered to be a risky practice due to the possible
progression of the oncological pathology and the absence
of checking for bone-related events. In cancer patients intreatment with different drugs by BP, suspending those is a
desirable event. This will probably start from 7 days prior to
any planned intervention (except for the Bevacizumab that
should be suspended 6-7 weeks before), at least until the
mucosal healing of the post-extraction site (see Table 4).The
differing time periods are due to the fact that the wellknown half-life of various MRONJ-related drugs is different.
It is the experience of the authors that for the non-cancer
patient included in category B, a drug holiday can already
be considered useful one week before invasive dental procedures. However, this suspension is possible in cases where
significant bone disequilibrium has not resulted, as assessed
by the physician. BPs administration can resume 30–45 days
after suspension, when the mucosa at the surgical site has
healed (see Table 6). An interruption in BPs administration
even months prior to surgery is suggested, where the systemic
conditions of the patient permit this, and treatment is to
be resumed after the total closing of any surgical wound.
This approach, however, is based purely on expert opinion
and it has not been yet validated in the literature. Since
the beneficial effects of BPs in controlling basic diseases
and related complications are well-known and while doubt
remains regarding a BPs suspension, the patient must always
be informed about the low predictability of such a suspension
effect and the possible risks connected to the exacerbation
of metabolic bone compensation. No drug suspension is
necessary for the non-cancer osteometabolic patient intreatment with Denosumab, given the latency period between
subsequent Denosumab administrations, namely, every 6
months. It is appropriate to perform invasive procedures after
4 weeks from the last Denosumab administration and no later
than the 6 weeks before the next administration, so as to
ensure an adequate healing period. Should it be necessary
to perform invasive procedures in a different time frame,
it is advisable that these are planned within and not more
than 45 days from subsequent administrations of Denosumab
[6, 14, 52].
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Table 4: Drug suspension for cancer patients; it must be agreed upon with the oncologist and performed according to the table.

Active pharmaceutical ingredient

Drug holiday in cancer patients
Last administration

Resume treatment

At least 1 week before
At least 1 week before
At least 6-7 weeks before
At least 1 week before
At least 1 week before

4–6 weeks after
4–6 weeks after
4–6 weeks after
4–6 weeks after
4–6 weeks after

Bisphosphonate (AR)
Denosumab (AR)
Bevacizumab (AA)
Sunitinib (AA)
Everolimus (AA)

Table 5: A classification of non-cancer patients already in treatment with MRONJ-related drugs.
Risk assessment of MRONJ in non-cancer patients
Category A

Category B

(i) Patients eligible and not yet treated with ONJ-related
medication
(ii) Patients exposed to ONJ-related medication for less
than 3 years, in absence of other systemic risk factors

(i) Patients exposed to ONJ-related medication for
more than 3 years
(ii) Patients exposed to ONJ-related medication for less
than 3 years and in presence of other systemic risk
factors
(iii) Patients assuming BPs by IM∗

∗
To date, there exists no data to distinguish groups of patients in treatment with zoledronate intravenous (annual medication intake) at greater or lesser risk
of developing MRONJ.

Table 6: Drug suspension for non-cancer patients; it must be agreed
upon with the prescriber and performed according to the table.
Drug holiday in non-cancer patients
Active
Last administration Therapy resumption
pharmaceutical
ingredient
Bisphosphonate∗
(AR)
Denosumab (AR)

1 week before

Moreover, it is necessary to intervene in possible early
signs of MRONJ for the secondary prevention. The application of such protocols of primary and secondary prevention,
together with the dentists actions, the clinicians’ sinergy,
and the adequate awareness of the patient, is the key to
implementing policies aimed at a common goal, that is, the
reduction in outbreaks of MRONJ.

4–6 weeks after

No suspension∗∗

∗

Administered by more than three years or for less than three years and
in the presence of other systemic risk factors; ∗∗ suspension is not needed
thanks to the latency between drug administrations. It is useful to perform
invasive procedures between the first and the third month from the last
administration, so as to ensure an adequate period for healing before the next
dose.
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8. Conclusion
MRONJ is a rare but serious and highly debilitating disease
since it can significantly compromise the patient’s quality of
life and reduce the compliance of the patients to AR/AA
treatments. The number of cancer and non-cancer patients
being treated with ONJ-related drugs and, therefore, the
number of potentially adverse events seem constantly on the
increase, also on the light of new drug related to ONJ. A multidisciplinary standardized approach with a sustained dialogue
among clinicians involved in the treatment of patients at risk
of MRONJ should be adopted in order to improve the efficacy
of therapeutic strategies and to increase the patient’s quality
of life. The important role of the dentist in preventing the
MRONJ, checking the local risk factors of MRONJ in pretreatment and in-treatment patients, is evident.
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Introduction. The management of bisphosphonate-related osteonecrosis of the jaw (BRONJ), with no evidence-based guidelines,
remains controversial. We aimed to evaluate the efficiency of a conservative surgical treatment combining Er,Cr:YSGG laser and
platelet-rich plasma (PRP) for the treatment of BRONJ in cancer patients. Methods. We performed a longitudinal cohort study.
Inclusion criteria were (1) age ≥ 18 years; (2) cancer diagnosis; (3) treatment with NBP because of the underlying cancer. Results.
We consecutively recruited ten patients diagnosed with BRONJ in stage I or II. These patients underwent a surgical laser-assisted
therapy together with autologous PRP. At the latest follow-up at 12 months, clinical improvement was observed in eight patients.
Registration Number is IRCT20180329039159N1. Conclusion. We could successfully manage the BRONJ utilizing this combined
protocol to heal the 30% of surgically treated sites and to improve the 50% of patients’ lesions clinically. Our findings suggest that
a surgical approach combined with Er,Cr:YSGG laser and PRP benefit cancer patients with general health issues.

1. Introduction
Bisphosphonate-related osteonecrosis of the jaw (BRONJ) is
a severe adverse reaction of bisphosphonates (BPs) treatment;
it is a relative rare but potentially serious, painful, and
debilitating complication that can significantly affect the
quality of life of cancer patients [1, 2].
The optimal treatment of BRONJ remains controversial;
but the main objectives in the treatment are to control
infection, to slow the disease’s progression, and to promote
tissue healing [1–4].
The BRONJ treatments are classified into surgical and
non-surgical options. The non-surgical treatments include

the use of systemic antibiotic therapy and oral antiseptic
rinses, variably combined with hyperbaric oxygen therapy,
low-level laser therapy, and medical ozone applications [5–
9]. The surgical treatments proposed in the literature are
divided into conservative approaches such as bone debridement, sequestrectomy, or more aggressive therapies such as
resections of affected bone and jawbone reconstruction, if
indicated [4, 10–12].
In the past, the surgical treatments were reserved only for
advanced stages of BRONJ; the Italian Society of Oral and
Maxillofacial Surgery (SICMF) and the Italian Society of Oral
Pathology and Medicine (SIPMO) in 2012 recommended
conservative surgery in lesions belonging to stages I and II,
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as defined by both societies, that can provide resolution of
acute infection and offers long-term of well-being for patients
[10, 11, 13–17].
A few clinical studies utilizing Er,Cr:YSGG laser-assisted
conservative surgery have showed promising results in
BRONJ treatment [6, 10, 15, 18].
Utilizing the Er,Cr:YSGG laser, during the necrotic tissue
removal, eliminates thermal effect in cutting areas and surrounding tissues and provides antibacterial and biostimulative effects to reduce post-operative pain and promotes the
tissue healing. The laser acts through a cutting effect in a “contact free” way and avoids any friction, which normally delays
the healing’s process and causes the thermal and mechanical
trauma. It applies microfractures and microexplosions to
remove the mineralized tissue and vaporize water to allow the
rapid removal of the tissue layers that saves bone surface from
any contaminations. The Er,Cr:YSGG laser, in particular,
owns all these features, allowing a complete healing for both
soft and hard tissues [19–23].
Autologous platelet concentrates, such as platelet-rich
plasma (PRP), are increasingly applied as a new approach to
regenerate tissues in oral surgery as they release high quantities of growth factors, including platelet-derived growth factor (PDGF), vascular endothelial growth factors (VEGF), and
transforming growth factor-b (TGF-b) [24–27]. PDGF plays
a role in healing hard and soft tissues by stimulating mitogenesis, chemotaxis, and producing fibronectin. High VEGF
in wound sockets improves the formation of bone matrix
and stimulates the neoangiogenesis. TGF-b stimulates the
fibroblast chemotaxis and produces fibronectin and collagen
to repair connective tissues and regenerate bones [28–30].
Indeed, PRP accelerates epithelial wound healing, decreases
tissue inflammation, improves the regeneration of bone and
soft tissues, and promotes tissue vascularization. Considering
these benefits, PRP would be effective in BRONJ patients in
the way that releases growth factors and stimulates the bone
healing and neoangiogenesis, which is usually suppressed by
BPs [26, 31–37]. Moreover, PRP as an autologous product
possesses biocompatibility and safety.
This study aimed to evaluate the effect on clinical healing
of a combined treatment consisting of laser-assisted surgery
and PRP in cancer patients affected by BRONJ.

2. Patients and Methods
2.1. Study Design. We performed a prospective cohort study
on consecutive cancer patients followed at the Unit of Oral
Medicine of the University Hospital “P. Giaccone” of Palermo.
The Institutional Local Ethics Committee of the University
Hospital “P. Giaccone” of Palermo approved the study in 2015.
Technical and surgical procedures were done in accordance with the Declaration of Helsinki revised in 2000.
(Table 1). All participants signed the informed consent.
2.2. Entry and Exclusion Criteria. BRONJ was defined as
exposed or non-exposed osteonecrosis of the mandible or
maxilla [2]. Patients were eligible for the study if they had
(1) age ≥ 18 years; (2) cancer; (3) treatment with BPs because
of the underlying cancer. Patients were excluded from the
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Table 1: Technical procedures.
Step

Procedure

1

Clinical Evaluation

2

Computer Tomography (CT) evaluation
Lesions’ classification following SIPMO-SICMF staging
system Scaling (when required) and oral hygiene
instructions
Pre-operatory medical therapy prescription (Table 2)
Platelet rich-plasma (PRP) preparation

3

Surgical procedure (Figure 1)
Er,Cr:YSGG Laser surgery
PRP application
Flap suture

4

Suture removal and clinical control

5

Follow-up visits at 15 days, one month, three, six, twelve
months

study if they had (1): previous history of irradiation to the
maxillofacial area; (2) neoplastic involvement of the jaws;
(3) previous surgical treatment to the jaws; (4) poor general
conditions.
We diagnosed BRONJ in all cases through a clinicalradiological approach combining clinical examination and
Computed Tomography (CT) of the affected jaws. A radiologist with experience and a special interest in head and
neck imaging assessed and reported CT scan, while the local
clinical team was in charge of the final diagnosis.
2.3. Clinical Examination. At first visit, we collected the
clinical, drug, and dental history of patients, which consisted
of the following: (1) age; (2) sex; (3) reason for BPs usage;
(4) BPs type; (5) duration of BPs treatment; (6) cumulative
dose of BPs; (7) concurrent use of steroids; (8) history of
chemotherapy; (9) concurrent use of antiangiogenics; (10)
concomitant diseases; (11) risk factors for BRONJ (e.g. history
of diabetes); (12) clinical features of BRONJ; and (13) patients’
habits (e.g. smoking and oral hygiene). We classified lesions
following SICMF-SIPMO clinical and radiological staging
system of BRONJ [2, 5].
2.4. Surgical Treatment. All patients underwent perioperative pharmacological treatment based on the administration
of ampicillin and sulbactam (pre-operative regimens: 1g
i.m. 2xdaily starting 1 day pre-operatively; post-operative
regimens: 1g i.m. 2xdaily for 7 days) and metronidazole
(pre-operative regimens: 500 mg per os 3xdaily starting 1
day pre-operatively; post-operative regimens: 500 mg per os
3xdaily for 7 days). The use of antiseptic (chlorhexidine
0,2% mouthwashes 30 ml swished up to 60 seconds, 3x daily
7 days pre-operatively and 15 days post-operatively) and
sodium-hyaluronate (local application 3x daily 10 days postoperatively) was also prescribed (Table 2); autologous PRP
(Plateltex ACT System, Biomed, Modena, IT) and surgical
therapy were then prepared. To prepare the PRP and to
induce its gelation, the materials provided by the manufacturer were used and the provided instructions followed [38].
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Table 2: Prescribed medical therapy to enrolled patients.
Operatory medical therapy

Pre-

Ampicillin and sulbactam: 1g i.m. 2xdaily starting 1 day before. Metronidazole: 500 mg per os 3x
daily starting 1 day before.
Chlorexidine 0,2% mouthwashes 30 ml swished up to 60 seconds, 3x daily 7 days before.

Post-

Ampicillin and sulbactam: 1g i.m. 2xdaily for 7 days. Metronidazole: 500 mg per os 3x daily for 7
days.
Chlorhexidine 0,2% mouthwashes 30 ml swished up to 60 seconds, 3x daily 15 days postoperatively.
Local application of Sodium-hyaluronate 3xdaily 10 days post-operatively.

All surgical procedures were performed under local
anesthesia using 3% mepivacaine hydrochloride without
adrenaline.
The surgical protocol consisted of elevation of a fullthickness mucoperiosteal flap to expose the surgical area;
bony curettage (debridement) and sequestrectomy of the
necrotic bone, whether required, using a Er,Cr:YSGG laser
(Waterlase MD, Biolase Technology, San Clemente, CA,
USA); application of autologous PRP; tension-free soft tissue
closure (Figure 1).
The Er,Cr:YSGG laser permits photons with wavelength
of 2.78 𝜇m and a pulsed duration of 140-200 microseconds
with a repetition rate of 20 Hz. The laser device uses a pulsed
energy source; a sapphire MS75 tip (Biolase, Inc.) with a
length of 6 mm and diameter of 750 𝜇m was used with an
80% water and 40% air spray during irradiation. The sapphire
tip was positioned 1 to 2 mm from the target tissue and was
kept perpendicular to the irradiated bone surface. The power
output of the laser can be varied from 0 to 6 W, while the beam
spot size at the tip was 1.26⋅10 3 mm2 .
2.5. Follow-Up. We scheduled follow-up visits to remove the
suture seven days after surgery and visited patients on the
fifteenth day, and the visits were continued on months one,
three, six, and twelve (Figures 2-3).
We performed Computer Tomography (CT) scans for all
patients preoperatively and at the 12-month follow-up (T1 ) to
restage the disease.
2.6. Main Outcome. We defined successful treatment as the
absence of clinical and radiological signs of BRONJ relapse
(healing) or, in turn, the transition from a higher stage to a
lower one (improvement).
2.7. Statistical Analysis. Statistical units are the patients who
satisfy the inclusion criteria of the study. Descriptive statistic
was carried out. We summarized continuous variables with
means and standard deviations and computed categorical
variables frequencies distributions. We analyzed qualitative
variables, staging and bone status, and compared them at
baseline (T0) and after the treatment (T1). We applied the
Wilcoxon signed-rank test with continuity correction for
BRONJ staging. We analyzed all data using R software version
3.3.2. A p-value less than 0.05 was considered statistically
significant.

3. Results
3.1. Patients’ Features. During the study period, ten cancer
patients completed the protocol and were available for the
analysis. They were mostly females (70%), with a mean age
75,2 ± 5,94 years. Multiple myeloma was the most common
diagnosis (40%), followed by breast (30%) and prostate
cancer (30%).
All patients but one had been on monthly infusions
of zoledronic acid (mean duration: 31,8 ± 25,76 months);
this latter was shifted from zoledronic acid to ibandronic
acid during treatment. Two patients (20%) were on systemic corticosteroid therapy and five had been exposed to
chemotherapy; only one patient received both steroids and
chemotherapy (Table 3).
Mandible was the most frequent site of BRONJ (90%).
Eight patients showed frank bone exposure at the first
visit (80%), while 20% did not and were classified as nonexposed BRONJ cases, based on the presence of oral pain and
radiological signs of bone necrosis.
At baseline (T0 ), six patients were classified in stage IB
(60%), two in stage IIA (20%), and the remaining two in stage
IIB (20%) (Table 3), according to the SICMF-SIPMO clinical
and radiological staging system of BRONJ [2].
3.2. Main Outcome. The wound healing was completed at
the time of suture removal in 30% of patients. At the latest
follow-up period (T1 ), we observed a clinical improvement in
80% of patients after surgical therapy that was confirmed by
Wilcoxon test (p-value = 0.01187). In particular, six patients
showed non-exposed bone (60%). Among them, three (30%)
had no clinical and radiological signs of BRONJ (complete
healing). Five patients showed a clinical improvement of
symptoms (50%), while 2 did not show clinical improvement
(20%). These latter had been preoperatively classified in
stage IIA. Overall, at T1 four patients were in stage IA
(40%) and three patients in IIA (30%). Results are shown in
Table 4.

4. Discussion
We succeeded to manage BRONJ patients performing the
conservative surgery treatment through Er,Cr:YSGG laser
combined PRP, both able to enhance the bone and mucosal
healing, with a successful outcome of 80% (30% patients with
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(c)
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Figure 1: (a) Preoperative clinical view; (b) sutures; (c) postoperative view after sequestrectomy procedures; (d) bone fragment.

(a)

(b)

(c)

(d)

Figure 2: (a) Clinical view after 7 days; (b) after 1 month; (c) after 6 months; (d) after 12 months.
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Figure 3: Radiologic outcome at 12 months’ follow-up, CT scan slices.

no clinical and radiological signs of BRONJ relapse and 50%
with clinical improvement).
The use of laser technology for BRONJ treatment and
its beneficial effects on tissue healing has been widely investigated in the last years. Many authors suggested the combination of low-level laser therapy (LLLT) with traditional
surgical approach, to biostimulate the tissues healing [6, 39–
41].
The use of Er,Cr:YSGG laser has a great potential in
the hard tissues surgery; indeed Er,Cr:YSGG laser enables
efficient resection of the maxilla without using conventional
rotary instruments, as the laser produces a clear and precise
cut with minimal injury to contiguous hard and soft tissues
[6, 20, 23, 42, 43].
This device showed good results in conservative surgery
approach of BRONJ treatment in different stages. Vescovi
et al. reported several studies regarding the use of Er:YAG
laser to treat BRONJ lesions, showing that Er:YAG seems to
represent a high percentage of success, with significantly better results compared with the traditional surgical approaches
[15, 39, 44, 45].
Many authors suggested the application of PRP to
improve postsurgical wound healing. PRP gel stimulates the
release of growth factors and promotes angiogenesis and
bone and mucosal healing. In addition, PRP is autologous,
biocompatible, and safe product [24–27, 29].
The properties of autologous platelet concentrates appear
particularly useful in BRONJ surgical therapy, as the lack

of vascularization represents one of the major factors on
pathogenesis of BRONJ.
Coviello et al. reported a case series with seven patients
taking BPs and affected by BRONJ referable to tooth extraction. They treated four of BRONJ patients by standard
surgical debridement and sequestrectomy, while applying
supplementary autologous PRP in the three. The authors
observed wound healing’s improvement and bone exposure
reduction in the PRP group [46].
Martins et al. also studied the association of laser phototherapy (LPT) and PRP on healing outcome of BRONJ
in cancer patients. These authors retrospectively compared
the effects on wound healing of this protocol with a nonsurgical (pharmacological therapy) and a surgical (pharmacological plus surgical therapy) one. They obtained higher
rates of success, in terms of mucosal wound healing, in
patients surgically treated with the LPT plus PRP protocol
[47].
Longo et al. also achieved good results by studying
the therapeutic effects in surgery therapy associated with
PRP to promote BRONJ wounds healing [48]; performing
a comparison with a surgical approach without PRP. They
present higher success rate among patients treated with PRP
(PRP group 93% of complete response versus control group
53% of complete response).
Lately, Kim et al. reported the application of leucocyterich and platelet-rich fibrin (L-PRF) in the treatment of
BRONJ, with a complete resolution in 77% of cases treated

6

BioMed Research International
Table 3: Descriptive statistics of the 10 enrolled patients.

Age (years)
Sex
Male
Female
Smokers
Cancer
Multiple Myeloma
Breast cancer
Prostate cancer
Comorbidities
Diabetes
Hypertensions
Corticosteroids
Osteoporosis
Chemotherapy
Rheumatoid arthritis
Involved bone
Maxilla
Mandible
BRONJ stage∗
IA
IB
II A
II B
Bone exposure
Yes
No
Intravenous Bisphosphonates treatment time (mo)

75,2±5,94
3 (30%)
7 (70%)
2 (20%)
4 (40%)
3 (30%)
3 (30%)
2 (20%)
6 (60%)
2 (20%)
5 (50%)
5 (50%)
1 (10%)
1 (10%)
9 (90%)
0
6 (60%)
2 (20%)
2 (20%)
8 (80%)
2 (20%)
31,8±25,76

∗ BRONJ stage according to SICMF-SIPMO clinical and radiological staging system.

and a delayed resolution in 18% of cases [49]. Comparing
these results with ours, the success percentages are almost
similar.
Notably, Mozzati et al. described the treatment of 32
BRONJ cases all belonging to stage IIB with the application
of plasma rich in growth factors (PRGF) and reported a
success rate of 100% with only temporary postoperative
complications[24]. In 2017, also Maluf et al. reported two
cases of medication related ONJ (classifiable as stage II)
completely healed after a surgical treatment combined with
the application of L-PRF[50].
Del Fabbro et al., in their systematic review, illustrated the
data about fourteen studies published between 2007 and 2014;
the BRONJ surgical treatment with an adjunct autologous
platelet concentrates showed a satisfactory healing in 91,6% of
the cases [36]. All these data are in agreement with our results
in the treatment of BRONJ stage IIB.
Our study’s limitations include the limited sample
size and the presence of confounding factors, such as
applied comedications (e.g. corticosteroids and/or different
chemotherapy) in some patients. Indeed, these drugs could

inhibit cell proliferation and with an antiangiogenic action
could suppress vascular endothelial growth factor (VEGF)
and fibroblast growth factor (FGF) [51–53].

5. Conclusion
Despite progress in the prevention of BRONJ, a specific
treatment protocol to manage BRONJ is still missing.
Surgical removal of the necrotic bone should be performed with the Er,Cr:YSGG laser, that possesses remarkable properties with antibacterial and biostimulative effects,
reduce postoperative pain and promote the tissue healing.
Additionaly, PRP is an autologous product, biocompatible,
easy to handle, and rich in growth factors and ameliorates the
tissues healing in residual postsurgical wounds.
More prospective studies are needed to confirm this
statement with a larger patients’ sample. Considering the
limitation of the present study, we could show that conservative surgical approach with Er,Cr:YSGG laser combined PRP
benefits the management of early stages’ BRONJ in cancer
patients.

Pt
1
2
3
4
5
6
7
8
9
10

Sex
M
F
F
F
F
F
F
M
F
M

Age
72
72
89
69
80
74
77
77
70
72

Cancer
Prostate
MM
MM
Breast
MM
Breast
Breast
Prostate
MM
Prostate

Bps
Zoledronate
Zoledronate
Zoledronate
Zoledronate
Zoledronate
Zoledronate
Zometa + Ibandronate
Zoledronate
Zoledronate
Zoledronate

Bps duration (mo)
24
12
18
36
60
24
96
26
18
4

CT
No
Yes
Yes
Yes
Yes
No
No
Yes
No
No

CST
No
No
Yes
No
No
No
No
No
No
Yes

Affected Jaw
Upper
Lower
Lower
Lower
Lower
Lower
Lower
Lower
Lower
Lower

Stage T0
IB
IB
II B
IB
IB
II B
IB
II A
IB
II A

Stage T1
IA
IA
H
H
IA
II A
H
II A
IA
II A

Bone Status T0
E
E
E
E
NE
NE
E
E
E
E

Bone Status T1
E
E
NE
NE
NE
NE
NE
E
NE
E

Output
R
R
H
H
R
R
H
NR
R
NR

Table 4: Data of patients (Pt) at baseline (T0 ) and after the treatment (T1 ): multiple myeloma (MM); chemotherapy (CT), corticosteroids use (CST), and BRONJ stage according to SICMFSIPMO staging system and presence of bone status (H= healed; R= reduction; NR= no reduction; E= exposed bone; NE= nonexposed bone).
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Background. Osteonecrosis of the jaw (ONJ) has been reported to be associated with patients receiving primarily bisphosphonate
(BP) therapies. However, lately it has been documented that other medications, such as RANK ligand inhibitor (denosumab) and
antiangiogenic drug, can cause ONJ. Micro-osseous-vascular reconstruction of the jaws in patients affected by medication-related
osteonecrosis of the jaw represents a viable option of treatment for patients affected by stage III of the disease. However, there
are still considerable doubts about the success of this procedure in the short, medium, and long term. Material and Methods. A
multidatabase (PubMed/MEDLINE, EMBASE, and CENTRAL) systematic search was performed. Any type of studies considering
human patients treated with antiresorptive and antiangiogenic drugs was considered. The aim of the research is to primarily
understand the success rate of micro-osseous-vascular reconstruction in the short, medium, and long period of time. This review has
also the goal of better understanding any perioperative and postoperative complications resulting from the use of the reconstruction
techniques. Results. Eighteen studies resulted eligible for the study. Fibula free flap is the most commonly utilised vascularised free
flap reconstruction technique (80.76%). Ten out of eighteen studies reported no complications. Recurrence of osteonecrosis was
registered in five cases (6.41%) after free flap reconstruction. The overall free flap success rate was 96.16%. Conclusions. Based on the
limited data available in literature (Level 4 of the Oxford Evidence-based medicine scale), micro-osseous-vascular reconstruction
of the jaws represents a valid treatment in patients with bisphosphonate-related osteonecrosis at stage III of the disease. However,
additional data based on a larger cohort of patients are necessary to justify this type of intervention in patient affected by MRONJ.

1. Introduction
Bisphosphonates (BP) are antiresorptive drugs used in the
management of conditions as diverse as osteoporosis and
metastatic bone diseases. These drugs are widely administered and generally well tolerated by patients. In 2003, Marx et
al. [1] first reported a nonhealing necrosis of the maxillofacial
region in some patients taking BPs.
In the last decade researchers have discovered that
BPs not exclusively cause osteonecrosis of jaws, as other

drugs, such as antiresorptive (bone-targeted) agents like
denosumab, but also were found to cause it. In addition, monoclonal antibodies able to bind and selectively
inhibit VEGF-A, specifically mTOR inhibitors, can also cause
osteonecrosis of the jaw [2–6].
For this reason, in 2014 the bisphosphonate-related
osteonecrosis of the jaw (BRONJ) nomenclature was changed
by the position paper of the American Association of Oral
and Maxillofacial Surgeons (AAOMS) special committee on
Medication-Related Osteonecrosis of the Jaws (MRONJ) [7].
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The term “medication-related osteonecrosis of the jaws”
(MRONJ) refers to a complication associated with groups
of medications, such as antiangiogenic or antiresorptive
drugs [8]. These medications can have different indications
depending on their mode of administration (Tables 1 and 2)
[9, 10].
According to AAOMS, MRONJ is defined as an exposition of necrotic bone in the oral cavity lasting more than 8
weeks, in patients who took antiresorptive or antiangiogenic
drugs; these patients have not been exposed to head and
neck radiotherapy, nor show signs of bone metastases in the
maxillofacial region [7].
A number of systemic risk factors have been associated
with increased likelihood of MRONJ; they are summarised
in Table 3 [11, 12].
Dental extraction or other surgical procedures such as
apicectomies or cystectomies have been found in between
52% and 80% of MRONJ patients’ medical history [13–15].
During the last decade AAOMS has revised and proposed
a clinical staging classification system of the disease in an
attempt to guide clinicians and surgeons to an appropriate
therapeutic approach (Table 4).
The management of MRONJ is reported to be very
challenging and with no current “gold standard”. Published
studies have reported a number of approaches to treatment,
with widely varying success rates, ranging from no or limited
to radical surgery. The ideal outcome is total eradication of
MRONJ along with an improvement of patients' quality of life
through pain release and infection management [16].
Conservative treatment was considered to be partially
successful, with resolution reported in only 50% of cases;
particular concerns have been reported on MRONJ at clinical
stages II and III [17–19]. In case conservative treatments fail,
surgical approaches like local debridement, osteoplasty, and
segmental osteotomy are normally performed [20, 21].
However, patients that show evidence of MRONJ stage
III with severe pain, infection, pathologic fracture, extra-oral
fistula, or osteolysis extending to the inferior border of the
mandible require an invasive type of surgery which might
result in a disabling outcome [7, 16, 22].
The absence of a well-established surgical treatment
protocol in scientific literature makes it difficult to conduct
therapy in advanced cases of the disease.
Up to date, there is no standard treatment for MRONJ
associated with antiresorptive and antiangiogenic therapies.
Several treatment options have been described since MRONJ
was first reported. Although the initial stages of MRONJ
seem to respond quite well to conservative treatments or
limited bone debridement if conservative treatment fails, the
treatment for stage III lesions remains still controversial [23,
24].
The objective of this review is to evaluate the outcome
of free vascularised osseous tissue transfer and/or osteofasciocutaneous free flap as treatment for patients affected
by MRONJ stage III. Systematic reviews have been already
published. However, these reviews were not performed in a
standardised manner or did not follow strict criteria. Moreover the previous reviews did not consider antiangiogenic
drugs in the search criteria. This has resulted in lack of quality
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assurance, summarised in Table 5 [25–27]. This review aims
to improve the quality of previous research and expand on the
current data available.

2. Materials and Methods
This systematic review was performed according to PRISMA
guidelines [44].
The following the databases were used for the review:
PubMed/MEDLINE, EMBASE, and Cochrane Central Register of Controlled Trials (CENTRAL). A three-stage screening
approach was used to ensure precision and the quality of
the search. The screening of titles and abstracts was carried
out independently by three authors (AH, UH, and RS)
to eliminate any irrelevant materials (i.e., reviews, animal
studies, nonclinical studies, and studies that did not report on
patients undergoing to free tissue graft). Disagreements were
resolved by discussion.
A data screening and abstraction form was used to
(1) verify the study eligibility derived from the above
inclusion/exclusion criteria,
(2) carry out the methodological quality assessment,
(3) extract data on study characteristics and outcomes for
the included studies.
The authors of any studies eligible for inclusion in the
review, yet without sufficient information, were contacted
directly (Figure 1).
2.1. Criteria for Inclusion in This Review
2.1.1. Types of Studies. The types of studies included in the
research strategy were published or unpublished randomised
control trials, case-controlled trials, case series, retrospective
studies, and case reports. Papers were obtained from January
2003 to June 2017. Animal studies and those including
patients with previous history of radiation therapy to the head
and neck regions were excluded. No language restrictions
were imposed to the search.
2.1.2. Types of Participants. The review considered studies
involving patients who developed MRONJ and subsequently
underwent free vascularised osseous tissue transfer and/or
osteofasciocutaneous free flap reconstruction. No restriction
of age, gender, or ethnic origin was applied. There was no
restriction on the minimum number of patients included in
the studies.
2.1.3. Types of Interventions. Only free vascularised osseous
tissue transfer and/or osteofasciocutaneous free flap reconstruction were considered.
2.1.4. Types of Outcome Measures
Primary Outcomes. Primary outcome measures of the review
included the success rate of free flap without any restrictions in follow-up. The other considered measures were the
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Table 1: Antiresorptive drugs used in oncologic and nononcologic patients. Btl: bottle; IM: intramuscular; IV: intravenous; MM: multiple
myeloma; PO: orally; SC: subcutaneous; SRE: skeletal-related event; Tab: tablet.
Pharmacologic
active ingredient
Alendronic acid
(sodium salt)

Formulation

Route of
administration

Tab 70 mg
Tab 10 mg

PO

Alendronic acid +
cholecalciferol

Tab 70 mg/5600 UI

PO

Ibandronic acid
(monosodium salt
monohydrate)

Tab 50 mg
Btl 6 mg/6 ml
Tab 150 mg
Btl 3 mg/3 ml

PO
IV
PO
IV

Btl 25 mg/2 ml
Btl 100 mg/8 ml
Btl 15 mg/5 ml
Btl 30 mg/10 ml
Btl 60 mg/10 ml
Btl 90 mg/10 ml

IV/IM.
IV

Btl 4 mg/5 ml
Btl 5 mg/100 ml

IV
IV

Btl 120 mg
Btl 60 mg

SC
SC

Neridronate acid
(sodium salt)
Pamidronic acid
(disodium salt)

Zoledronic acid
(monohydrate)

Denosumab

IV

Indication and frequency
Treatment of postmenopausal osteoporosis (70
mg/week)
Treatment of osteoporosis in men (70 mg/week)
Treatment and prevention of osteoporosis induced by
glucocorticoids (70 mg/week)
Treatment of postmenopausal osteoporosis in patients
with unsupplemented vitamin D deficit (70 mg/week)
Prevention of SREs in breast cancer patients with bone
metastases (50 mg/day p.o. or 6 mg every 3–4 weeks iv.)
Treatment of hypercalcemia of malignancy
Treatment of postmenopausal osteoporosis in patients
at high risk of fracture (150 mg/4 weeks p.o. or 3 mg
every 3 months iv.)
Osteogenesis imperfecta (2 mg/kg/3 months)
Paget’s bone disease (different schedules)
Prevention of SREs in breast cancer patients with bone
metastases or MM with bone lesions (60–90 mg every
3–4 weeks)
Treatment of hypercalcemia of malignancy
Prevention of SREs in cancer patients with bone
metastases or MM (4 mg every 3–4 weeks).
Treatment of hypercalcemia of malignancy
Treatment of osteoporosis in postmenopausal women,
in men at increased risk of fracture, including those
with a recent hip fracture from minor trauma (5 mg
once per year)
Treatment of bone Paget’s disease
Prevention of SREs in cancer patients with bone
metastases (120 mg every 4 weeks)
Treatment of hypercalcemia of malignancy.
Osteoporosis (60 mg sc. every 6 months)

Table 2: Main antiangiogenic drugs used (IV: intravenous; MM: multiple myeloma; PO: orally; SC: subcutaneous; Btl: bottle; Tab: tablet).
Pharmacologic
active ingredient

Formulation

Route of
administration

Indication and frequency
Metastatic breast cancer (10 mg/kg every 2 weeks or 15
mg/kg every 3 weeks); colorectal cancer (5 mg/kg or 10
mg/kg every 2 weeks); lung/ovarian cancer (7.5 mg/kg
or 15 mg/kg every 3 weeks); renal cell cancer (10 mg/kg
every 2 weeks); glioblastoma (10 mg/kg every 2 weeks)
Renal cell cancer, GISTs and neuroendocrine tumors
(50 mg/day for 4 weeks)

Bevacizumab

Btl 400 mg
Btl 100 mg

IV

Sunitinib

Tab 12.5 mg

PO

Sorafenib

Tab 200 mg
Tab 200 mg
Tab 400 mg

PO

Renal cell cancer (800 mg/day)

PO

Renal cell cancer (200–800 mg/day)

Pazopanib
Thalidomide

Tab 50 mg

PO

Myeloma (400 mg/day for 6 weeks)

Lenalidomide

Tab 5, 10, 15 and 25 mg

PO

Myeloma (tailored doses)

Tab 5 and 10 mg

PO

Renal cell cancer, breast cancer (10 mg every day)

Btl 30 mg

IV

Renal cell cancer (25 mg every week)

Everolimus
Temsirolimus
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Figure 1: Review process for the titles, abstracts, and full-text reading of the selected references.

Table 3: Drug-related risk factor of osteonecrosis of the jaw in the
cancer population according to Campisi et al. 2011 [11].
Risk Factor
Zoledronate vs Other Bisphosphonate
Intravenouse vs Oral Bisphosponate
Bisphosphonate cumulative dose
Bisphosphonate duration of treatment
Anti-angiogenic drugs
Denosumab
Chemotherapy
Thalilomide

Strenght
+++
++
+++
+++
++
++
-/+
+/-

frequency of MRONJ recurrence in the free flap or in the
surgical residual jaw bone.
Secondary Outcomes. The secondary measures of the review
entailed perioperative complications and those at followup, including the most common cause of the MRONJ and
the time during which the patient was treated with the
antiresorptive or antiangiogenic drugs prior ONJ.
2.2. Data Extracted. Data extracted from the eighteen studies included number of patients, patient sex, and age,

predisposing factors for, and localisation of, MRONJ, type of
antiangiogenic or antiresorptive drugs and their cumulative
dose, clinical indications for the drug or combined therapy,
extent of the surgical excision, type of free vascularised tissue
reconstruction, free flap failure, immediate complications,
follow-up time, and MRONJ recurrence.
All selected papers were carefully read to identify
author(s), year of publication, study design, population and
treatment characteristics, and number of patients with recurrent MRONJ.
In case of missing information, we contacted the authors
and gave them 6 weeks to reply. If the information was still
missing we then indicated the missing data as “Not Reported
(NR)” in the text and in the tables.

3. Results
Results were expressed in descriptive statistics. No randomised controlled clinical trials or case-controlled studies
comparing free flap reconstruction after resection in MRONJ
patients were found. A total number of 18 articles we included
in the study. All the published dates were described in case
report (no. 6) and case series (no. 12) from 2008 to 2017
(Table 6). A total of 83 patients, 47 females (56.62%), 19 males
(22.89%), and missing information for 20.49% (NR) of the
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Table 4: MRONJ staging according the AAOMS [7].

Stage

MRONJ clinical findings

At risk category

No apparent necrotic bone in patients who have been treated with either oral or IV bisphosphonates

Stage 0

No clinical evidence of necrotic bone, but non-specific clinical findings, radiographic changes and symptoms
Exposed and necrotic bone, or fistulae that probes to bone, in patients who are asymptomatic and have no
evidence of infection
Exposed and necrotic bone, or fistulae 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
Exposed and necrotic bone or a fistula that probes to bone in patients with pain, infection, and one or more of
the following: exposed and necrotic bone extending beyond the region of alveolar bone, (i.e., inferior border
and ramus in the mandible, maxillary sinus and zygoma in the maxilla) resulting in pathologic fracture,
extra-oral fistula, oral antral/oral nasal communication, or osteolysis extending to the inferior border of the
mandible of sinus floor

Stage I
Stage II

Stage III

Table 5: Systematic review currently published and their limitations.
Systematic Review

Limitation

Sacco et al. (2011) [27]

English literature limited search; Single Electronic database search.
Search Limited to BRONJ and or bisphosphonate related necrosis; No mentioning to language limitation;
Review based on a single reviewer selection of articles
Single Electronic database search; Search Limited to BRONJ and or bisphosphonate related necrosis; No
mentioning to language limitation; No mentioning reviewer involved in the search strategy.

Vercruysse et al. (2014) [25]
Neto et al. (2016) [26]

Table 6: Study selected with total number of patient treated.
Study
Engroff and Kim (2007)
[28]

Type of study

Patients number

Case series

2

Ferrari et al. (2008) [29]

Case Report

1

Mücke et al. (2009) [30]

Case series

2

Nocini et al. (2009) [31]

Case series

7

Seth et al. (2010) [32]

Case series

11

Bedogni et al. (2011) [33]

Case series

3

Pautke et al. (2011) [34]

Case report

1

Bittner et al. (2012) [35]

Case report

1

Ghazali et al. (2013) [36]

Case report

1

Hanasono et al. (2013) [37]

Case series

11

Horta et al. (2014) [38]

Case series

1

Spinelli et al. (2014) [39]

Case series

8

Vercruysse et al. (2014) [25]

Case series

3

Kim et al. (2015) [40]

Case series

4

Mücke et al. (2016) [41]

Case series

14

Neto et al. (2016) [26]

Case report

1

Sotsuka et al. (2016) [42]

Case report

1

Caldroney et al. (2017) [43]

Case Series

11

cases, were treated using vascularised osseous tissue transfer
and/or osteofasciocutaneous free flap reconstruction.
The most common indications for antiresorptive or
antiangiogenic treatment were breast cancer (28.91%), multiple myeloma (22.89%), osteoporosis (14.45%), prostate cancer (9.63%), lung cancer (2.40%), myeloid-leukemia and

osteoporosis (1.20%), pain syndrome (1.20%), and NR in the
19.32% of the cases (Table 7). The most common site for
MRONJ was the mandible 97.59% and 2.41% in the maxilla
(Table 8).
Zoledronate was responsible for the majority of the
MRONJ with 42.16 %, then pamidronate 7.22%, alendronate
8.43%, ibandronate 2.40%, and etidronate 1.20%. A combination of the following drugs and the relative incidence
percentage were also found responsible:
zoledronate and pamidronate (13.25%);
zoledronate and clodronate (1.20%);
zoledronate and denosumab (1.20%);
pamidronate and denosumab (1.20%);
alendronate, risedronate, and pamidronate (1.20%).
A total of 20.54% patients presented missing information
with regard to the type of drug used.
69.90% of the cases missed information on the causes of
the MRONJ.
The most commonly utilised vascularised free flap reconstruction was fibula free flap (81.92%), followed by iliac crest
(12.04%) and scapula (6.02%).
The most frequent type of resection was subtotal
(32.53%), followed by segmental (26.50%) and partial
(2.40%). However a large percentage of missing data was
found regarding the type of resection (NR 38.57%) (Table 9).
The patients were followed for a period of time ranging
from 2 weeks up to 99 months.
Radiographic imaging with CT, cone-beam, and/or
orthopantomogram was obtained during follow-up in 95% of
the cases.
At follow-up and after free flap reconstruction, recurrence of MRONJ (6.02%) was observed in 5 patients: two
of the patients (2.40%) on the contralateral unresected part
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Table 7: Preoperative pharmacological analysis: type of drugs, indication for drug therapy, and time of drug exposure. ZOL: zoledronate;
ALD: alendronate; PMT: pamidronate; COL: clodronate; DZM: denosumab; IBA: ibandronate; ETI: etidronate; mth: months; RSD:
risedronate; NR: not reported.
Study
Engroff and Kim (2007)
[28]

Type of drug
PMT (x 1 case)
ZOL (x 1 case)

Indication for drug therapy

time of drug exposure

Brest Cancer (x 2 cases)

NR

Ferrari et al. (2008) [29]

PMT + ZOL

Multiple Myeloma

Mücke et al. (2009) [30]

ZOL (x 2 cases)

Nocini et al. (2009) [31]

PMT and ZOL (x 5 cases)
ZOL (x 2 cases)

Seth et al. (2010) [32]

ZOL (x 6 cases)
ALD (x 2 cases)
IBA (x 2 cases)
ETI (x 1 case)

Brest cancer (x 1 case);
Multiple Myeloma (x 1 case)
Brest Cancer (x 5 cases);
Prostate Cancer (x 1 case);
Myeloid leukaemia and
Osteoporosis (x 1 case)
Brest Cancer (x 5 cases);
Prostate Cancer (x 2 cases);
Multiple Myeloma (x 2 cases);
Osteoporosis (x 2 cases)

21 mth (PMT)
3 mth (ZOL) discontinue therapy
50mth (ZOL)
36 mth (ZOL)
NR

NR

Bedogni et al. (2011) [33]

NR

NR

NR

Pautke et al. (2011) [34]

ZOL

Prostate Cancer

Bittner et al. (2012) [35]

ZOL and PMT

Pain syndrome

40 mth
12 mth (ZOL)
3 mth (PMT)

Ghazali et al. (2013) [36]

ALD

Osteoporosis
Multiple Myeloma (x 5 cases);
Breast Cancer (x 2 cases);
Prostate Cancer (x 2 cases);
Osteoporosis (x 2 cases)

84 mth (ALD)

ZOL

Lung Cancer

ZOL (x 3 cases)
PMT (x 3 cases)
ZOL and PMT (x 2 cases)

Multiple Myeloma (x 4 cases);
Brest Cancer (x 3 cases);
Prostate Cancer (x 1 case)

1 x ZOL
1 x ZOL + PMT
1 x ZOL + CLO

Multiple Myeloma (x 2 case);
Brest Cancer (x 1 case)

ALD (x 2)
ALD + RSD + PMT (x 1)
ZOL + PMT (x 1)

Osteoporosis (x 3)
Multiple Myeloma (x 1)

36 mth (ZOL)
1 x 27 mth (ZOL)
1 x 21 mth (ZOL)
1 x 35 mth (ZOL
1 x 22 mth (PMT)
1 x 30 mth (PMT)
1 x 19 mth (PMT
1 x 25 mth (ZOL and PMT)
1 x 17 mth (ZOL and PMT)
1 x 22mth (ZOL)
1x 12 mth (PMT) + 26 mth (ZOL)
1x 96 mth (CLO) + 29mth (ZOL)
1 x 48 mth (ALD)
1 x 120 mth (ALD
1 x 24 mth (ALD + RSD +PMT)
1 x 30mth (ZOL +PMT)

Mücke et al. (2016) [41]

NR

NR

NR

Neto et al. (2016) [26]

ZOL

Lung Cancer

36 mth (ZOL)

ZOL
7 x ZOL
2 x ALD
1 x ZOL + DZM
1 x PMT + DZM

Brest Cancer
Brest Cancer (x 4 cases)
Osteoporosi (x 3 cases)
Multiple Myeloma (x 3 cases)
Prostate Cancer (x 1 case)

59 mth (ZOL)

Hanasono et al. (2013) [37]
Horta et al. (2014) [38]

Spinelli et al. (2014) [39]

Vercruysse et al. (2014) [25]

Kim et al. (2015) [40]

Sotsuka et al (2016) [42]
Caldroney et al. (2017) [43]

ZOL (x 9 cases)
PMT (x 2 cases)

of the jaw, other two patients (2.40%) on the margin of the
resection, and one patient (1.20%) on the grafted flap. The
overall free flap failure rate registered was 3.61% (Table 10).
3.1. Review Quality Assessment Data. All the studies and data
extraction included in the systematic review were qualitative

NR

NR

and the risk of bias assessed independently by the authors.
The authors used the CARE Checklist for case report and the
Modified Delphi Checklist for the case series studies.
In the six case report studies, we identified lack of clarity
in many of the thirteen domains, with missing information.
We found that the lack of clarity was predominantly on
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Table 8: Preoperative epidemiologic analysis (age, sex, predisposing factors, and site of the necrosis involved). M: male; F: female; NR: not
reported.
Study

Site of the necrosis
involved
Mandible (x 2
cases)

Type of study

Patients number

Age/Sex

Trigging cause

Engroff and Kim (2007)
[28]

Case series

2

64 (F); 49 (F)

Dental extraction
(x 2 cases)

Ferrari et al. (2008) [29]

Case report

1

66 (M)

Mücke et al. (2009) [30]

Case series

2

48 (F); 60 (F)

Nocini et al. (2009) [31]

Case series

7

NR (six F); (one M)

Seth et al. (2010) [32]

Case series

11

68 (M); 56 (F); 50 (F); 72
(F); 48 (F); 71 (F); 67 (F); 60
(F); 51 (F); 72 (M); 60 (F)

NR

Mandible (x 11
cases)

Bedogni et al. (2011) [33]

Case series

3

NR

NR

Mandible (x 2
cases); Maxilla (x 1
case)

Pautke et al. (2011) [34]

Case report

1

76 (M)

Dental extraction

Mandible

NR
Dental Extraction
(x 1 case);
Spontaneous (x 1
case)
Oral surgery (x 5
cases);
Infection (x 2
cases)

Mandible
Mandible (x 2
cases)

Mandible (x 7
cases)

Bittner et al. (2012) [35]

Case report

1

41 (F)

Dental extraction

Mandible

Ghazali et al. (2013) [36]

Case report

1

Dental extraction

Mandible

Hanasono et al. (2013) [37]

Case series

11

82 (F)
63 (F); 57 (M); 65 (M); 75
(F); 72 (M); 68 (M); 60 (F);
64 (F); 70 (F); 75 (F); 67 (F)

NR

Mandible (x 11
cases)

Horta et al. (2014) [38]

Case series

1

Spinelli et al. (2014) [39]

Case series

8

54 M
73 (M); 77 (F); 64 (F); 53
(F); 62 (M); 68 (F); 57 (M);
64 (F)

Vercruysse et al. (2014) [25]

Case series

3

54 (F); 70 (F); 64 (F)

Spontaneous
Dental extraction
(x 3 cases);
Spontaneous x 5
Dental extraction
(x 1 case);
Spontaneous (x 2
cases)

Kim et al. (2015) [40]

Case series

4

69 (F), 68 (F), 62 (F), 70
(M)

NR

Mandible (x 4)

Mücke et al. (2016) [41]

Case series

14

NR

NR

Mandible (x 14
cases)

Neto et al. (2016) [26]

Case report

1

58 (M)

Spontaneous

Mandible

Sotsuka et al. (2016) [42]

Case report

1

NR

Maxilla

Caldroney et al. (2017) [43]

Case series

11

50 (F)
56 (F); 65 (F); 60 (F); 61 (F);
65 (F); 64 (F); 68 (M); 67
(M); 73 (M); 72 (F); 73 (M).

NR

Mandible (x 11
cases)

follow-up and diagnostic procedure at the time of follow-up.
Hence we concluded the level of bias to be high for all the
included case report studies.
In the twelve case series studies, we reported a consistent
lack of clarity in some of the seven domains, predominantly
regarding the outcome measurement methods. Moreover, we
identified some missing information in few other domains;
hence we considered the level of bias to be high for all studies
We contacted the authors of these clinical cases to clarify
this bias; however we were unable to recover the missing
information.

Mandible
Mandible (x 8
cases)
Mandible (x 3
cases)

4. Discussion
Some antiresorptive drugs such as BP or denosumab have
demonstrated to improve the quality of life in patients
affected by bone metastasis, osteoporosis, osteopenia, and
Paget disease. Additionally, a new antiangiogenic therapy
has been successfully used for specific cancer treatments.
However, this has remarkably increased the risk of developing
MRONJ. This risk is greater in patients who require a higher
administration dosage and an intake period greater than 2
years [14, 45, 46].

8

BioMed Research International

Table 9: Operative analysis: type of surgery, type of free flap, flap failure, immediate postoperative complications (FFF: fibula Free flap; ICFF:
iliac crest free flap; SFF: scapula free flap).
Study
Engroff and Kim (2007)
[28]

Type of surgery

Type of free flap

Flap failure

2 x Segmental

2 x FFF

0

Immediate post-operative
complications
Small Neck hematoma in
one patient

Ferrari et al. (2008) [29]

Sub-total

1x FFF

0

0

Mücke et al. (2009) [30]

2 x Segmental

1 x FFF; 1x ICFF

0

Nocini et al. (2009) [31]

7 x Subtotal

7 x FFF

0

Seth et al. (2010) [32]

NR

11 x FFF

0

0
Rupture of mini-plate in
one patient
Prolonged infection in one
patient; Fistula and
infection in three patients.

Bedogni et al. (2011) [33]

NR

3 x FFF

1 (a year later)

Pautke et al. (2011) [34]

Segmental

1 x ICFF

0

Bittner et al. (2012) [35]

Segmental

1 x SFF

0

0

Ghazali et al. (2013) [36]

Segmental

1 x FFF

0

Hanasono et al. (2013) [37]

6 x subtotal
5 x segmental

11 x FFF

1

Sinus bradycardia
Hematoma in one patient;
Pneumonia in one patient;
Deep vein thrombosis in
one patient; Small bowel
obstruction in one patient.
All complications occurred
in FFF

Horta et al. (2014) [38]

1 x segmental

1 x FFF

0

0

Spinelli et al. (2014) [39]

8 x subtotal
2 x Partial; 1 x
Segmental

8 x FFF

0
1 (segmental- 16 days
later)

0

Vercruysse et al. (2014) [25]
Kim et al. (2015) [40]

NR

Mücke et al. (2016) [41]

NR

Neto et al. (2016) [26]
Sotsuka et al. (2016) [42]

Caldroney et al. (2017) [43]

3 x ICFF
4 x FFF
9 x FFF
5 x ICFF

0
NR

0
Fistula resolved with
removal of plate

1 (failure)
0
NR

1 x segmental

1 x FFF

0

0

NR

1 x FFF

0

6 x segmental
5 x sub total

4 x SFF
7 x FFF

0

0
Two cases with wound
infection and dehiscence
and one case the plate was
removed. (3 different
patients). One FFF and two
SFF

Moreover, literature has reported that demography, corticosteroid therapy, systemic factors, and genetic factors
have been associated with MRONJ. A recent review report
showed a wide-ranging MRONJ incidence from 0 to 27.5%
in individuals exposed to intravenous BPs, with a mean
incidence of 7%, whereas it ranges from 0.1% to 0.06% in oral
administrations [47–49].
Etiopathogenesis of MRONJ is not yet fully understood.
Although no gold standard is currently available for the
treatment of jaw osteonecrosis, a number of studies debate
which MRONJ stage benefits the most from surgical therapy
[24, 50]. In general, for early stages of the disease (MRONJ
0 and I) conservative treatments might be sufficient; surgical
treatment should be restricted to advanced stages (MRONJ II
and III) or after failure of conservative treatments [7, 50].

The majority of researches as well as AAOMS consider
conservative treatments as the treatment of choice of MRONJ.
However, there is not a robust evidence from clinical trials
as treatment recommendations mostly come from expert
opinions and are, therefore, characterised by a low level of
evidence [24, 47].
The authors of the 2009 AAOMS position statement recommend reserving resection and immediate reconstruction
to patients with stage III of the disease; however, positive
outcomes have been noted in patients with stages II and
III. Having said that no recommendations were given on
which type of reconstruction was to be considered the most
predictable [47]. The benefits of surgical management of
MRONJ have been extensively debated in literature and
radical surgery seems to offer more predictable and curative
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Table 10: Complications during follow-up time.

Follow-up time

Complications during
follow-up (included plate
removal)

MRONJ recurrence

Site of recurrence

Engroff and Kim (2007)
[28]

2x12 months

0

Recurrence in one patient

Contralateral

Ferrari et al. (2008) [29]

1 x 12 months

Plate removal

0

0

Mücke et al. (2009) [30]

2x 12 months
1x 6 months
1 x 16 months
1 x 23 months
1 x 24 months
1 x 19 months
1 x 33 months
1 x 34 months
1 x 10.0 months
1x 0.5 months
1x 30.8 months
1x 21.4 months
1x 17.8 months
1x 23.7 months
1x 10.6 months
1 x 14.2 months
1x 13.9 months
1x 12.2 months
1x 6.1 months

0

0

0

0

Recurrence in one patient

Margin of the resection

0

0

0

Study

Nocini et al. (2009) [31]

Seth et al. (2010) [32]

Bedogni et al. (2011) [33]

NR

failure of the FFF 1 year
later

0

0

Pautke et al. (2011) [34]

NR

plate removal

Recurrence in one patient

On the free flap

Bittner et al. (2012) [35]

NR

0

0

0

Ghazali et al. (2013) [36]

24 months
1 x 13.3 months
1x 20.1 months
1x 77.0 months
1x 23.8 months
1x 11.4 months
1 x 9.1 months
1x 9.1 months
1x 9.1 months
1x 8.1 months
2 x 3.0 months

0

0

0

0

0

0

0

0

0

0

0

0

Plate removal in one patient

Recurrence in one patient

Contralateral

Fracture of plate in one
patient

0

0

-

Recurrence in one of the
patient

Margin of the flap

Hanasono et al. (2013) [37]

Horta et al. (2014) [38]

Spinelli et al. (2014) [39]

Vercruysse et al. (2014) [25]

Kim et al. (2015) [40]

Mücke et al. (2016) [41]

1 x 12 months
1x 21.7 months
1x 25.1 months
1x 28.4 months
1x 32.2 months
1x 37 months
1x 28.4 months
1x 25.1 months
1x 32.9 months
1x 36 months
1x 65 months
1x 76 months
1 x 99 months
1 x 18 months
1 x 12 months
1 x 7 months
34.25 ± 33.3 months
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Table 10: Continued.
Follow-up time

Complications during
follow-up (included plate
removal)

MRONJ recurrence

Site of recurrence

Neto et al. (2016) [26]

1 x 48 months

0

0

0

Sotsuka et al. (2016) [42]

NR
3 x 6 months
2 x 44 months
1 x 69 months
1 x 36 months
1 x 28 months
1 x 10 months
1 x 17 months
1 x 11 months

0

0

0

Plate removal in one patient

0

0

Study

Caldroney et al. (2017) [43]

results. However, surgical treatment of early stages of MRONJ
remains controversial [47, 50–52].
Aggressive radical surgery is offered only to symptomatic
patients with extensive osteonecrosis, including those who
have previously failed conservative treatments [41].
This review has indicated that surgical therapy may
represent a treatment option for patients affected by MRONJ
stage III resulting in high success rates. Mucke et al. and
Caldroney et al. have documented excellent outcomes in
treating patient affected by MRONJ stage III in large cohort
studies [30, 43]. Since 2008 microvascular reconstruction of
the jaw has been documented as a viable option for MRONJ.
This systematic review confirmed that microsurgical reconstruction therapy represents a feasible alternative in case of
treatment escalation.
Even though the majority of papers included in this study
were case reports and small case studies, the outcome of
free flap treatment has been promising with a significant low
recurrence of MRONJ and minimal surgical complications
[25, 26, 28–43].
The MRONJ recurrence rate found by this systematic
review was 6.02% (5 patients). The predominant recurrence
sites were the contralateral unresected part of the jaw (2 cases)
and the margin of the resection (2 cases), both bearing an
overall recurrence rate of 2.40%. Just one case of recurrence
was found on the vascular reconstruction.
Infection was the most frequent complication found with
6.02% incidence. The overall free flap success rate was 96.39%.
Three free flaps failed during a follow-up period ranging from
2 weeks up to 99 months.
Amongst all the types of reconstruction, free flap fibula
was the most chosen, followed by iliac crest and scapula with
success rates, respectively, of 97.60%, 98.80%, and 100%.
Antiresorptive drugs were explicitly discontinued in only
three studies out of the eighteen, while no mention was
reported in the remaining studies [31, 33, 41]. It is unclear
if the discontinuation strategy leads to a better surgical
outcome due to the long skeletal life of some antiresorptive
drugs.
In line with the growing body of literature, our findings
confirm positive results in treating patients with MRONJ
using free flaps microvascular reconstruction. In order to

obtain a possible resolution of MRONJ, patients with reasonable life expectancy should be considered for microvascular
flap reconstruction after aggressive resection of the diseased
bone.

5. Conclusion
MRONJ is a significant adverse effect amongst patients
under antiresorptive agents. Although MRONJ pathogenesis
remains unclear, significant progress has been made with
respect to the diagnosis and staging of the disease, as well as
with risk-reduction strategies and treatments. This systematic
review based on multiple-reviewer quality assessment criteria
was only able to select articles that meet Level 4 of the Oxford
Evidence-based medicine scale. Due to the nature of the
MRONJ incidence and the critical condition of the patients
affected by the primary disease, it is difficult to improve
the quality of evidence unless a common effort is applied.
Therefore, the authors believe that additional quality studies,
such as control multicentre studies or case-controlled studies,
are necessary to support the hypothesis of this study.
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Background. Multitargeted tyrosine kinase inhibitors (TKIs) represent a new class of target-specific antineoplastic agents. These
agents show some specific adverse events such as fatigue/asthenia, anorexia/loss of appetite, dysgeusia, diarrhea/abdominal pain,
hypothyroidism, hypertension, myelosuppression, and stomatitis. Materials and Methods. A systematic search was performed on
PubMed online database using a combination of MESH terms and free text words, “sunitinib” OR “sorafenib” OR “axitinib”
OR “cabozantinib” OR “pazopanib” OR “regorafenib” OR “nintedanib” OR “vatalanib” combined through the use of Boolean
operator AND with the key words “stomatitis” OR “mucositis,” (i) on human subjects, (ii) written in the English language, and
(iii) reporting about the incidence of stomatitis or oral mucositis. Results. The incidence of stomatitis of any grade was 35.2%
for sunitinib, 20.52% for sorafenib, 20.63% for axitinib, and 34.21% for cabozantinib. All the agents showed high rates of lowgrade stomatitis (G1-G2), while the onset of severe stomatitis (G3-G4) was very low. Conclusions. Analysis of the reports with
patients treated with sunitinib, sorafenib, axitinib, and cabozantinib showed a clear prevalence of stomatitis grade 1 or grade 2.
These data differ from those of patients treated with conventional chemotherapy in which mucositis is predominantly of grade 3 or
grade 4.

1. Introduction
Traditional treatment of malignancies with chemotherapeutic agents often causes the damage of normal healthy cells [1].
Toxicities of the oral cavity, such as mucositis and stomatitis,
are some of the most significant and unavoidable side effects
associated with cancer treatment [2]. Oral toxicities have a
huge impact on the patient with cancer and are a common
cause of dose delays and interruptions of cancer therapy [3].
The terms “oral mucositis” and “stomatitis” are often used
interchangeably to indicate oral complications of anticancer
therapy, but they do not refer to the same process (Parkhill,
2013). Oral mucositis is a Medical Subject Headings term that
describes inflammation of oral mucosa due to chemotherapeutic agents or ionizing radiation. Stomatitis is a less specific
term used to describe any inflammatory condition of oral
tissue. For such reason in the last decades, newer targeted
agents have been developed, aiming to decrease the rates of
side effects on healthy cells.

Multitargeted tyrosine kinase inhibitors (TKIs) represent a novel class of target-specific antineoplastic agents.
The mechanism of action of this class of drugs is based
on the block of several key tyrosine kinase pathways in
human cancers, including the vascular endothelial growth
factor receptor (VEGFR), epidermal growth factor receptor
(EGFR), human epidermal growth factor receptor 2 (HER2),
and platelet-derived growth factor receptor (PDGFR) [4–
6]. Molecules that inhibit VEGFR-Tyrosine Kinase Inhibitors
(VR-TKIs) are an emerging class of highly effective targeted
therapies due to their demonstrated efficacy in a variety
of malignancies [5, 7–12]. FDA-approved VR-TKIs include
sorafenib (renal cell carcinoma [RCC], hepatocellular carcinoma [HCC], and thyroid cancer), sunitinib (RCC, HCC,
and gastrointestinal stromal tumor [GIST]), pazopanib (RCC
and soft tissue sarcomas), cabozantinib (metastatic medullary
thyroid cancer), and regorafenib (GIST and colorectal carcinoma [CRC]) [9, 10, 13–17].
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Records identiﬁed through
database (PubMed) searching
N = 358

Records excluded for no
data on side eﬀects/other
languages/no data on
mucositis type
N = 311

Records screened
and assessed for
eligibility
N = 47

Sunitinib
studies
N = 28

Sorafenib
studies
N = 16

Axitinib
studies
N=4

Cabozantinib
studies
N=2

Figure 1: Flow chart showing the process of papers selection used in this review.

Even this kind of targeted therapy based on VR-TKIs
showed some class-specific adverse events that include
fatigue/asthenia, anorexia/loss of appetite, hand-foot skin
reaction, stomatitis, dysgeusia, diarrhea/abdominal pain,
hypothyroidism, hypertension, and myelosuppression [63–
66]. Literature reported that 25% of patients treated with
multitargeted angiogenesis kinase inhibitors develop an oral
adverse event within 2 months of therapy [67].

2. Materials and Methods
The following review was performed to answer to the following question: “which is the rate of incidence of oral stomatitis
in patients treated with VEGF TKIs?”
A systematic search was performed on the PubMed
online database using a combination of MESH terms and
free text words, “sunitinib” (free text) OR “sorafenib” (free
text) OR “axitinib” (free text) OR “cabozantinib” (free text)
OR “pazopanib” (free text) OR “regorafenib” (free text) OR
“nintedanib” (free text) OR “vatalanib” (free text) combined
through the use of Boolean operator AND with the key
words “stomatitis” (MESH) OR “mucositis” (MESH), (i)
performed on human subjects, (ii) reporting about the use
of an mTOR inhibitor, (iii) written in the English language,
and (iv) reporting about the incidence of stomatitis or oral
mucositis.
Case reports and studies on animal model were excluded
from this study. No restrictions were applied to the year of
publication.
For each study, the following records were extracted:
name of the first author, year of publication, number of
patients enrolled, type of disease treated, number of events
recorded, and grade of the events reported. To simplify the
process of data extraction, an ad hoc extraction sheet was
used. In addition, data were independently extracted by two
authors (Lorenzo Lo Muzio and Claudia Arena) and checked
in a joint session.

3. Results
3.1. Bibliographic Research. Titles and abstract of 358 potentially relevant studies were screened; of these, 311 studies were
excluded because they did not meet the inclusion criteria
(Figure 1). The full texts of 47 studies were read. Of the
included studies, 28 referred to sunitinib use, 16 to sorafenib,
4 to axitinib, and 2 to cabozantinib. Of these, 5 referred to
both sunitinib and sorafenib and 2 referred to both axitinib
and sorafenib.
3.2. Analysis of Data. For sunitinib, 28 studies were analyzed
(Table 1). A total of 2.596 patients were treated with sunitinib.
The overall incidence of stomatitis of any grade with treatment was 35.2% (914 patients). Studies reported data about
grade of stomatitis for 2068 patients and 739 cases were grade
1/2 (35.73%) and 90 were grade 3/4 (5.35%).
For sorafenib, 16 studies were analyzed (Table 2). A total
of 1218 patients were treated with sorafenib. The overall
incidence of stomatitis of any grade with treatment was
20.52% (250 patients). Studies reported data about grade
of stomatitis for 830 patients and 174 cases were grade 1/2
(20.96%) and 19 were grade 3/4 (2.28%).
For axitinib, 4 studies were analyzed (Table 3). A total of
441 patients were treated with axitinib. The overall incidence
of stomatitis of any grade with axitinib treatment was 20.63%
(91 patients) and 79 cases were grade 1/2 (17.91%) and 12 were
grade 3/4 (2.72%).
For cabozantinib, 2 studies were analyzed (Table 4). A
total of 114 patients were treated with cabozantinib. The
overall incidence of stomatitis of any grade with cabozantinib
treatment was 34.21% (39 patients) and 34 cases were grade
1/2 (29.82%) and 5 were grade 3/4 (4.38%).

4. Discussion
Targeted therapy is a kind of chemotherapy that inhibits a molecular target which is abnormally expressed in malignancy.

Year

Armstrong et al. [19]

Bang et al. [20]

Cardoso et al. [21]

Carrato et al. [22]

Dirican et al. [23]

(2)

(3)

(4)

(5)

(6)

2013

2013

2012

2011

2016

(1) Arakawa-Todo et al. [18] 2013

Authors

Metastatic renal cell carcinoma
A: sunitinib 50 mg once daily was
given in repeated 6-week cycles of 4
weeks followed by 2 weeks off
Metastatic nonclear renal cell
carcinoma
A: sunitinib 50 mg/day; 6-week cycles
of 4 weeks with treatment followed by
2 weeks without treatment
Advanced gastric cancer
A: sunitinib 50 mg/day for 4 weeks on
treatment and 2 weeks off
HER2-positive metastatic breast
cancer
A: sunitinib 37.5 mg (starting dose
across sunitinib combination studies)
once daily by oral capsule on schedule
2/1
Metastatic colorectal cancer
randomized phase III trial
A: sunitinib plus FOLFIRI
(fluorouracil, leucovorin, and
irinotecan)
Metastatic renal cell carcinoma
A: sunitinib: 50 mg per day was
administered in repeated 6-week
cycles of daily therapy for 4 weeks,
followed by 2 weeks off

Neoplasia

TOT: 9 (60%)

A: 14 (27.45%)

A: 28 (35.9%)

A: 12 (48%)

A: 35 (9%)

A: 6 (26.1%)

A: 51

A: 78

A: 25

A: 386

A: 23

Stomatitis
number

A: 15

Number of cases

Stomatitis grade
2

A: 4 (17.4%)

Not reported

A: 9 (36%)

A: 27 (34.6%)

A: 14 (27%)

A: 9 (60%)

Stomatitis
grade 1

Table 1: Report on all papers about sunitinib and stomatitis.
Stomatitis
grade 4

A: 2 (8.7%)

A: 35 (9%)

A: 3 (12%)

A: 1 (1.3%)

A: 0

A: 0

Stomatitis
grade 3
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Year

Goodman et al. [25]

Grünwald et al. [26]

Hong et al. [27]

O’Donnell [28]

(8)

(9)

(10)

(11)

2011

2009

2011

2007

(7) Domagala-Haduch et al. [24] 2016

Authors
Advanced renal cell carcinoma
A: sunitinib: 50 mg/day for 4 weeks,
and then it is stopped for 2 weeks
Refractory or intolerant
gastrointestinal stromal tumors and
advanced renal cell carcinoma
A: sunitinib: 50 mg given daily for 4
weeks followed by a 2-week rest period
(schedule 4/2)
Metastatic renal cell carcinoma (RCC)
IL-21 administered subcutaneously
(s.c.) in combination with sunitinib
50 mg once daily (OD) orally at the 4
weeks on/2 weeks off
A: rIL-21 3 𝜇g/kg
B: rIL-21 10 𝜇g/kg
Advanced renal cell carcinoma patients
A: sunitinib (50 mg for 4 weeks on/2
weeks off schedule)
B: sunitinib 37.5 mg daily continuous
dosing
Advanced renal cell carcinoma (RCC)
A: sunitinib
Seven patients started at a dose of
50 mg daily and nine patients started at
a dose of 37.5 mg daily. The remaining
three patients started at 25 mg daily

Neoplasia
A: 13 (33.3%)

A: 58 (29%)

TOT: 4 (80%)
TOT: 1 (25%)

TOT: 48 (63.2%)

A: 8 (42.1%)

A: 202

A: 5
B: 4

A: 62
B: 14

TOT: 19

Stomatitis
number

A: 39

Number of cases

Table 1: Continued.
Stomatitis grade
2

A: 7 (36.9%)

TOT: 40 (64.5%)

A: 4 (80%)
B: 1 (25%)

A: 56 (27.7%)

A: 11 (28.2%)

Stomatitis
grade 1

Stomatitis
grade 4

A: 1 (5.26%)

TOT: 8 (10.5%)

A: 0
B: 0

A: 2 (1%)

A: 2 (5.1%)

Stomatitis
grade 3
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Lee et al. [6]

(16)

2009

2013

Mir et al. [34]

2016

Lee et al. [32]

(15)

2015

(18)

Lee et al. [31]

(14)

2010

2017

Lee et al. [30]

(13)

2014

Year

(17) Marschner et al. [33]

Kim et al. [29]

(12)

Authors

The starting sunitinib dose was 37.5
and 50 mg for 12 and 22 patients,
respectively. A 4 weeks on/2 weeks off
regimen was followed for 31 patients; a
2 weeks on/2 weeks off regimen for
one patient; and a daily regimen for
two patients
Metastatic renal cell carcinoma
A: 6-week cycles of sunitinib treatment
(50 mg once daily for 4 weeks on and 2
weeks off schedule)
treatment-naı̈ve patients with clear cell
type metastatic renal cell carcinoma
(mRCC)
A: sunitinib 50 mg, “2 weeks on, 1
week off”
B: sunitinib 50 mg, 4 weeks on, 2
weeks off
A: SU: 37.5 mg/die + oral capecitabine
800 mg/m2 + cisplatin 60 mg/m2
B: SU: 37.5 mg/die + oral capecitabine
1,000 mg/m2 + cisplatin 60 mg/m2
C: SU: 25 mg/die + oral capecitabine
1,000 mg/m2 + cisplatin 80 mg/m2
D: SU: 37.5 mg/die + oral capecitabine
800 mg/m2 + oxaliplatin 110 mg/m2
E: SU: 37.5 mg/die + oral capecitabine
1,000 mg/m2 + oxaliplatin 110 mg/m2
F: SU: 25 mg/die + oral capecitabine
1,000 mg/m2 + oxaliplatin 110 mg/m2
Retrospective study
A: sorafenib 400 mg twice daily for
RCC and HCC
B: sunitinib 50 mg daily, consisting of 4
weeks of treatment followed by a
2-week rest period in cycles of 6 weeks
for RCC and GIST
mRCC
A: sorafenib
B: sunitinib
mRCC
A: sunitinib 50 mg once daily for 4
weeks

Neoplasia

Stomatitis grade
2

Stomatitis
grade 4

A: 1 (3%)
B: 4 (11%)

A: 0
B: 0
C: 2 (13.3%)
D: 0
E: 0
F: 0

A: 26 (68.4%)
B: 27 (75%)

A: 5 (83.3%)
B: 3 (42.9%)
C: 6 (40%)
D: 10 (43.5%)
E: 1 (33.3%)
F: 7 (31.8%)

A: 27 (71%)
B: 31 (86%)

A: 5 (83.3%)
B: 3 (42.9%)
C: 8 (53.3%)
D: 10 (43.5%)
E: 1 (33.3%)
F: 7 (31.8%)

A: 28 (26%)
B: 43 (36%)

A: 3 (12.0%)
B: 29 (23.2%)
A: 24 (12%)

A: 6
B: 7
C: 15
D: 23
E: 3
F: 22

A: 109
B: 119

A: 25
B: 152
A: 50

A: 20 (40%)

A: 2 (8%)
B: 27 (17.7%)

Not reported

A: 4 (2%)

A: 1 (4.0%)
B: 2 (1.6%)

Not reported

A: 4 (19%)

A: 38
B: 36

A: 5 (23.8%)

A: 9 (42.8%)

A: 3 (9%)

Stomatitis
grade 3

A: 21

A: 10 (30%)

Stomatitis
grade 1

A: 13 (39%)

Stomatitis
number

A: 34

Number of cases

Table 1: Continued.
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Porta et al. [36]

Rock et al. [37]

Socinski et al. [38]

Sonpavde et al. [39]

Sternberg et al. [40]

(20)

(21)

(22)

(23)

(24)

2015

2010

2008

2007

2011

2009

Year

Yildiz et al. [42]

Yoo et al. [43]

(26)

(27)

2010

2011

(25) Van Der Veldt et al. [41] 2008

Patel et al. [35]

(19)

Authors
Advanced renal cell carcinoma
A: temsirolimus 15 mg was
administered by intravenous (I.V.)
infusion once weekly, and sunitinib
25 mg was administered orally once
daily for 4 weeks, followed by a 2-week
rest period.
mRCC
A: sunitinib
B: sorafenib
GIST
A: sunitinib 50 mg
Advanced non-small cell lung cancer
A: sunitinib 50 mg/d for 4 weeks
followed by 2 weeks of no treatment in
a 6-week cycle
Metastatic castration-resistant prostate
cancer
A: sunitinib 50 mg/day: 4 weeks on
followed by 2 weeks off
Metastatic renal cell carcinoma
(mRCC)
A: oral sunitinib 50 mg/day on a 4
weeks on/2 weeks off schedule
Advanced RCC
A: sunitinib 50 mg daily for 4-week
treatment followed by 2-week rest
period in a cycle of 6 weeks
Advanced renal cell carcinoma
A: sunitinib 37.5 mg daily
B: sunitinib 25 mg
Renal cell carcinoma
A: sunitinib 50 and 37.5 mg daily

Neoplasia

A: 1

A: 50 (58.8%)
B: 16 (26.7%)
A: 58 (29%)

A: 27 (43%)

A: 2 (5.7%)

A: 192 (37%)

A: 58 (70.73%)

A: 36 (51%)
A: 37 (57%)

A: 85
B: 60
A: 202

A: 63

A: 36

A: 521

A: 82

A: 67
A: 65

Stomatitis
number

A: 3

Number of cases

Table 1: Continued.
Stomatitis grade
2

A: 31 (50%)

A: 36 (51%)

A: 51 (62%)

A: 159 (31%)

A: 1

A: 27 (43%)

A: 56 (27.7%)

A: 48 (56.4%)
B: 16 (26.7%)

A: 1 (33.3%)

Stomatitis
grade 1

Stomatitis
grade 4

A: 6 (10%)

A: 0

A: 7 (9%)

A: 33 (6%)

A: 1

A: 0

A: 2 (1%)

A: 2 (2.4%)
B: 0

A: 0

Stomatitis
grade 3
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Total
Total with grade
Total not reporting grade∗
Total reporting only grade >2∗∗

Zhao et al. [44]

Neoplasia

Locally advanced clear cell renal
carcinoma
A: sorafenib 400 mg orally twice daily
2013
for a 4-week cycle
B: sunitinib 50 mg orally daily for a
6-week cycle

Year

A: 8 (40%)
B: 7 (30%)

914 (35.2%)
829 (40.08%)
50 (3.52%)
35 (0.06%)

2.596
2.068
142
386

Stomatitis
number

A: 20
B: 23

Number of cases

Stomatitis grade
2

739 (35.73%)
Not reported
Not reported

Not reported

Stomatitis
grade 1

Stomatitis
grade 4

90 (5.35%)
Not reported
35 (0.06%)

Not reported

Stomatitis
grade 3

Note. ∗ Carrato et al. (2013) [22] did not report the grade of stomatitis; ∗∗ Lee et al. (2009) [6] and Zhao et al. (2013) [44] reported the incidence rates limited to grade 3 and grade 4 treatment-related toxicities; for
this reason, data about cases of stomatitis and stomatitis grades 1 and 2 are lower than real.

(28)

Authors

Table 1: Continued.
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(6)

(5)

(4)

(3)

(2)

(1)

Year

Neoplasia

Cho et al. [45]

2013

Advanced hepatocellular carcinoma
A: sorafenib 400 mg twice daily
Refractory thyroid cancer
Sorafenib 400 mg was given orally
twice daily continuously, sunitinib
50 mg was given once daily on a 4
Chrisoulidou et al. [46] 2015
weeks of treatment followed by
2-week intervals without therapy,
and vandetanib 300 mg was given
once daily
Unresectable high-grade
osteosarcoma progressing after
standard treatment
Grignani et al. [47]
2015
400 mg sorafenib twice a day
together with 5 mg everolimus once
a day
Stage III/IV epithelial ovarian
cancer
A: paclitaxel 175 mg/m2, 1–3 h IV
Hainsworth et al. [48] 2015
infusion/carboplatin AUC 6.0,
20 min IV infusion/sorafenib
400 mg PO BID
Phase II
Sorafenib 200 mg PO BID and
Hainsworth et al. [49] 2013
everolimus 35 mg PO once weekly
Retrospective study
A: sorafenib 400 mg twice daily for
RCC and HCC
Lee et al. [6]
2009 B: sunitinib 50 mg daily, consisting
of 4 weeks of treatment followed by
a 2-week rest period in cycles of 6
weeks for RCC and GIST

Authors
A: 4 (4%)

A: 13 (54%)

A: 20 (52.63%)

A: 16 (37%)

A: 10 (13.3%)

A: 28 (26%)
B: 43 (36%)

A: 24

A: 38

A: 43

A: 75

A: 109
B: 119

Stomatitis (%)

A: 99

Cases
number

Stomatitis grade
2%

Stomatitis grade
4%

Mucositis/stomatitis: 0
Mucositis/stomatitis: 0

Mucositis/stomatitis: 10/14%
Mucositis/stomatitis: 2/3%

Not reported

A: 0

Oral mucositis
A: 16 (37%)

Not reported

Not reported

A: 1 (4.16%)

Not reported

Stomatitis grade
3%

Not reported

A: 12 (50%)

Not reported

Stomatitis
grade 1%

Table 2: Report on all papers about sorafenib and stomatitis.
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Meyer et al. [50]

Porta et al. [51]

Richly et al. [52]

Schwartzberg et al. [53]

(8)

(9)

(10)

(11)

2013

2006

2011

2017

2017

Year

(13)

Sho et al. [55]

2017

(12) Shacham-Shmueli et al. [54] 2012

Marschner et al. [33]

(7)

Authors
mRCC
A: sorafenib
B: sunitinib
Unresectable HCC
A: sorafenib 660 mg
mRCC
A: sunitinib
B: sorafenib
Refractory solid tumors
A: sorafenib 100 mg + doxorubicin
B: sorafenib 200 mg + doxorubicin
C: sorafenib 400 mg + doxorubicin
D: sorafenib 400 mg + doxorubicin
Advanced breast cancer
A: sorafenib (400 mg, twice daily)
Advanced solid tumors
A: sorafenib 100 mg BID (50 mg
tablets) + infusion regimen
B: sorafenib 200 mg BID (50 mg
tablets) + infusion regimen
C: sorafenib 400 mg BID (50 mg
tablets) + infusion regimen
D: sorafenib 400 mg BID (50 mg
tablets) + bolus A regimen
E: sorafenib 400 mg BID (200 mg
tablets) + infusion regimen
F: sorafenib 400 mg BID (200 mg
tablets) + bolus B regimen
Advanced hepatocellular carcinoma
A: 250 mg/m2 of 5-FU and
sorafenib 800 mg daily
B: 350 mg/m2 of 5-FU and sorafenib
800 mg daily
C: 450 mg/m2 of 5-FU and
sorafenib 800 mg daily

Neoplasia

A: B: C: D: 3 (33%)
E: F: -

A: B: C: 1

A: 17 (21.5%)

Not reported

A: 0
B: 1
C: 2

A: 50 (58.8%)
B: 16 (26.7%)

TOT 11 (32%)

A: 27 (34.1%)

A: B: C: D: 3 (33%)
E: F: -

A: 0
B: 1
C: 3

A: 6
B: 6
C: 12
D: 10
A: 79

A: 10
B: 7
C: 6
D: 9
E: 6
F: 9

A: 3
B: 3
C: 6

Not reported

A: 48 (56.4%)
B: 16 (26.7%)

A: 10 (12.65%)

A: 3 (50%)
B: C: 6 (50%)
D: 2 (20%)

A: 2 (2.4%)
B: 0

A: 5 (3%)

A: 85
B: 60

A: 36 (23%)

A: 41 (26%)

A: 157

A: 1 (4.0%)
B: 2 (1.6%)

Stomatitis grade Stomatitis grade Stomatitis grade
2%
3%
4%

A: 2 (8%)
B: 27 (17.7%)

Stomatitis
grade 1%

A: 3 (12.0%)
B: 29 (23.2%)

Stomatitis (%)

A: 25
B: 152

Cases
number

Table 2: Continued.
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Williamson et al. [57]

Zhao et al. [44]

(15)

(16)

Neoplasia

2013

Metastatic renal cell carcinoma
A: axitinib
B: sorafenib
Advanced and metastatic squamous
cell carcinoma of the head and neck
2010 A: sorafenib orally at 400 mg twice
daily on continuous basis in 28-day
cycles
Locally advanced clear cell renal
carcinoma
A: sorafenib 400 mg orally twice
2013
daily for 4-week cycle
B: sunitinib 50 mg orally daily for a
6-week cycle

Year
A: 54 (15.04%)
B: 44 (12.39%)

A: 2 (4.9%)

A: 8 (40%)
B: 7 (30%)

250 (20.52%)
174 (20.96%)
60 (22.55%)
16 (13.11%)

A: 41

A: 20
B: 23

1218
830
266
122

Stomatitis (%)

A: 359
B: 355

Cases
number

155 (18.67%)
Not reported
Not reported

Not reported

Not reported

19 (2,28%)
Not reported
16 (13.11%)

Not reported

A: 2

A: 5 (1.39%)
B: 1 (0.28%)

Stomatitis grade Stomatitis grade Stomatitis grade
2%
3%
4%

A: 49 (13.64%)
B: 43 (12.11%)

Stomatitis
grade 1%

Note. ∗ Cho et al. (2013) [45], Grignani et al. (2015) [47], Lee et al. (2009) [6], and Zhao et al. (2013) [44] did not report the grade of stomatitis; ∗∗ Richly et al. (2006) [52], Shacham-Shmueli et al. (2012) [54], and
Williamson et al. (2010) [57] reported the incidence rates limited to grade 3 and grade 4 treatment-related toxicities; for this reason, data about cases of stomatitis and stomatitis grades 1 and 2 are lower than real.

Total
Total with grade
Total not reporting grade∗
Total reporting only grade >2∗∗

Ueda et al. [56]

(14)

Authors

Table 2: Continued.
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2013

2014

2015

(2) Ueda et al. [56]

(3) Karam et al. [59]

(4)

Total

Oh et al. [60]

2005

Year

Rugo et al. [58]

(1)

Authors

Phase I study
Advanced solid tumors
A: AG-013736
Axitinib 5–30 mg in 28-day cycle
Metastatic renal cell carcinoma
A: axitinib
B: sorafenib
Phase II trial of locally advanced
nonmetastatic clear cell renal
carcinoma
A: axitinib 5 mg for up to 12 weeks
Phase I study: previously untreated
advanced gastric cancer
A: axitinib 5 mg twice a day (days 1 to
21) with cisplatin 80 mg/m2 (day 1) and
capecitabine 1,000 mg/m2 twice a day
(days 1 to 14) in 21-day cycles

Neoplasia

A: 4 (11%)

A: 54 (15.04%)
B: 44 (12.39%)

A: 17 (70.8%)

A: 16 (72.7%)

91 (20.63%)

A: 359
B: 355

A: 24

A: 22

441

Stomatitis
number

A: 36

Number of cases

Stomatitis grade
2

79 (17.91%)

A: 12 (54.5%)

A: 16 (67%)

A: 49 (13.64%)
B: 43 (12.11%)

A: 2 (6%)

Stomatitis
grade 1

Table 3: Report on all papers about axitinib and stomatitis.
Stomatitis grade
4

12 (2.72%)

A: 4 (18.2%)

A: 1 (4.2%)

A: 5 (1.39%)
B: 1 (0.28%)

A: 2 (6%)

Stomatitis grade
3
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12
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Table 4: Report on all papers about cabozantinib and stomatitis.
Authors

1 Neal et al.
[61]

2 Tolaney et
al. [62]

Total

Year

Neoplasia

Phase II trial for EGFR
wild-type
non-small-cell lung
cancer
2016
A: erlotinib
B: cabozantinib
C: erlotinib +
cabozantinib
Phase II metastatic
triple negative breast
cancer
2017
A: oral dosing of
cabozantinib at 60 mg
daily over a 21-day cycle

nNumber of
cases

Stomatitis
total

A: 40
B: 40
C: 39

A: 2 (5%)
B: 17 (43%)
C: 9 (24%)

A: 35

A: 13 (37%)

114

39 (34.21%)

This method allows reaching a preferential localization of a
drug in the region of disease, thus achieving an increase in
local concentration. VEGFR TKI drugs work by inhibiting
neoangiogenesis in the tumor.
The cloning of vascular endothelial growth factor in 1989
was a major step in understanding of tumor angiogenesis.
Angiogenesis inhibitors are a class of drugs that include
monoclonal antibodies and tyrosine kinase inhibitors.
In this review, we focused on oral side effects provoked
by tyrosine kinase inhibitors. Small molecule inhibitors of
VEGFR2 were first reported in 1996. This type of therapy is
based on the fact that tumor cells can obtain the necessary
oxygen and nutrients for survival by passive diffusion for
tumor size <1-2 mm, but angiogenesis is necessary for tumor
growth beyond the size of 100–300 cells [68]. The mRNAs for
both VEGFR1 and VEGFR2 are reported to be upregulated
in tumor-associated endothelial cells in comparison to the
vasculature of the surrounding normal tissue. Moreover,
recent studies highlighted that VEGF and VEGFR-1 and
VEGFR-2 not only drive tumor angiogenesis but also directly
stimulate tumor growth and the formation of metastases [69].
Overexpression of both VEGF and VEGFR is reported for
many human solid cancers, including cancers of the gastrointestinal tract [70, 71], pancreas [72], breast [73, 74], stomach
[75], cervix [76, 77], bladder [78, 79], kidney [78], prostate
[80], ovaries [81, 82], endometrium [83], lung [84], brain
[85, 86], and melanoma [87] and squamous cell carcinoma
of the head and neck [88].
The main oral side effects reported in the studies include
nonspecific stomatitis, dysgeusia, and xerostomia. These
toxicities may occur alone or in combination.
Results of analysis of the literature showed that the
incidence rate of overall stomatitis is higher in patients treated
with sunitinib (40.08%) compared to sorafenib (22.55%),
axitinib (20.63%), and cabozantinib (34.21%). Although it
was not possible to carry out an accurate analysis of stomatitis by grade, it can be noted that most of the studies
included in the review showed a high rate of minor stomatitis
(G1-G2), while the onset of severe stomatitis (G3-G4) was

Stomatitis
grade 1

Stomatitis
grade 2

A: 2 (5%)
B: 13 (33%)
C: 8 (21%)

A: 11

34 (29.82%)

A: 2

Stomatitis
grade 3

Stomatitis
grade 4

A: 0
B: 4 (10%)
C: 1 (3%)

A: 0
B: 0
C: 0

A: 0

A: 0

5 (4.38%)

lower. Indeed, in patients treated with sunitinib, the rate of
incidence of low-grade stomatitis was 35.73%, while the rate
of incidence of high-grade stomatitis was 5.35%; in patients
treated with sorafenib, the rate of incidence of low-grade
stomatitis was 18.67%, while the rate of incidence of highgrade stomatitis was 2.28%; in patients treated with axitinib,
the rate of incidence of low-grade stomatitis was 17.91%,
while the incidence of high-grade stomatitis was 2.72%; in
patients treated with cabozantinib, the rate of incidence of
low-grade stomatitis was 29.82%, while the rate of incidence
of high-grade stomatitis was 4.38%. These results differ from
those reported in literature about mucositis provoked by
conventional chemotherapy in which mucositis is often a
severe and dose-limiting toxicity.
The stomatitis caused by this kind of targeted therapy
presents as a diffuse mucosal hypersensitivity/dysesthesia
which can be associated with moderate erythema or inflammation of the oral mucosa. The symptoms appear in the
first week of treatment and then gradually disappear [67,
89]. The literature reports that sunitinib and sorafenib may
cause linear lingual ulcers of the nonkeratinized mucosa.
Other typical oral side effects caused by treatment with
VEGFR TKI are dysgeusia reported after treatment with
cabozantinib and sunitinib and benign migratory glossitis
which can be moderately painful and usually does not require
any treatment modification or specific local treatment [90].
The changes in vascular permeability caused by the inhibition of VEGF can also induce mucocutaneous bleeding [91]
and a delay in wound healing. Moreover, an oral screening
for patients should be considered before undergoing therapy with antiangiogenic treatment. Treatment with tyrosine
kinase inhibitors should end at least 1 week before oral
surgery.

5. Conclusion
In conclusion, the targeted therapy has not kept the initial
promises, as it determines several side effects, even if it is
often lower than traditional chemotherapy. Regarding the

BioMed Research International
oral cavity, the main side effect remains stomatitis, present
in 20–30% of patients. The major advantage is that stomatitis
is predominantly grade 1-2 in patients treated with targeted
therapy while the effects of conventional chemotherapy are
predominantly grades 3 and 4.
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Objectives. To review the available literature on medication-related osteonecrosis of the jaw (MRONJ) associated with
antiangiogenics in antiresorptive-naı̈ve individuals. Methods. A literature search was performed using MEDLINE via PubMed,
EMBASE, and Web of Science in December 2017. Results. We identified reports describing a total of 35 antiresorptive drugsnaı̈ve patients who developed antiangiogenic-related MRONJ. The mean age of these patients was 59.06 years and the F : M ratio
was 4 : 5. The most common underlying disease was metastatic renal cell cancer. Pain to the mandible was the most common
complaint (34.29%) and the majority of patients presented with bone exposure. The mean duration of intravenous and oral
antiangiogenics before MRONJ development was 6.5 and 16.72 months, respectively. The most common additional risk factor
was dental extraction (37.14%). Almost half of the MRONJ patients (48.57%) received surgical treatment. 18 patients (62.06%) were
reported to have disease resolution within an average time of 6.75 months. Conclusion. MRONJ associated with antiangiogenic
therapy in antiresorptive-naı̈ve patients is a rare but potentially serious adverse effect. Available data suggests that there might
be notable differences between MRONJ associated with antiangiogenics and antiresorptives; however, further prospective welldesigned studies are required.

1. Introduction
Medication-related osteonecrosis of the jaw (MRONJ) is an
uncommon and potentially serious adverse side effect of
antiresorptive and antiangiogenic agents [1]. It can cause
chronic pain, infection, dysfunction, and disfigurement and
can affect the quality of life of affected individuals [2,
3]. The vast majority of cases of MRONJ are associated
with antiresorptive agents including bisphosphonates, denosumab, and more recently romosozumab [4–7]. A notably
smaller number of cases are associated with the use of
antiangiogenic agents, both in individuals who also take
antiresorptive drugs and in those who are antiresorptive
drugs-naı̈ve [8]. MRONJ can develop in approximately 7%
of cancer patients taking high-potency bisphosphonates or

high-dose denosumab and about 0.01–0.1% of those with
osteoporosis using low-potency oral bisphosphonates or lowdosage denosumab [1, 9–12]. The use of antiangiogenic
agents in combination with antiresorptive drugs is known
to increase the risk of MRONJ development [13]; however,
little is known regarding the incidence and prevalence of
antiangiogenic-related MRONJ in antiresorptive drugs-naı̈ve
individuals. Antiangiogenic inhibitors have been increasingly
used in the management of a range of malignancies including
ovarian cancer, metastatic renal cell cancer, breast cancer,
colorectal cancer, non-small-cell lung cancer (NSCLC), and
glioblastoma multiforme [14]. Antiangiogenic inhibitors can
be categorised into three major groups based on their
mechanism of action: anti-VEGF monoclonal antibody (e.g.,
bevacizumab), VEGF decoy receptors or VEGF-Trap (e.g.,
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aflibercept), and small molecule tyrosine kinase inhibitors
(TKI) that block the VEGF receptors downstream signaling
pathways (e.g., sunitinib, cabozantinib, and sorafenib) [15]
(Table 1). Additionally, the mammalian target of rapamycin
(mTOR) inhibitors also seems to have antiangiogenic effects
by inhibiting the production of VEGF and platelet-derived
growth factors (PDGF) [16–18].
The number of patients developing MRONJ associated
with antiangiogenic inhibitors or a combination of antiangiogenics and antiresorptive drugs has been growing over the last
few years [8, 13, 19, 20]. The purpose of the present study is
to provide a comprehensive review of the published reports
of MRONJ associated with antiangiogenic agents in patients
with no history of antiresorptive therapies.

2. Materials and Methods
2.1. Literature Search Strategy. A literature search was conducted to identify clinical trials, case reports, and case
series on MRONJ associated with antiangiogenic treatment
in antiresorptive drugs-naı̈ve individuals using MEDLINE
via PubMed (up to December 2017), EMBASE (from 1980
to December 2017), and Web of Science (from 1900 to
December 2017). The search strategy used the following
keywords: “osteonecrosis,” “jaw osteonecrosis,” “jaw bone
necrosis,” “oral osteonecrosis,” “antiangiogenic,” “angiogenesis inhibitors,” “antineoplastic agents,” “antiangiogenic activity,” “antiangiogenic therapy,” “chemotherapy,” and “targeted
therapy.” The references of retrieved articles were manually
searched in order to identify additional relevant articles
and abstracts. The search included articles published in
English and other languages. Inclusion criteria were patients
developing MRONJ associated with antiangiogenic agents
based on the definition of MRONJ proposed by the special
committee on MRONJ of the American Association of Oral
and Maxillofacial Surgeons (AAOMS) in 2014 [1]. Patients
with history of radiotherapy involving the jaw bones and
patients having previous history or concurrent use of antiresorptive therapy were excluded.

3. Results
3.1. Search Results. A total of 4,597 articles were retrieved
by the initial search, including literature reviews, duplicate
articles, clinical trials, and case reports with bisphosphonates
and antiangiogenic treatment. The flow chart of review
process to identify studies included and excluded is shown
in Figure 1. Following screening the articles, we identified
28 articles describing 35 cases of MRONJ meeting the
aforementioned inclusion criteria. Of these 28 publications,
26 papers were published in English, one was published
in Italian, and one was published in Japanese. These 35
reported MRONJ cases were related to previous history of
treatment with bevacizumab (14 cases), aflibercept (5 cases),
sunitinib (3 cases), cabozantinib (2 cases), sorafenib (1 case),
temsirolimus (1 case), everolimus (1 case), dasatinib (1 case),
and multiple antiangiogenic agents (7 cases) (Table 2).
All 35 patients were reported to have developed MRONJ
associated with at least one antiangiogenic agent and without
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a history of treatment with antiresorptive drugs. There were
19 males (54.29%) and 14 males (40%). The mean age of
patients was 59.06 years (range: 33–80 years). The underlying
diseases that required treatment with antiangiogenic agents
included metastatic renal cell cancer (10 patients, 28.57%)
followed by metastatic colorectal cancer (6 patients, 17.14%),
metastatic breast cancer (5 patients, 14.29%), and other
cancers (14 patients, 40%).
The most common presenting symptom was pain to the
mandible/maxilla (12 patients, 34.29%) whereas 8 individuals
(22.86%) reported no notable symptoms. The remaining
patients had a variety of presenting complaints including
mild discomfort to the mandible (1 patient, 2.86%), spontaneous teeth loss (1 patient, 2.86%), gingival bleeding (1
patient, 2.86%), and limited mouth opening together with
submandibular swelling (1 patient, 2.86%). Moreover, there
were 6 patients (17.14%) presenting with multiple symptoms
including pain to the jaw, halitosis, spontaneous tooth loss,
ulceration, difficulty in chewing, and paraesthesia. Regarding
clinical characteristics of MRONJ, 32 patients (91.43%) had
intraoral frank bone exposure, while the other three patients
had nonexposed MRONJ. Mandible was the most common
area of MRONJ development (29 patients, 82.86%), whereas
four patients (11.43%) developed MRONJ in the maxilla.
Fourteen patients (40%) were exposed to bevacizumab,
followed by aflibercept (5 patients, 14.29%), sunitinib (3
patients, 8.57%), cabozantinib (2 patients, 5.71%), sorafenib (1
patient, 2.86%), temsirolimus (1 patient, 2.86%), everolimus
(1 patient, 2.86%), dasatinib (1 patient, 2.86%), and multiple antiangiogenic agents (7 patients, 20%). Regarding the
routes of drug administration, antiangiogenic medications
were administered intravenously in 21 patients (60.00%),
while 12 patients (34.29%) were given antiangiogenic therapy
orally. Two patients (5.71%) were given the combination
of intravenous administration and oral administration. The
mean duration of intravenous and oral antiangiogenic therapy before MRONJ development was 6.49 months (range:
0.23–36; SD = 1.82; 95% CI: 2.67–10.30) and 16.72 months
(range: 1–60; SD = 6.42; 95% CI: 2.59–30.84), respectively.
Patients with MRONJ also received a variety of concomitant medications including chemotherapy, hormone therapy,
corticosteroids, antihypertensive drugs, antidepressants, and
gastrointestinal medications.
Additional risk factors for MRONJ were reported in
21 patients, with dental extraction being the most prominent factor (13 patients, 37.14%). Other factors included
history of mucosal trauma from dentures, chronic infection/inflammation to the tooth-bearing alveolar bone (periodontal disease), and insertion of osteointegrated dental
implants (8 patients, 22.86%). The mean time to MRONJ
diagnosis after tooth extraction was 3.09 months (range:
0.23–8; SD = 1.13; 95% CI: 0.40–5.77).
Regarding the management of MRONJ, seventeen
patients (48.57%) were managed with surgical procedures
alone or combined with medications (antibiotic
therapy, antimicrobial mouthwash) and interruption of
antiangiogenic agents. 16 patients did not receive surgery
(45.71%), with antiangiogenic agents being discontinued
in 7 cases. There was no active intervention reported in
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Records identified through database searching
MEDLINE = 1,355
EMBASE = 3,182
Web of Science = 60
(n = 4,597)

Duplicates removed
(n = 719)

Records screened
(n = 3,878)

6 articles obtained
from manual
reference list search

Records excluded following
inclusion and exclusion
criteria
(n = 3,850)

Studies included
in this review
(n = 28)

Figure 1: Flow chart of the study selection process.

one patient. Most surgical interventions (11 patients) were
minimally invasive procedures including smoothening of
exposed bone, local flap coverage, removal of superficial
necrotic bone, soft tissue debridement, and bone curettage,
whereas 6 patients underwent major surgery such as bone
decortication, resection of necrotic bone with local flap
coverage, segmental osteotomy, and block resection. The
outcomes of therapy were reported for 29 patients (82.8%),
whereas no information was provided for the other 6 cases.
18 patients out of these 29 (62%) were reported to have
disease resolution, while 11 patients showed persistent bone
exposure. Disease resolution was described as complete
mucosal coverage/no evidence of exposed bone in 13
cases, whereas no clear description was provided for the
remaining 5 cases. Of note, one patient who experienced
disease resolution to the left side of the mandible eventually
developed a new area of MRONJ to the right mandible.
The mean time from MRONJ diagnosis to complete healing
was 6.75 months (range months: 1.84–22; SD = 2.47; 95%
CI: 0.90–12.59). The data of 35 reported cases with MRONJ
associated with antiangiogenics are summarised in Table 3.

4. Discussion
The present study is the first comprehensive review upon
MRONJ in patients treated with antiangiogenics in the
absence of bone-modulating therapy.
We present data from 35 patients with different metastatic
cancers who developed MRONJ following antiangiogenic
treatments. All individuals were antiresorptive drugs-naı̈ve.
We have identified a number of differences between MRONJ
associated with antiangiogenic agents and MRONJ associated
with antiresorptive drugs. Our data showed a sex ratio of 4 : 5
(F : M) and an age range of 33–80 years (mean: 59.06 years),
compared to sex ratio of 3 : 2 and age range of 42–90 years
(mean 66 years) reported for antiresorptive drugs-associated
MRONJ [50–52]. There also seem to be differences in the
prevalence of MRONJ in these two populations. The reported

prevalence of MRONJ in patients who had been treated with
intravenous bevacizumab alone for the treatment of advanced
breast cancer was 0.2%, which was lower than that of MRONJ
associated with intravenous antiresorptive agents (7%) [11,
19]. However, it is important to note that the prevalence of
MRONJ related to antiangiogenic agents may also depend
on the epidemiology of underlying malignancies that require
antiangiogenic therapy.
The clinical presentations of MRONJ associated with
antiangiogenics also seem to be different from MRONJ due
to antiresorptive agents. Approximately up to 25% of MRONJ
cases related to antiresorptive medications can present without frank bone exposure [53], whereas most of the patients
in the present review had clear evidence of bone exposure
(91.43%). However, the number of patients with nonexposed
MRONJ might be underestimated, since until 2014 MRONJ
could only be diagnosed in individuals with clinical evidence
of exposed bone as per AAOMS definition [53, 54].
With respect to the presenting complaints and location,
they appear to be similar in two populations. The majority
of patients with antiangiogenic-related MRONJ in this study
experienced pain to the jaw, which is also the most common
complaint in patients with MRONJ associated with antiresorptive agents [51, 55]. In the present study, most MRONJ
cases associated with antiangiogenic therapy tended to occur
in the mandible more frequently than in the maxilla, similar
to those with antiresorptive drugs-induced MRONJ [50, 52].
A number of additional risk factors were identified in the
present review including dental extraction, the use of denture,
periodontal infection, and dental implant. Almost 40% of
reported cases in this study were predominantly preceded by
tooth extraction, which is similar to those with antiresorptive
drugs-related MRONJ [50, 56].
There is a slight difference with respect to underlying malignancies between two populations. Patients with
antiresorptive drugs-associated MRONJ showed the previous history of multiple myeloma, metastatic breast cancer,
and metastatic prostate cancer, whereas those with MRONJ
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Table 1: Approved antiangiogenic medications [14, 15, 21, 22].
Approved antiangiogenic drugs

Anti-VEGF monoclonal antibody

Bevacizumab

Indications for use
Metastatic colorectal cancer
Non-small-cell lung cancer
Glioblastoma multiforme
Metastatic renal cell cancer
Macular degeneration
Metastatic HER2 negative breast cancer
Persistent, recurrent, and metastatic cervical cancer
Platinum-resistant recurrent epithelial ovarian, fallopian tube or primary peritoneal cancer

VEGF decoy receptor (VEGF-Trap)
Aflibercept
Tyrosine kinase inhibitors
Sorafenib

Sunitinib
Cabozantinib
Erlotinib
Axitinib
Pegaptanib
Ranibizumab
Pazopanib
Vandetanib
Regorafenib

Imatinib

Dasatinib

Indications for use
Metastatic colorectal cancer
Indications for use
Metastatic renal cell cancer
Hepatic cancer (hepatocellular carcinoma)
Metastatic renal cell carcinoma
Gastrointestinal stromal tumour
Pancreatic neuroendocrine tumour
Medullary thyroid cancer
Non-small-cell lung cancer
Pancreatic cancer
Metastatic renal cell cancer
Macular degeneration
Macular degeneration
Metastatic renal cell cancer
Soft tissue sarcoma
Medullary thyroid cancer
Metastatic colorectal cancer
Gastrointestinal stromal tumour
Chronic myeloid leukemia
Renal cell cancer
Gastrointestinal stromal tumour
Philadelphia chromosome-positive (Ph+) chronic
myeloid leukemia (CML)
Chronic phase Ph+ CML
Philadelphia chromosome-positive (Ph+) acute lymphoblastic leukemia (Ph+ ALL)

Mammalian target of rapamycin
inhibitors (mTOR inhibitors)
Temsirolimus

Everolimus

related to antiangiogenic medications in our review were
mainly diagnosed with metastatic renal cell cancer, followed
by metastatic colorectal cancer and metastatic breast cancer
as demonstrated in Table 3 [52].

Indications for use
Renal cell cancer
Advanced breast cancer
Advanced renal cell cancer
Pancreatic neuroendocrine tumour
Tuberous sclerosis complex
Subependymal giant cell astrocytoma

Although there was no consistent pattern in the time to
MRONJ development in this review, the average time for
developing MRONJ among patients with either intravenous
or oral antiangiogenics was shorter than the average time to

63

64

NA NA

NA NA

47

57

Greuter et al.
[24]

Serra et al.
[25]

Guarneri et
al. [19]

Guarneri et
al. [19]

Brunamonti
Binello et al.
[26]

Bettini et al.
[27]

(3)

(4)

(5)

(6)

(7)

(8)

F

Jaw pain
(gingival pain)

Bevacizumab
15 mg/kg
every 2 weeks

Bone
exposure

Bone
exposure

NA

NA

Jaw pain,
paraesthesia

Jaw pain,
halitosis, tooth
loss

Bevacizumab
7.5 mg/kg or
15 mg/kg every 3 weeks
Bevacizumab
15 mg/kg
(total 8 doses in
6 months)
Bevacizumab
945 mg/21 days
4 cycles

Surgical treatment
Epirubicin
Cisplatin
Gemcitabine
Cisplatin
Corticosteroid

Metastatic breast
cancer

Metastatic
non-small-cell
lung cancer

Docetaxel

Docetaxel

Bevacizumab
7.5 mg/kg or
15 mg/kg every 3 weeks

Metastatic breast
cancer

Bone
exposure

Bone
exposure

Bone
exposure

Jaw pain

Bevacizumab
7.5 mg/kg

Pneumectomy
Lymph node ablation
Cisplatin
Gemcitabine

Metastatic
non-small-cell
lung cancer

Bone
exposure

Bone
exposure

Bone
exposure

Clinical
presentation

Bevacizumab

Maxillary pain

Jaw discomfort

Bevacizumab
15 mg/kg
every 3 weeks
(total 8 doses)

Symptoms

Liposomal-doxorubicin

Mastectomy
Chest wall resection
Chest wall radiation
Doxorubicin
Cyclophosphamide
Letrozole
Paclitaxel
Capecitabine
Surgical resection
Radiotherapy
Temozolomide

Treatment and concurrent
Antiangiogenic agents
medications

Metastatic breast
cancer

Glioblastoma
multiforme

Metastatic breast
cancer

Diagnosis of
cancer

Adenocarcinoma
M
of parotid gland

M

F

F

33

Estilo et al.
[23]

(2)

F

51

Age Sex

Estilo et al.
[23]

Authors

(1)

Number

Mandible

Mandible

NA

Mandible

Mandible

Maxilla

Mandible

Mandible

Site of
MRONJ

2 months
after starting
bevacizumab

16 months
after starting
bevacizumab

2 months
after starting
bevacizumab

7 months
after starting
bevacizumab

1 week
after starting
bevacizumab

11 weeks
after starting
bevacizumab
2 months
after starting
bevacizumab

18 weeks
after starting
bevacizumab

Time to MRONJ

NA
Surgical treatment
Symptomatic
(removed necrotic bone)
eruption of lower
Amoxicillin with
third molar
clavulanate
Metronidazole
Amoxicillin with
Periodontal
clavulanate
infection
Lincomycin (for 7 days)

None

None

Extraction
(1 week)

Surgical treatment

Extraction due to
dental infection
(1 month)

Surgical treatment
(local flap coverage)
Amoxicillin with
clavulanate
Chlorhexidine
mouthwash 0.2%
Surgical treatment
(mandible decortication,
tooth extraction)
Interruption of
bevacizumab

None

Surgical treatment
(smoothen exposed
bone)
Chlorhexidine
mouthwash 0.12%
Interruption of
bevacizumab

Management of MRONJ

None

None

Predisposing
factors

Table 2: Previously reported cases of MRONJ associated with antiangiogenic medications (𝑛 = 35).

Disease
resolution

Persistent bone
exposure
(7 months)

Complete
mucosal
coverage

—

—

Complete
mucosal
coverage
Disease
resolution
(6 months)

NA

—

Not specified

—

Complete
mucosal
coverage

Definition of
disease
resolution

Persistent bone
exposure
(3.5 months)

Disease
resolution

Persistent bone
exposure
(3 months)

Disease
resolution (few
weeks)
Developed new
MRONJ lesion
(right mandible)

Outcomes
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69

Tzermpos et
al. [31]

(12)

F

M

Ponzetti et al.
64
[33]

43

63

51

Mawardi et
al. [34]

Mawardi et
al. [34]

Mawardi et
al. [34]

(15)

(16)

(17)

(18)

M

M

M

F

M

M

M

66

(14)

55

60

Fusco et al.
[30]

(11)

Abel Mahedi
Mohamed
et al. [32]
Abel Mahedi
Mohamed
et al. [32]

67

Sato et al.
[29]

(10)

(13)

51

Dişel et al.
[28]

(9)

M

Age Sex

Authors

Number

Aflibercept

Aflibercept

NA

5-Fluorouracil
Leucovorin
Oxaliplatin

Metastatic
esophageal
cancer

Aflibercept

5-Fluorouracil
Leucovorin
Irinotecan

Metastatic
carcinoid cancer

Metastatic
colorectal cancer

Aflibercept

Bevacizumab

Bevacizumab

Jaw pain

Asymptomatic

Bone
exposure

Bone
exposure

Bone
exposure

Bone
exposure

Spontaneous
teeth loss with
purulent
discharge
Jaw pain

Nonexposed
MRONJ

Bone
exposure

Pain

Asymptomatic

Bone
exposure

Jaw pain,
discomfort,
paraesthesia

Bevacizumab
15 mg/kg
every 3 weeks

Mandible

Mandible

Mandible

Mandible

Mandible

Maxilla

Mandible

Mandible

Bone
exposure

Maxilla

Mandible

Site of
MRONJ

Nonexposed
MRONJ

Bone
exposure

Clinical
presentation

Jaw pain

Jaw pain

Jaw pain, ulcer,
difficulty in
chewing

Symptoms

Bevacizumab

Bevacizumab

Bevacizumab
5 mg/kg
every 2 weeks

5-Fluorouracil
Irinotecan

Corticosteroids

Glioblastoma
multiforme

Metastatic
colorectal cancer

Corticosteroids

Carboplatin
Docetaxel
Cortisone

5-Fluorouracil
Leucovorin
Oxaliplatin
Surgical treatment
Oxaliplatin
Leucovorin
Irinotecan
5-Fluorouracil
Surgical treatment
Radiotherapy
5-Fluorouracil
Leucovorin
Irinotecan
Oxaliplatin

Treatment and concurrent
Antiangiogenic agents
medications

Non-small-cell
lung cancer

Metastatic
non-small-cell
lung cancer

Metastatic rectal
cancer

Metastatic
sigmoid colon
cancer

Metastatic colon
cancer

Diagnosis of
cancer

Table 2: Continued.

Extraction
(8 months)

9 months
after starting
bevacizumab

Extraction
(2 weeks)

None

46 weeks after
starting
aflibercept

14 weeks after
starting
aflibercept

None

Periodontal
infection

Trauma

Extraction

32 weeks after
starting
aflibercept

22 weeks
after starting
aflibercept

1.5 months after
starting
bevacizumab
1.5 months after
starting
bevacizumab

Denture

Extraction
(1 month)

3 months
after starting
bevacizumab

3 years
after starting
bevacizumab

None

Predisposing
factors

NA

Time to MRONJ

Amoxicillin
Chlorhexidine
mouthwash
Amoxicillin with
clavulanate
Chlorhexidine
mouthwash
Amoxicillin
Chlorhexidine
mouthwash
Nonsurgical
sequestrectomy

Laser treatment

Conservative treatment
(antibiotic treatment)

—

-

Persistent bone
exposure (2
months)

—

Persistent bone
exposure
(1.5 months)
Persistent bone
exposure (2.5
months)

—

Not specified

Not specified

Complete
mucosal
coverage

—

Complete
mucosal
coverage

—

Definition of
disease
resolution

Persistent bone
exposure

Disease
resolution

Disease
resolution

Disease
resolution (8
weeks)

Surgical treatment
(surgical debridement)
Amoxicillin
Metronidazole
Chlorhexidine
mouthwash 0.12%
Interruption of
bevacizumab
Conservative treatment

NA

Disease
resolution

Surgical treatment
(removal of necrotic
tissue)
Antibiotics

Antibiotics
Chlorhexidine
mouthwash

NA

Outcomes

Surgical treatment
(bone curettage)

Management of MRONJ
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51

Tempia Valenta
et al. [39]

Marino et al.
[40]

Garuti et al. [41]

(23)

(24)

(25)

74

62

(21)

(22)

Fleissig et al. [37] 58

(20)

Melloni et al.
[38]

F

Nicolatou-Galitis
64
et al. [36]

M

F

F

M

F

M

47

Age Sex

(19)

Authors

Zarringhalam et
al. [35]

Number

Metastatic
hepatocellular
carcinoma

Medullary
thyroid cancer

Medullary
thyroid cancer

Metastatic renal
cell cancer

Thyroidectomy
5-Fluorouracil
Dacarbazine
Radiotherapy
Levothyroxine
Calcitriol
Vitamin D3
Duloxetine
Propranolol
Lansoprazole
Loperamide
Furosemide
Potassium canrenoate
Bisoprolol
Allopurinol
Tamsulosin
Hydroxychloroquine
Vitamin D
Sertraline

NA

NA

Sorafenib
400 mg/day

Cabozantinib
(175 mg/day)

Asymptomatic

Asymptomatic

NA

Nonexposed
MRONJ

Bone
exposure

Bone
exposure

Bone
exposure

Jaw pain and
infected lesion to
the cutaneous
side of the jaw

Sunitinib 50 mg/day
for 4 weeks on and
2 weeks off

Cabozantinib

Bone
exposure

Limited mouth
opening,
submandibular
swelling, pain

Sunitinib 50 mg/day
for 4 weeks on and
2 weeks off

Nephrectomy
Thyroxin sodium

Metastatic renal
cell cancer

Jaw pain

Bone
exposure

Clinical
presentation

Bone
exposure

Nephrectomy
T4 replacement therapy
Prednisolone
(50 mg/day)

Metastatic renal
cell cancer

Asymptomatic

Symptoms

Sunitinib
50 mg/day for 4 weeks
on and 2 weeks off (for
4 years)

Aflibercept

Treatment and concurrent
Antiangiogenic agents
medications

None

Metastatic
colorectal,
peritoneum,
liver, and pelvic
cancer

Diagnosis of
cancer

Table 2: Continued.

Mandible

Mandible

Mandible

Mandible

Mandible

Mandible

Mandible

Site of
MRONJ

3 months after
starting
sorafenib

3 months
after starting
cabozantinib

Extraction

6 months
after starting
cabozantinib

None

Extraction due to
dental infection
(3 months)

None

Extraction
(8 months)

Denture

None

Predisposing
factors

5 years
after starting
sunitinib

10 months
after starting
sunitinib

4 years
after starting
sunitinib

4 weeks after
starting
aflibercept

Time to MRONJ

Interruption of sorafenib

Surgical treatment
(segmental ostectomy
and tooth extraction)
Amoxicillin and
clavulanate
Chlorhexidine
mouthwash 0.2%

Amoxicillin
Chlorhexidine
mouthwash
Azithromycin
Interruption of sunitinib
Amoxicillin with
clavulanate (IV)
PenG (IV) for 6 weeks
and oral amoxicillin for
6 weeks
Interruption of sunitinib
Surgical treatment
(surgical
sequestrectomy, ablation
of necrotic bone, and
local flap coverage)
Amoxicillin with
clavulanate
Ofloxacin
Interruption of sunitinib
Surgical treatment
(surgical debridement)
Amoxicillin and
clavulanate
Chlorhexidine
mouthwash 0.2%

Surgical treatment
(smoothen sharp
exposed bone)

Management of MRONJ

Persistent bone
exposure
(3 months)

Disease
resolution

Disease
resolution (22
months)

Disease
resolution (12
months)

Disease
resolution (18
weeks)

Disease
resolution (3
months)

Persistent bone
exposure (12
weeks)

Outcomes

—

Complete
mucosal
coverage

Not specified

Complete
mucosal
coverage

Complete
mucosal
coverage

Complete
mucosal
coverage

—

Definition of
disease
resolution
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M

73

Koch et al. [45] 59

61

53

Agostino et al.
[44]

Santos-Silva et
al. [46]

Pakosch et al.
[47]

Jung [48]

(29)

(30)

(31)

(32)

(33)

62

M

80

Yamamoto
et al. [43]

(28)

F

F

M

F

M

60

Parti et al. [42]

F

(27)

53

Age Sex

Abel Mahedi
Mohamed
et al. [32]

Authors

(26)

Number

Bone
exposure

Jaw pain

Jaw pain

Gingival
bleeding and
sore gum

(1) Bevacizumab
10 mg/kg every 2 weeks
(2) Temsirolimus
25 mg every week

(1) Bevacizumab
(2) Sorafenib

(1) Pazopanib
(2) Everolimus

Nephrectomy
Hydrochlorothiazide
Captopril

Surgical treatment
Gemcitabine
Leucovorin
5-Fluorouracil
Oxaliplatin
Paclitaxel
Erlotinib

Metastatic renal
cell cancer

Renal cell cancer

Pancreatic
cancer

Metastatic renal
cell cancer

Nephrectomy

Bone
exposure

Asymptomatic

(1) Sorafenib
(2) Sunitinib
50 mg/day for
4 weeks and then
sunitinib
37.5 mg/day

Nephrectomy
Interferon
Vinblastine
Ramipril
Hydrochlorothiazide
Metoprolol
I-Thyroxin

Bone
exposure

Bone
exposure

NA

NA

Metastatic breast
cancer

Nephrectomy

Bone
exposure

Bone
exposure

Metastatic renal
cell cancer

NA

Temsirolimus
25 mg every week

Bone
exposure

Clinical
presentation

(1) Sunitinib
50 mg/day for 4 weeks
of 6-week cycle
(2) Temsirolimus
25 mg every week
(3) Bevacizumab
10 mg/kg every two
weeks

Pain

Dasatinib

Symptoms

Jaw pain,
localised heat,
tenderness

Capecitabine
Tamoxifen
Fulvestrant
Exemestane

Nephrectomy
Prostatectomy

Corticosteroids

Treatment and concurrent
Antiangiogenic agents
medications

Everolimus

Metastatic renal
cell cancer

Acute
lymphoblastic
leukemia

Diagnosis of
cancer

Table 2: Continued.

Mandible

Mandible

Mandible

Mandible

NA

Mandible

Mandible

Mandible

Site of
MRONJ

7 weeks after
starting
everolimus

Dental implant

Denture

None

55 weeks
after starting
bevacizumab
and
temsirolimus

4 months
after starting
bevacizumab
and sorafenib

Extraction
(2 months)

NA

None

Extraction
(3 months)

Extraction

Predisposing
factors

51 months
after starting
sunitinib

12 months
after starting
bevacizumab

2 months after
starting
everolimus

3 months
after starting
temsirolimus

5 months after
starting
dasatinib

Time to MRONJ

Chlorhexidine
mouthwash 0.12%
Interruption of
bevacizumab and
temsirolimus
Surgical treatment
(decortication),
Amoxicillin with
clavulanate
Chlorhexidine
mouthwash
Solcoseryl
Interruption of
bevacizumab and
chemotherapy
Cephalosporin
Surgical treatment
(sequestrectomy and
internal fixation)

Surgical treatment
(ablation of necrosis and
local flap coverage)

Interruption of
bevacizumab

Interruption of
everolimus

Interruption of
temsirolimus

Surgical treatment
(block resection)

Management of MRONJ

Disease
resolution

Disease
resolution (2
months)

Disease
resolution (3
months)

Disease
resolution

NA

Persistent bone
exposure (2
months)

NA

Disease
resolution

Outcomes

Complete
mucosal
coverage

Complete
mucosal
coverage

The absence of
exposed necrotic
bone

Complete
mucosal
coverage

—

—

—

Not specified

Definition of
disease
resolution
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Abel Mahedi
Mohamed
et al. [32]

(35)

NA: not available.

67

Metastatic renal
cell cancer

Diagnosis of
cancer

M Renal cell cancer

M

Age Sex

Patel et al. [49]

Authors

(34)

Number

Corticosteroids

Nivolumab
Amlodipine
Ramipril
Levetiracetam
Dexamethasone
Lansoprazole
Morphine
Metoclopramide
Amiodarone
Cholecalciferol

(1) Sunitinib
(2) Everolimus

(1) Pazopanib
(2) Axitinib

Treatment and concurrent
Antiangiogenic agents
medications

Asymptomatic

Asymptomatic

Symptoms

Bone
exposure

Bone
exposure

Clinical
presentation

Table 2: Continued.

Mandible

Maxilla

Site of
MRONJ

None

Extraction

10 months after
starting
sunitinib,
everolimus was
commenced

Predisposing
factors

1 months after
starting axitinib

Time to MRONJ

Conservative treatment

Hydrogen peroxide
mouthwash

Management of MRONJ

Persistent bone
exposure

NA

Outcomes

—

—

Definition of
disease
resolution
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Table 3: Summary of data of reported cases of antiangiogenicrelated MRONJ (𝑛 = 35).
Age (years, range)
59.06 (33–80)
Mean
Gender (𝑛, %)
19 (54.29%)
Male
14
(40.00%)
Female
2
(5.71%)
NA
Diagnosis of cancers (𝑛, %)
10 (28.57%)
Metastatic renal cell cancer
6 (17.14%)
Metastatic colorectal cancer
5 (14.29%)
Metastatic breast cancer
14 (40.00%)
Other cancers
4
Metastatic non-small-cell lung cancer
2
Glioblastoma multiforme
2
Medullary thyroid cancer
1
Malignant parotid tumour
1
Pancreatic cancer
1
Metastatic hepatocellular carcinoma
1
Metastatic carcinoid cancer
1
Metastatic oesophageal cancer
Presenting complaints (𝑛, %)
12 (34.29%)
Jaw pain
6 (17.14%)
Jaw pain with other complaints
8 (22.86%)
Asymptomatic
1 (2.86%)
Jaw discomfort
1 (2.86%)
Spontaneous teeth loss
Limited mouth opening and
1 (2.86%)
submandibular area swelling
1 (2.86%)
Gingival bleeding
5 (14.29%)
NA
Clinical presentation (𝑛, %)
32 (91.43%)
Bone exposure MRONJ
3 (8.57%)
Nonexposed MRONJ
Location
29 (82.86%)
Mandible
4 (11.43%)
Maxilla
2 (6.67%)
NA
Types of antiangiogenic agents (𝑛, %)
14 (40%)
Bevacizumab
5 (14.29%)
Aflibercept
3 (8.57%)
Sunitinib
2 (5.71%)
Cabozantinib
1
(2.86%)
Sorafenib
1
(2.86%)
Temsirolimus
1
(2.86%)
Everolimus
1
(2.86%)
Dasatinib
7 (20.00%)
Multiple antiangiogenic agents
Route of antiangiogenic administrations (𝑛, %)
21 (60.00%)
Intravenous administration
12 (34.29%)
Oral administration
Combination of intravenous administration
2 (5.71%)
and oral administration
Time to MRONJ (months, 95% CI)
6.49 (2.67–10.30)
Intravenous antiangiogenics
16.72 (2.59–30.84)
Oral antiangiogenics

BioMed Research International
Table 3: Continued.
Predisposing factors (𝑛, %)
Extraction
Periodontal disease
Minor trauma from use of denture
Dental implant
Mean time to MRONJ after extraction
(months, 95% CI)
Management of MRONJ (𝑛, %)
Surgical treatment
Minimally invasive surgical procedures
Major surgical procedures
Nonsurgical treatment
No treatment
NA
Treatment outcomes (𝑛, %)
Disease resolution
Mean time to resolution (months, 95% CI)
Incomplete resolution
NA

13 (37.14%)
3 (8.57%)
4 (11.43%)
1 (2.86%)
3.09 (0.40–5.77)

17 (48.57%)
11
6
16 (45.71%)
1 (2.86%)
1 (2.86%)
18 (62.06%)
6.75 (0.90–12.59)
11 (37.93%)
6

NA: not available.

MRONJ onset in those treated with antiresorptive drugs. The
mean time to event for intravenous and oral antiangiogenic
agents in this study was 6.5 and 16.71 months, respectively,
while it was reported to be approximately 1.8 and 3 years for
bisphosphonate therapy [12, 57].
Patients with metastatic malignancy may receive a number of anticancer drugs simultaneously. In this review, we
found that seven of the reported cases received more than
one antiangiogenic agent in their treatment history [32, 44–
49]. Of these patients, some were given different antiangiogenics at the same time, while others received these agents
at different time points. The development of MRONJ is
usually associated with the latest antiangiogenic agent used
by the patient; however, one cannot exclude the fact that the
antiangiogenic agents previously used by these patients might
have contributed to it.
We included in this review two cases of MRONJ associated with new TKIs, namely, pazopanib in combination
with axitinib (𝑛 = 1) and dasatinib (𝑛 = 1) [32, 49].
According to the Food and Drug Administration’s Adverse
Event Reporting System (FAERS), pazopanib and axitinib
have been associated with the development of MRONJ in 10
and 9 individuals, respectively; however, as data regarding
concurrent or previous medication were not available in
FAERS documentation [58], it is difficult to conclude whether
these individuals were indeed antiresorptive drugs-naı̈ve.
Therefore, we decided not to include these 19 cases in our
review.
With regard to the management of MRONJ, approximately half of the individuals with MRONJ associated with
antiangiogenics (48.57%) were managed surgically, which is
similar to those with bisphosphonate-related MRONJ [11, 52].
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However, the prognosis of antiangiogenic-related MRONJ
appears to be better than that of individuals developing
MRONJ associated with antiresorptive agents. We observed
a 62% rate of disease resolution in those where outcomes
were reported as opposed to approximately 50% reported
in the literature for MRONJ associated with antiresorptive
agents [56, 59, 60]. It is possible that the higher rate of disease
resolution might be related to the shorter half-life of antiangiogenics [61, 62], as well as the lower cumulative dosages
[63]. Moreover, the average time to resolution for MRONJ
associated with antiangiogenics appears to be shorter than
antiresorptive drugs-induced MRONJ (6.75 months, range:
1.84–22 months versus 8.2 months, range: 0.2–25.6 months)
[55].
In this comprehensive review, we excluded a number of
potential antiangiogenic-related MRONJ cases due to a lack
of adequate clinical information. For example, the 2012 report
on aflibercept by the US Food and Drug Administration
(FDA) described 3 aflibercept-treated bisphosphonate-naı̈ve
patients who developed MRONJ; however, none of these
patients were added to the present review as one had jaw
bone exposure for less than 8 weeks and no information
was provided for the other two cases [64]. Furthermore, in
a pivotal BOLERO-2 trial, MRONJ has been described in 2
patients in the experimental arm (everolimus-exemestane)
and 1 patient in the control arm (exemestane), with one
of three patients to receive bisphosphonate treatment [65].
However, there was no evidence to show whether the
patient with a history of bisphosphonate treatment was
in the experimental arm or control arm. More recently,
Antonuzzo et al. [66] reported the first case with MRONJ
potentially associated with regorafenib, one of the tyrosine
kinase inhibitors, in an antiresorptive drugs-naı̈ve individual.
Although MRONJ appeared 22 months after regorafenib
treatment, Fusco et al. [67] have noted that some details
such as the use of other medications prior to regorafenib
treatment, dosing, and the time on medication are still
missing. This medication is usually used as a third or further
line of treatment of metastatic colorectal cancer. Therefore,
it is also worth knowing whether this patient has received
other well-documented antiangiogenic medications such as
bevacizumab and aflibercept prior to regorafenib. If this is the
case, bevacizumab or aflibercept possibly might contribute
to the development of MRONJ rather than regorafenib
alone. Another patient with gastrointestinal stromal tumours
(GISTs) receiving imatinib monotherapy presented with pain
and exposed bone at lower right mandible after having the
tooth removed for 5 weeks. The patient was treated with
debridement of necrotic bone and antibiotic and then was
discharged. Unfortunately, there was no further information
about this patient [68]. The duration of persistent bone
exposure in this case was not mentioned if it was longer than
8 weeks. Therefore, available data seems not to be enough to
classify this case as MRONJ according to the definition of
MRONJ [1] and to confirm the association between MRONJ
and imatinib. In addition to the above reported cases, Hopp
et al. [69] reported one patient with necrotic bone exposure
after the 2-year intravitreal injections of bevacizumab for
treatment of retinal vascular thrombosis without notable
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dental risk factors or use of bisphosphonates. After the patient
experienced pain to the mandible, the lesion was completely
healed by antibiotics treatment within 8 weeks. Therefore, this
case seems not to be correlated with the definition of MRONJ
formulated by the AAOMS in 2014 [1].
It is important to highlight that another case of oral
soft tissues complication associated with bevacizumab was
also reported by Magremanne et al. [70]. Although this case
was included in previous reviews regarding cases of MRONJ
associated with antiangiogenic agents, there was no evidence
of osteonecrosis of the jaw and also the necrotic area seemed
to be limited only to oral soft tissues. This reported case does
not meet the definition of MRONJ and hence it was excluded
from this review.

5. Conclusion
There remains incomplete information regarding the cases
of antiangiogenic-related MRONJ in antiresorptive-naı̈ve
individuals reported in the literature. It is therefore difficult
to draw any conclusion regarding the epidemiology and the
characteristics of MRONJ in this patient population. Within
the limitation of available data, we have identified a number of
differences between MRONJ associated with antiangiogenics
and MRONJ related to antiresorptive drugs including demographic characteristics, prevalence, the underlying malignant
disease, time to the onset, and time to resolution. Considering
that the list of antiangiogenic inhibitors that have potential
to increase the risk of MRONJ development is increasing,
further prospective and well-designed research is warranted
to confirm our findings and increase knowledge and understanding of the disease.
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