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Abstract: Medication-related osteonecrosis of the jaw (MRONJ) is a severe adverse drug reaction, including of bone
destruction in the jaws. Osteonecrosis of the jaws can be caused by two pharmacological agents: antiresorptive
(including bisphosphonates (BPs) and receptor activator of nuclear factor kappa-B ligand [RANK-L] inhibitors) and
antiangiogenic. Among the drugs associated with the development of MRONJ, BPs are the most widely used for a
wide variety of clinical indications. Bisphosphonates are used in bone metabolism-related diseases such as Paget'’s
disease, fibrous dysplasia, osteogenesis imperfecta, but mainly in lung, prostate, breast carcinomas, multiple myeloma
and osteoporosis. The effect of the drug depends on the dose and duration of administration. Epidemiological studies
showed that long-term use of these drugs may increase the risk of MRONJ development. The purpose of this
review is to define the current information about MRONJ, the management strategies and preventive measures.
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1. Introduction

Medication-related osteonecrosis of the jaw (MRONJ) can occur after exposure to antiresorptive agents
including bisphosphonates or denosumab, or angiogenesis inhibitors to avoid bone complications (Khan
et al, 2015).

MRONJ is more common among patients receiving high cumulative doses of bisphosphonates or
denosumab than in patients receiving lower doses (de Boissieu et al,, 2017; Khan et al., 2017). MRONJ was
first reported in 2003 by Marx who reported 36 patients have a history of treatment with bisphosphonates
and painful bone exposure in the mandible and maxilla (Marx, 2003). After establishing an relationship
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between MRONJ and bisphosphonate treatment, cases related to denosumab treatment began to emerge
in 2010 (Aghaloo et al., 2010; Taylor et al., 2010).

The pathogenesis of MRONJ may be multifactorial and have an association between local trauma/infection
and reduced bone turnover after exposure to antiresorptive agents (Nicolatou-Galitis et al., 2019).

Furthermore MRONJ is also related with anticancer agents, including angiogenesis inhibitors, classic
chemotherapy agents, tyrosine kinase inhibitors (TKIs), immunotherapeutic agents, and inhibitors of
mammalian target of rapamycin (Nicolatou-Galitis et al., 2019).

The purpose of this review is to define the current information about MRONJ, the management strategies
and preventive measures.

2. Molecular Mechanisms Regarding Osteochemonecrosis

The anticancer agents used in conventional treatment are not selective for tumor cells and other tissues
(Greish, 2007). Therefore, all chemotherapeutic agents have side effects on normal tissues and organs
(Leaf, 2004). To understand MRONJ physiopathology, the molecular mechanisms that are responsible for
bone formation and remodeling in this process should be known.

The capillaries consisting of arterioles and venules have a regular and functional structure (Jain, 2003).
Tumor vessels are generally composed of endothelial cells that are unordered, damaged and have wide
lumens and in particular have impaired receptor function against angiotensin Il, vasoactive mediators
(Hashizume et al., 2000; Yuan et al., 1995). In addition, because of increased production of vascular
permeability enhancing factors such as bradykinin, nitric oxide, vascular growth factors and prostaglandins,
the transition of macromolecular drugs to tumor tissue is easier compared to normal tissues (Eskiizmir
et al, 2017; Wu et al., 1998).

All these factors increase the passage through the tumor capillary and cause selective delivery of nano-
sized macromolecular drugs to tumor tissues (Alberto et al,, 2001; Kopecek et al., 2001). In addition, low
lymphatic fluid flow in tumor tissue increases prolonged effect of the drug in tumor tissue. This effect is
called enhanced permeability and retention effect (EPR) (Matsumura and Maeda, 1986).

Because of the abnormal structure and function of blood and lymph vessels around the tumor, an increase
in fluid pressure between tissues is observed (Fukumura and Jain, 2007). As the selectivity of the tumor
vessels decreases, permeability increases and hypoxia and acidosis occur in the tumors due to their
abnormal metabolic environment (Harris, 2002; Tatum et al., 2006). Hypovascular regions are formed
within the tissue due to unstable development of vessels and excessive proliferation of tumor cells.
Chronic hypoxia is also seen in areas that are far from the blood vessels. Because of the lactic and carbonic
acids formed as a result of anaerobic glycolysis, pH of the tumor environment is very low (Fukumura and
Jain, 2007). Oxygen pressure and pH values affect tumor growth, metabolism and responses to various
treatments. These two properties increase the effect of angiogenic factors and cause the tumor growth
and metastasis (Fukumura and Jain, 2007).
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The main purpose of cancer treatment is to destroy the cancer cell without affecting normal tissues. This
can only be achieved by selectively targeting the cancer cell. The features in tumor targeting; increasing the
localization of the drug in the tumor by active or passive targeting, decreasing the localization in untargeted
cells, minimizing drug leakage from the transition regions, preserving the drug from disintegration,
keeping the drug in the targeted area for the certain period of time, facilitating the intracellular uptake
and biocompatible and biodegradable of the delivery system components (Lammers et al., 2008).

The conventional, biotechnological and gene-based drugs can be selectively transported to specific areas
of the body such as organs, tissues and cells by targeting drugs (Erdogan M. A, 2019). Passive targeting
is the natural targeting of the carrier after intravenous injection. Active targeting is magnetic targeting,
ultrasonic targeting, and ligand-receptor mediated targeting (Kas and Eldem, 2002).

Oncogenic mutations targeting signaling pathways and signaling proteins that control the proliferation
and/or survival functions in normal cells are common. Changes in signal transduction eliminate the
control of cell proliferation and/or survival functions. Therefore, the oncogenic signal transduction plays
an important role in the invasion/metastasis process on tumor development. Protein kinases enable
protein phosphorylation/activation during signal transduction. Protein kinases are divided into two main
groups: membrane located and cytoplasmic located. Protein kinases located in the membrane are called
receptor tyrosine kinases (RTK). RTKs contain the tyrosine kinase domain, responsible for activation, in the
cytoplasmic portions. These receptors become active after binding with growth factors and interact with
target proteins in the cytoplasm to perform signal transduction (Dogan and Giig, 2004; Fizazi et al., 2010).

The signal transduction is reversible and RTK mediated transmission is controlled under physiological
conditions. In the carcinogenesis process, the continuous and uncontrolled RTK activity is observed.
Cytoplasmic protein kinases include tyrosine kinase inhibitor such as Src, Abl, focal adhesion kinase (FAK),
janus family kinase (JAK) proteins. Similar to membrane tyrosine kinases, the continuous and uncontrolled
activation of cytoplasmic tyrosine kinases and oncogenic signal transduction accelerate malignant
properties such as transformation, tumor growth, matility, invasion, and angiogenesis. Mutations leading
to continuous activation of protein kinases and over-expression of protein kinases can lead to oncogenic
transformation (Dogan and Giig, 2004; Fizazi et al., 2010).

The inhibition of RTK signaling is important in cancer treatment. Two different types of compounds are
used to inhibit RTK signaling. The first is tyrosine kinase inhibition (TKI) with small molecular weight
agents and the other is monoclonal antibodies (mAb). Although RTK signal is inhibited in both ways,
there are also different target epitopes (the region on antigen molecule that bind specific receptors
on the antibody or sensitive lymphocyte, which determines the specificity of antibody or lymphocyte)
and activation mechanisms. TKIs bind competitively to the ATP binding site in the catalytic part of the
receptor and inhibit both autophosphorylation and intracellular signal transduction. These agents can
be displaced between plasma membranes and interact with cytoplasmic fragments of cell surface
receptors and intracellular signaling molecules. mAbs can only act on the molecules expressed
or secreted on the cell surface. They do not have the ability to pass through the cell membrane
(Macfarlane and Chi, 2010).
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Monoclonal antibodies are the most widely accepted and approved therapy in the cancer
immunotherapy methods (Waldmann, 2003). Nowadays, the main antibodies produced as drugs
are monoclonal antibodies such as trastuzumab, cetuximab, bevacizumab, alemtuzumab,
rituximab. They target mainly breast cancer, colon cancer and various blood cancers. They target
cancer-promoting growth factors such as vascular endothelial growth factor (VEGF), epidermal
growth factor receptor (EGFR), human epidermal growth factor receptor 2 (HER2), or antigens
specifically produced in cancer cells such as CD52 and CD20. Ipilimumab prevents the immune
system inhibition by blocking the cytotoxic T lymphocyte antigen -4 (CTLA-4) antigen (Hodi et al.,
2010; Hurwitz et al., 2004; Keating et al., 2002; Reff at al, 1994; Waldmann, 2003).

The epidermal growth factor receptor (EGFR) is an overexpressed tyrosine kinase receptor in many
types of cancer such as breast, ovary, colorectal and head and neck cancer. It is involved in cancer cell
proliferation, tumor growth, angiogenesis and metastasis. Cetuximab is a monoclonal antibody targeting
EGF and clinically approved for cancer immunotherapy (Hamid, 2004).

Human epidermal growth factor receptor 2 (HER2) is a tyrosine kinase receptor and growth factor and
belongs to the same family as EGFR. HER-2 is expressed as a growth factor abnormally high in 25-30%
of breast cancers. In breast cancer with increased HER-2 expression, the disease is more aggressive and
shorter survival is observed in women (Press et al.,, 1993; Ravdin and Chamness, 1995; Seshadri et al,
1993). Trastuzumab is an IgG1 isotype monoclonal antibody that binds to HER-2. It inhibits the signaling
pathways in cancer cells by binding to HER-2 (Slamon et al., 2001).

CD20 is a differentiation antigen found in normal and malignant B cells but notin precursor B cells
(Chamuleau et al., 2010). Rituximab is an IgG1 isotype chimeric monoclonal antibody directed against
the CD20 antigen. This antibody has been shown to be effective in the treatment of B cell non-Hodgkin
lymphomas (Maloney et al., 1997).

CD52 is a differentiation antigen found in all ymphocytes and has been associated with some lymphomas
(Buggins et al., 2002; Piccaluga et al., 2007; Ratzinger et al., 2003). Alemtuzumab is an IgG1 isotype
monoclonal antibody directed against the CD52 and clinically approved for the treatment of B cell
leukemia (Riechmann et al., 1988).

CTLA-4 (cytotoxic T lymphocyte antigen4) is expressed in the membrane of helper T cells and involved in
transmitting inhibitory signals to T cells. Therefore, it attempts to prevent the inhibition and suppression
of the immune system. It has provided high survival rates in advanced melanoma patients compared to
normal treatment with ipilumumab (Beck et al., 2006).

One of the most important factors in the formation of new vessels is VEGF. Serum VEGF levels were
increased in the majority of patients with metastatic cancer (Kraft et al., 1999). Bevacizumab is an IgG1
isotype monoclonal antibody that targets VEGF. This antibody inhibits angiogenesis by binding to VEGF
(Los et al., 2007). Bevacizumab is approved for clinical use in metastatic colorectal cancer and non-small
cell lung cancer, since it significantly improves survival rate when combined with chemotherapy in patients
with metastatic colorectal cancer (Hurwitz et al., 2004).
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There are more monoclonal antibodies used in the treatment of cancer. There are various side effects such
as fatigue, fever, headache and muscle pain, difficulty in breathing, hypertension, hypothyroidism, dry skin
and coloration, hair color change, mild erythema and hyperkeratosis, symmetrical painful, erythematous
and swollen areas and petechial hemorrhages, hyperglycemia, hyperlipidemia, stomatitis and pneumonia,
hepatotoxicity, arrhythmias (Elloumi et al., 2012; Sakalar et al.,, 2013).

One of the proteins controlling physiological and pathological bone resorption is the receptor activator
nuclear kappa B (RANK) that is found in osteoclasts and cause bone destruction by stimulated with RANK
ligand (RANKL). Bone mass is determined by the coexistence of osteoblasts and osteoclasts. Denosumab
has a negative effect on osteoblast formation and function by decreasing the effect of RANK molecules on
osteoclasts in bone metastases of prostate cancer (Demirkazik and Ozal, 2010; Henry et al., 2009; Rosella
et al.,, 2016). Unlike bisphosphonates, it is not nephrotoxic, therefore it is thought to be an alternative to
zoledronic acid in patients with bone metastases with renal dysfunction. Recent studies of breast and
prostate cancer with bone metastases have shown superiority to zoledronic acid in preventing and delaying
skeletal-related events. It has also been shown to reduce metastatic bone pain, like zoledronate (Henry
et al., 2009). Also the mucosal and bone changes of jaws may be occurred by this group medication, but
as an important feature, frequent improvements and frequent recurrences are common (Ozbayrak and
Pekiner, 2016).

3. Bisphosphonate Related Osteonecrosis of the Jaw

Bisphosphonates are structural anologues of endogenous non-metabolized inorganic pyrophosphonates
that regulate the bone mineralization and are drugs that inhibit osteoclastic function. In the healthy bone,
osteoblastic bone formation occurs by osteoblast migration to the osteoclastic resorption site (remodeling
mechanism). These two functions are essential for the repair of physiological disturbances. Bisphosphonate
group drugs easily bind to hydroxyapatite crystals at remodeling sites. They are released from this area
and absorbed by osteoclasts. The bisphosphonate inhibits the synthesis of farnesyldiphosphonate, a key
enzyme of the mevalonate pathway that produces cholesterol within the cell, so the surface properties
required for osteoclast to bone resorption. Therefore, the osteoclastic activity and new bone formation is
suppressed due to this. This group of drugs also delays the wound healing and tissue repair by inhibiting
vascular formation with its antiangiogenic properties (Dumlu et al., 2011; Pekiner, 2014).

High doses of bisphosphonates are used to prevent tumor invasion by causing cytotoxic effect on
osteoblasts, apoptosis of tumoral cells. While the half-life of bisphosphonates in the bloodstream is 30-120
minutes, the unmetabolized bisphosphonate in the bone can remain for up to 10 years. It is known from
the in vitro studies that bisphosphonates disrupt endothelial cell proliferation, adhesion and migration.
When the active substance reaches a sufficient concentration in the bone, they also create toxic effects
on the soft tissue covering the bone surface and inhibit the epithelial cell proliferation (Ozbayrak and
Pekiner, 2016).

The effect of the drug depends on the dose and duration of administration. Since bisphosphonates
increase bone mineral density, they are widely used by oral administration for the prophylaxis of bone




fractures related with osteoporosis. 10 mg/day per oral administration increases the probability necrosis
within 4 years. Once a month intravenous administration used, the probability of necrosis increases within
2 years (Ozbayrak and Pekiner, 2016).

Bisphosphonates are used in bone metabolism-related diseases such as Paget’s disease, fibrous dysplasia,
osteogenesis imperfecta, ankylosing spondylitis, but mainly in lung, prostate, breast carcinomas, multiple
myeloma and other malign tumors (Ozbayrak, 2017).

Bisphosphonate used before the eruption period may cause dental retention due to the deterioration of
osteoclastic activity in the eruption pathway. Gastrointestinal intolerance and esophageal ulcers may be
occured in oral administration of the preparation, influenza-like symptoms such as fever, myalgia, arthralgia,
nausea, vomiting, as well as uveitis-scleritis and renal failure may be occured with i.v. administration
(Ozbayrak and Pekiner, 2016).

Bisphosphonate group drugs are divided into two main subgroups;

Nitrogen-containing bisphosphonates (aminobiphosphonates); there are long R2 chains containing
nitrogen. Their effects are 100-2000 times stronger than those that do not contain nitrogen (alendronate,
risedronate, pamidronate, ibandronate, zoledronic acid) (Marx, 2011).

Nitrogen-free bisphosphonates; known as first generation bisphosphonates. R2 chains are short. When
they reach bone tissue, they are captured by osteoclasts and converted into toxic analogs of adenine
triphosphate in the cell and show their effect by this way. They are metabolised very quickly in the body
(etidronate, tiludronate, clodronate) (Marx, 2011).

The chemical difference prevents the bisphosphonates from hydrolyzing in acidic environment and
allows them to remain in the tissues for longer. The carbon at the center of the bisphosphonates binds
to hydroxyapatite in bone, and the peripheral chains (R1, R2) are variable. The major chain responsible
for the antiresorptive mechanism is R2 chain, the nitrogen group (Ozbayrak and Pekiner, 2016).

Due to the rapid metabolic functioning and high turnover of the jaw bones and the deterioration of this
cycle related the effect of the drug, the bone/mucosal necrosis occurs to a large extent in the jaws. The
remodeling rate of the alveolar bone is 10 times higher than the femur and tibia. Osteonecrosis is common
more frequently in the jaw bones because the jaw bones are frequently exposed trauma such as prosthesis,
so the integrity of the fine periosteum and mucosa easily deteriorates and allows microorganisms to
settle (Marx, 2011). 1/3 of the cases occur in the maxilla and 2/3 of the cases occur in the mandible. Up
to 5% of cases can involve both jaws. In addition, while 25% of the cases occur spontaneously, 75% have
related with a dental procedure (Ozbayrak and Pekiner, 2016).

A wide variety of potential risk factors for the development of osteonecrosis is divided into two, locally
and systemically (Nicolatou-Galitis et al., 2019) (Table 1).

Osteonecrosis lesions are clinically asymptomatic or or in some cases blunt pain but usually severe pain
(70%) is observed. Paresthesia may also develop according to localization of lesion (Figure 1-3). In addition,
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osteomyelitis, sequestration, trismus, halitosis, extra/intraoral fistula, anesthesia, actinomyces and many
other microorganism-related infections, mobility of adjacent teeth may be detected (Font et al., 2008).

Table 1. Risk factors for the development of osteonecrosis of the jaw

Local risk factors Systemic risk factors

Tooth extraction Use of corticosteroids
Surgical procedures Immunosuppressive therapy
Subgingival curettage Anemia

ill-fitting dentures Diabetes mellitus

Dental / periodontal infection Smoking

Irritation of the apical periodontium

Poor oral hygiene

Figure 1. (a) Clinical and radiological view of bone necrosis around the teeth 27 after 10 months administration of i.v
zoledronic acid in breast cancer (b) Diffuse bone necrosis in the clinical and radiological image of the same patient
resembling periodontal abscess in teeth region 34-35.




Figure 2. The oro-nasal communication with perforation of the soft tissue and large necrotic area of the palatinal
bone in a patient using zoledronic acid for breast cancer.

Figure 3. The large sequester due to i.v. zoledronic acid administration once a month for 2 years in the breast cancer.

Radiological findings are not initially specific. Initially, the periodontal ligament space widening, as the
lesion progresses large radiolucent areas, spontaneous fracture, increase in bone mineral density, change
in bone formation, erosion in cortical bone, new bone formation in periostal bone and sequester may be
observed (Ozbayrak and Pekiner, 2016) (Figure 4 and 5).
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Figure 4. The necrotic bone due to zoledronic acid administration in the multiple myelom and the sequester separated
clearly from intact bone on OPTG and axial CT scan.

Figure 5. (a)The necrotic bone related i.v. zoledronic acid administration in patient with breast cancer. (b) Extraoral
sinus tract of infection (c) Multiple involvement on scintigraphic examination with Tc—99.




In patients with bisphosphonates related osteonecrosis, first of all, medical treatment should be started
in order to relieve the pain, control the infection in soft and hard tissues and stop the progression
of the disease. Antibiotics (penicillin, second generation cephalosporins, macrolides), chlorhexidine
mouthwashes as antiseptically should be used to prevent the development of secondary infection
and the wound should be washed regularly with serum. The general approach should be to wait for
the spontaneous sequestration of the necrotic bone with antibiotic protection without the mechanical
intervention (Dogan et al., 2009).

Antifungal treatment should be performed when necessary. Dental treatments such as tooth extraction,
surgical procedures and soft tissue interventions including curettage should be avoided. If surgical
procedures are required, the vasoconstrictor-free anesthetic should be used and the serum carboxy-
terminal telopeptide (CTX), a bone turn-over marker, should be checked to determine the risk of
osteonecrosis. If the serum CTX value is 150 pg/ml or more, there is a minimal risk of osteonecrosis,
levels of 100-150 pg/ml indicate a moderate risk, while levels of less than 100 pg/ml a high risk. It is
necessary to contact the oncologist to discontinue the bisphosphonate (drug holiday) at least three
months before the surgical procedure. At the first examination and three months later it is necessary
to measure the CTX. Values lower than 150 pg/ml would advise against surgical procedures and an
interruption prolonged for another three months (Dogan et al., 2009). However, recent studies have
suggested that this marker is not very safe.

4. Approach to Bisphosphonate Related Osteonecrosis

The treatment of osteonecrosis related bisphosphonate-derived drugs depends on the amount of
the necrosis bone, whether the infection reaches the cortical part of the bone or the medulla layer. In
oncologic patients, whether the systemic condition is suitable for the operation and the disease staging
is also important (Ozbayrak and Pekiner, 2016).

Generally, the small exposed areas can be removed with bone file after oral mouthwash and antibiotic use,
and then the soft tissue can be expected to be healed. In total osteonecrosis of the alveolar process, only
the resection of the alveolar process, called marginal mandibulectomy/maxillectomy or alveolectomy, may
be sufficient. In marginal resections, the necrosis bone is removed until reaches the underlying bleeding
living medullar bone and antibiotic treatment is applied. In determining this border, it is advantageous to
distinguish the accumulation of pre-operative systemic tetracycline in the intact part of the vessel using
the optic device that uses blue light with a 400-460 nm wavelength in order to prevent unnecessary tissue
loss (Figure 6). Partial mandibulectomy is performed for infections affecting the entire segment of the
mandible. Following the resection of the jaw, a reconstruction plate is placed at the defect to maintain
mandible function (Ozbayrak and Pekiner, 2016).



JOURNAL OF HEALTH SCIENCES
A. J. Health Sci.

Figure 6. The osteonecrosis in patient using zoledronic acid with the diagnosis of prostate cancer and pelvic metastasis.
The view of sequester via the optic device that uses blue light with 400-460 nm wavelength (Velscope) and intraoral
view (The blue-green color of the light gradually decreases in cancerous tissues).

Especially in advanced oncologic patients, the operation may be contraindicated and it would be appropriate
to approach with local precautions. In general, after the infection is suppressed by using double antibiotic
pressure and chlorhexidine mouthwash, the mucosa can be healed with a conservative approach by
removing the part of the necrotic bone seen in the mouth. Osteo-antral fistula may develop especially
in large osteonecrosis involving maxillary sinus floor. In this case, the maxillary sinus should be isolated
from the oral environment using a palatal plate (Ozbayrak and Pekiner, 2016) (Figure 7).

Figure 7. The oro-antral perforation on the necrotic area extending to the zygomatic crista in a patient using
zoledronic acid for breast cancer.




For patients receiving antiresorptive therapy for longer than 4 years, the position paper 2014 of the
American Association of Oral and Maxillofacial Surgeons (AAOMS) recommended discontinuation of
antiresorptive treatment approximately 2 months prior to invasive dental treatment with preoperative
consultation (Ruggiero et al,, 2014).

The position paper 2017 of the Japanese Allied Committee on osteonecrosis of the jaw proposes that without
discontinuation of bisphosphonates dentists can begin conservative dental treatment. According to their
proposal, invasive dental procedures such as tooth extraction can be conducted without discontinuation
of antiresorptive treatment following extensive infection control, administration of antibacterial agents
in advance and restriction of surgical area (Yoneda et al., 2017). However, no consensus has yet been
reached regarding whether bisphosphonates drug holiday before invasive dental treatment is necessary
for prevention of MRONJ (Yoneda et al.,, 2017).

Conclusion

« Good cooperation among physicians, dentists, oncologists, oral and maxillofacial surgens and other
healthcare professionals is required to reduce the risk of MRONJ.

- It is important for dentists to be aware of the patients at the risk of this condition.

« The patients should always be carefully examined by a dentist prior to the start of biphosphonates or
denosumab or other anticancer agents to remove any focal infection or risk factors.

« For the patients at the risk of this condition, infection control before invasive dental treatments reduces
or prevents the occurrence of MRONL.
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