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1. Introduction

1. 1. Medication-related osteonecrosis of the jaw

1.1.1. Definition and nomenclature

The medication-related osteonecrosis of the jaw (MRONJ) is a relatively rare side effect
in the maxillofacial region caused by the application of antiresorptive medications and a
certain bone anabolic agent (1).

The main characteristic of the disease is the exposed bone part of the jawbones which
may be associated with inflammatory symptoms. In severe cases, the necrotic bone part
can extend beyond the alveolar ride and can cause oroantral, oronasal and extraoral fistula
or pathologic bone fractures of the lower jaw. The disease diminishes the patients’ quality
of life because of the strong pain in the jawbone region, halitosis, paraesthesia, fistula
discharge, feeding and speech difficulty (1, 2). In severe cases, the MRONJ can give rise
to the loss of the jawbone and even to abscess or phlegmon, which are life-threatening
complications of the disease.

The disease was first described in 2003 by Marx as an avascular necrosis in connection
with the administration of two types of bisphosphonates (3). The American Association
of Oral and Maxillofacial Surgeons (AAOMS) published a position paper in 2007, which
denominated the new disease bisphosphonate-related osteonecrosis of the jaw (BRONJ)
and defined its diagnostic criteria, stages and treatment strategies (4). The American
Society for Bone and Mineral Research used the term bisphosphonate-associated
osteonecrosis of the jaw (BAONJ) for the disease that year (5). Another denomination
was bisphosphonate-induced osteonecrosis of the jaw (BIONJ) used by Marx et al. and
Kelleher et al. in their publications (6, 7). In 2009, the AAOMS updated the position
paper with the clarification of the disease definition and the supplementation with stage
0 of the stage classification (8).

As a result of the research to reduce the adverse effects of bisphosphonates, a new
antiresorptive agent, denosumab, was approved in the treatment of osteoporosis in 2010
(9, 10). That year, Aghallo and his colleagues published a case report about a 65-year-old
woman treated with denosumab exhibiting symptoms of osteonecrosis of the jaw (11).
After that, more and more cases were published that confirmed denosumab’s role in the

development of osteonecrosis of the jaw (ONJ). Some authors used the term denosumab-



related osteonecrosis of the jaw (DRONJ) to differentiate the cases from BRONJ (12). In
2011, the American Dental Association Council on Scientific Affairs, in light of new
knowledge about the disease, extended the diagnostic criteria defined by the AAOMS to
all osteonecrosis of the jaw caused by antiresorptive agents (13). The Council on
Scientific Affairs introduced a new nomenclature for the disease: antiresorptive agent-
induced ONJ (ARONJ) (13).

In 2008, the first case was published about osteonecrosis of the jaw induced by the
angiogenesis inhibitor bevacizumab (14). After that, other cases were reported, but in
most of them angiogenesis inhibitors were combined with antiresorptive agents in the
treatment of the patients (15). Due to angiogenesis inhibitors’ role in the development of
ONJ, some authors named the disease drug-induced osteonecrosis of the jaw (DRONJ),
with the same abbreviation as denosumab-related osteonecrosis of the jaw. (16). In 2014,
the AAOMS updated their position paper for the second time. In the new
recommendation, the definition of the disease was supplemented and the name of the
disease was changed to medication-related osteonecrosis of the jaw (MRON]J) (17). In
2022, the AAOMS published an updated position paper with modified treatment
strategies for MRONJ (1).

1.1.2. Medications

The development of MRONJ is linked to the administration of certain antiresorptive and
bone anabolic agents. Based on the AAOMS recommendation updated in 2022, the three
main types of drugs that can cause MRONIJ are bisphosphonates, denosumab and
romosozumab (1).

Bisphosphonates (BPs) are antiresorptive drugs that are used for the treatment of diseases
that affect bone metabolism. The compound was first synthesised in the middle of the
nineteenth century, and its clinical application was first described in the 1960s (18, 19).
BPs, as their name suggests, contain two phosphate-carbon bounds, the P-C-P bound,
which is the analogue of pyrophosphate (19). Pyrophosphates are natural regulators of
bone mineralisation and can attach to the bone mineral (19). BPs, like pyrophosphates,
can bind to hydroxyapatite (19). BPs affect several types of cells, such as osteocytes,
osteoblast, macrophages, epithelial and also tumor cells, but they predominantly target
osteoclasts (19). BPs bring forth the apoptosis of osteoclasts and inhibit

osteoclastogenesis (19). Two groups of BPs are known based on their structure, nitrogen-



containing and non-nitrogen-containing/simple BPs. Simple and nitrogen-containing BPs
have different intramolecular mechanisms of action. Simple BPs are metabolised
intracellularly to nonhydrolyzable analogues of ATP which inhibit the activity of the
mitochondrial adenine nucleotide translocase (ANT). ANT has a role in the regulation of
apoptosis through permeability transition pores in the mitochondrial membrane (19).
Nitrogen-containing BPs exert their effect by blocking the mevalonate/cholesterol
biosynthetic pathway (19). The main molecular target of nitrogen-containing BPs is FPP
synthetase, but certain agents also inhibit other enzymes of the mevalonate pathway, such
as squalene synthase or geranylgeranyl diphosphate synthase (19). The trammel of FPP
synthetase inhibits the isoprenylation of GTPases, such as Rho, Rab, cdc42 and Rac.
These molecules regulate distinct intracellular signalling pathways that affect osteoclast
function and apoptosis (19). BPs are mainly administered in cases of bone metastasis of
solid tumors, such as breast cancer, prostate cancer, multiple myeloma and serious cases
of osteoporosis (20). These agents are also used in the treatment of rarer diseases, such as
osteogenesis imperfecta, Paget’s disease and fibrous dysplasia (1).

Denosumab (DNB) is also an antiresorptive agent that was developed in the early 2000s
(21). DNB is a human immunoglobulin G2 monoclonal antibody, which can bind to
RANKL (21). RANKL is a central molecule in the regulation of bone remodeling.
Through the RANKL-RANK-OPG pathway, it can influence osteoclast formation,
function and subsist, and therefore bone resorption (21). If DNB is connected to the
RANKL, it prevents the RANKL from binding to its receptor RANK, and thus inhibits
several intramolecular processes that are necessary for the normal function and survival
of osteoclasts, consequently inhibiting bone resorption (21). DNB is used in the treatment
of bone metastasis of solid tumors, postmenopausal osteoporosis with high fracture risk
and unresectable giant cell tumors of bone (21). DNB is applied also to prevent fragility
fractures in patients treated with androgen deprivation therapy or aromatase inhibition
therapy because of prostate or breast cancer (21).

Romosozumab (RMB) is a bone anabolic agent that increases bone formation and inhibits
bone resorption. RMB is a novel monoclonal antibody against sclerostin (22). Sclerostin
interferes with the canonical Wnt — 3 catenin signalling pathway that has a central role in
bone remodeling (22). In the canonical Wnt — 3 catenin signalling pathway, Wnt connects

to the Frizzled family receptor and an LDL-receptor-related protein (LRP) coreceptor
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(LRP-5 or LRP-6 coreceptor) that inhibits axis assemblies and as a result the
phosphorylation of B-catenin (22). Without phosphorylation, 3-catenin transports to the
cell nucleolus and activates the Wnt-responsive genes (22). The activation of Wnt-
responsive genes causes osteoblastogenesis and osteogenesis (22). 3-catenin indirectly
can inhibit osteoclast differentiation and function through the RANK-RANKL-OPG
pathway (22). RMB was accepted in 2019 to treat osteoporosis with a high risk of fragility
fractures (1, 22) .

1.1.3. Pathophysiology

Since MRONJ was first described, the pathophysiology of the disease has been under
research. However, the exact pathomechanisms and their factors are still unclear. The
main, suspected hypotheses in pathophysiology are bone remodeling inhibition,
inflammation and infection, angiogenesis inhibition, soft tissue toxicity, immune
dysfunction and genetic factors (1, 23). It is assumed that the combination of the processes

of several hypotheses plays a role in the development of MRONJ (1, 23).

Bone remodeling inhibition

Bone remodeling inhibition is the main theory in the pathophysiology of MRONJ (1, 23).
Antiresorptive drugs are used to treat bone disease which causes bone remodeling
imbalance. BPs and DNB affect bone remodeling by decreasing the differentiation and
function of osteoclasts and by increasing apoptosis (1, 20). The theory has been confirmed
by animal models and preliminary human research (1, 24). The ever-increasing
knowledge about the pathomechanism of MRONIJ shows that bone remodeling is not only
inhibited by the antiresorptive agents’ effects on osteoclasts. The antiresorptive agents
affect several points and thus modify the complex process of bone remodeling, from
different signal molecules to osteoblasts (25). Wehrhan and his colleagues in their
immunohistochemistry examination found decreased expression of transforming growth
factor 1 (TGF-1B) and Smad -2/3 and increased Galectin-3 staining in BRONJ samples
(25). The TGF-1B has a role in osteoblast differentiation, the RANKL expression in
osteoblasts and bone matrix production (26, 27). BMP-2 modified production also affects
osteoblast differentiation (28).

Inflammation and infection
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The role of inflammation and infection in the pathophysiology of MRONJ has long been
known (26, 29). At the advanced stage of MRONIJ inflammatory symptoms can be
detected, but the healthy bone tissue of the jaw in general resists exposure to oral
microorganisms (29). Therefore, it is unlikely that inflammation and infection play a
unique role in the pathogenesis of MRONIJ. Inflammation and infection together with
other factors can lead to the development of MRONI (1).

Microbiological samples from MRONI lesions have verified the role of infection in the
pathophysiology of MRONIJ (26). The main bacteria species detected in microbiological
cultures are Peptostreptococcus, Streptococcus, Eikenella, Prevotella, Porphyromonas,
Fusobacterium, Bacteroides, Klebsiella, Pseudomonas, Enterococcus, Actinomyces and
Eikella (30, 31). Several studies reported that teeth extraction is one of the most common
initiating factors in the development of MRONIJ (1, 32). Other treatises show that
periapical, periodontal and other inflammatory oral diseases are risk factors for the
development of MRONJ because the inflammation can modulate the osteoclast function

(26).

Angiogenesis inhibition

Angiogenesis and its inhibition may have a role in the pathogenesis of MRONIJ (1, 26).
BPs directly reduce new vessel and arterial formation (1, 26, 33, 34). Several studies
describe diminished vascularity in the bone region and periodontal tissue affected by
MRONIJ (1, 35). The mucosa also shows microvascular abnormalities in MRONJ cases
(35, 36). Based on some studies, the co-administration of antiresorptive and
antiangiogenic drugs increases the chance of the development of MRONJ (37). These
findings show that angiogenesis also plays a role in the pathophysiology of MRONJ, but

this suggestion has not been fully confirmed until now.

Immune dysfunction

Several studies confirm that patients with comorbidities such as diabetes mellitus,
malignancies, rheumatoid arthritis or compromised immune status have a higher risk of
developing MRONI if treated with antiresorptive agents (37, 38). Animal studies also
verify that treatment with immune-compromised agents such as chemotherapy or steroids

combined with antiresorptive therapy increases the chance of developing MRONIJ (39).

Soft tissue toxicity
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Soft tissue toxicity in the pathogenesis of MRONIJ is not generally accepted. However,
some authors specify it as a pathophysiological factor. Their main argument is that the
first sign of developing MRONJ may be mucosal ulceration (26). Some animal studies
confirm this stance. Simon et al. found in their in vitro study that zoledronic acid reduces

the production of extracellular matrix protein of oral gingival fibroblasts (40).

Genetic factors

In the last few years, several studies have been conducted which examined the genetic
predisposition of MRONJ. Most of them examine defined single-nucleotide
polymorphisms (SNPs) of genomic regions that are associated with bone formation,
inflammation and angiogenesis. Several SNPs of genes, such as COL1A1, RANK,
MMP2, OPG, OPN, TGFbl, CYP2C8, VEGF, PPARG and SIRT-1 showed association
with MRONIJ (41-43). One of them, SIRT1 is highlighted in the AAOMS Position Paper
published in 2022 (1). Clarifying the genetic predisposition of MRONJ requires further
investigation, because most of these studies included a small number of patients and

examined different SNPs.

1.1.4. Diagnosis and stages

Diagnosis is based on physical examination, patients’ health history and imaging tests.
AAOMS has defined the diagnostic criteria. The three main diagnostic criteria of MRONJ
based on the AAOMS recommendation last updated in 2022 are listed in Table 1.

Table 1: The diagnostic criteria of MRONJ
Own table based on AAOMS Position Paper Updated in 2022 (1)

Diagnostic criteria of MRONJ
1. | Antiresorptive treatment alone or in combination with immune modulators or
antiangiogenic drugs in patients' anamnesis
2 Exposed bone or bone that can be detected across an intraoral or an extraoral
fistule in the maxillofacial region that has consisted for more than eight weeks
3. | No radiation therapy to the jaws in patients’ anamnesis and the metastatic disease
to the jaws is ruled out

AAOMS has also established the stage classification of the disease. The symptoms and

the clinical and radiographical findings of each stage are shown in Table 2.
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Table 2: Clinical and radiological findings in different stages of MRONJ
Own table based on AAOMS Position Paper updated in 2022 with own photos (1)

Clinical and radiological findings in different stages of MRONJ

Clinical findings

Radiological findings

No clinical evidence of
necrotic bone

Spontaneous tooth
loosing not caused by
chronic periodontal
disease

Intraoral or extraoral
mucosal swelling

Alveolar bone loss or resorption

Changes to the trabecular pattern of
bone

No new bone in extraction sockets

Osteosclerotic regions affect the
alveolar bone and/or the basilar bone.

Thickening of periodontal ligament

Stage 1

Exposed and necrotic
bone or fistula

No signs of
inflammation/infection

Alveolar bone loss or resorption

Changes to the trabecular pattern of
bone

No new bone in extraction sockets

Osteosclerotic regions affect the
alveolar bone and/or the basilar bone.

Thickening of periodontal ligament

Exposed and necrotic
bone or fistula

Signs of
inflammation/infection

Alveolar bone loss or resorption

Changes to the trabecular pattern of
bone

No new bone in extraction sockets

Osteosclerotic regions affect the
alveolar bone and/or the basilar bone.

Thickening of periodontal ligament

Exposed and necrotic
bone or fistula

Signs of
inflammation/infection

One or more of the
following findings:
-Necrotic bone
extending beyond the
alveolar bone
-Pathologic fracture of
mandible

-Extraoral fistula
-Oro-antral/oral-nasal
communication.

Alveolar bone loss or resorption

Changes to the trabecular pattern of
bone

No new bone in extraction sockets

Osteosclerotic regions affect the
alveolar bone and/or the basilar bone.

Thickening of periodontal ligament
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1.1.5. Treatment strategies

MRONIJ can be treated with non-surgical (NST) and surgical (ST) methods. According to
the AAOMS recommendation updated in 2022, the application of both nonoperative and
operative therapies is considered professionally founded and acceptable in each stage of

the disease depending on the patients' factors and surgical judgment (1).

1.1.5.1. Non-surgical therapy

Non-surgical therapies are applied in cases where the patients have serious comorbidities
that do not allow surgical treatment (1). They are also effective in the early stages of
MRONJ and applied in addition to surgical therapy (1). Several publications corroborate
the success of NOT (44, 45).

NST is acceptable in all stages of MRONI but leads to a cure only in very early stages (1,
46). In advanced stages, NST is not effective, it is used to stabilize the disease (1, 47). In
addition to surgical treatment, the different NST therapies are useful (1, 47). The choice
between nonsurgical and surgical therapy is in every case a patient-specific and individual
one, based on the patients’ and the disease factors (1).

Conventional NST consists of local wound care, antimicrobial rinses and removal of well-
formed sequestrum in stage 1. In stage 2 these are combined with systemic antibiotics and
pain control, in stage 3, as an additional measure, the antibiotics may be administered
intravenously (1). Several adjunctive conservative therapies have been tested to enhance
the treatment efficacy of MRONIJ. Numerous publications demonstrate the effectiveness
of these adjunctive therapies in the treatment of MRONJ, but no randomised-controlled
studies and meta-analyses proved this effectiveness (1). Because of this, the last AAOMS
recommendation did not suggest administering these treatments alone, only as additional
therapy (1). These adjunctive treatments include hyperbaric oxygen therapy, ozone
therapy, vitamin E and pentoxifylline administration, teriparatide usage, laser therapy etc

(48).

1.1.5.2. Surgical therapy

Numerous studies demonstrate the high success rate of ST in the treatment of MRONJ
(49-51). According to these publications, the usage of ST improves the outcome and
progression of the disease and ameliorates patients’ quality of life (50, 52). Other benefits

of ST are the mucosal coverage of the earlier exposed/necrotic jaw area and the chance
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to resume antiresorptive/bone anabolic treatment as early as possible (53). An additional
advantage is that the histological examination supports the diagnosis and disqualifies the
jaw metastasis. Surgical therapy is acceptable in 1-3 stages of the disease (1). Surgical
therapy means the removal of the necrotic bone area down to vital, bleeding bone surfaces
and primarily wood closure. Depending on the stage of the disease, in the case of the
upper jaw alveolectomy or partial maxillectomy is performed to remove the necrotic bone
area, while a marginal or segmental resection is carried out in the case of the lower jaw
(1). The AAOMS recommendation updated in 2022 suggests that ST is effective at all
stages of MRONJ, including if diagnosed at an advanced stage, and both physical
examinations and imaging tests confirmed that it has a favourable effect on prognosis (1).
The effectiveness of ST is higher than NST, even so, 65-86% of the necrotic lesions are
recovered for the first operation, and in the case of healing the chance of recurrence is
about 11-45% (54, 55). Therefore, several additional procedures — regenerative materials,
and conservative methods - have been tested to intensify the effectiveness of surgical

therapy (53).

1.1.6. Risk and prognostic factors of MRONJ

Since the first description of the disease, several investigations have been published that
have investigated the risk factors of MRONJ. The results of these examinations are
diverse and many factors have been related to the development of disease. These factors
are among others the chemo- or hormonal therapy, the admission dosage of the
antiresorptive drug, breast cancer from underlying diseases, corticosteroid treatment,
diabetes mellitus, periodontal disease and tooth extraction (56-58).

The recurrence rate of MRONJ has been described in various studies as between 11% and
45% depending on the type of surgery (55, 59-62). Impaired healing and recurrences after
surgical therapy have been explained by insufficient removal of the necrotic bone and
coverage of the remaining bone surface, and inflamed mucosa due to postoperative
dehiscence (60-64). Even with the most appropriate surgical therapy, relapses are
inevitable due to the effects of antiresorptive agents on bone remodeling (62, 65). Several
studies have examined potential risk factors affecting the prognosis after surgical therapy
(60, 62, 66). Based on publications, the possible factors affecting prognosis among others
are the size of the necrotic bone part, diabetes mellitus, antiestrogen therapy, the total
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dose of bisphosphonate administered, the type of bisphosphonate administered, and
smoking (60, 62, 66-68).

1.2. Interleukin-1a and 3

1.2.1. Interleukin-1 cytokine family

Interleukin-1a. and B (IL-la and IL-18) are two of the 11 cytokines comprising the
interleukin-1 family (69). These cytokines have a central regulatory role in the function
of the innate immune system, in response to pathogens and haematopoiesis (69). These
substances, including pyrexin and leukocytic pyrogen, were first described in the 1940s
by Menkin and Beson, who found in their experiments that the supernatants of rabbit
neutrophils give rise to fever (69). The Second International Lymphokine Workshop held
in Switzerland in 1979 introduced the terminology interleukin and named these
molecules interleukin-1 (69, 70). The first identification and description of the
interleukin-1 precursor cDNA sequence was in 1984 (69).

The members of the interleukin-1 cytokine family can be classified into three subgroups:
interleukin-1, interleukin-18 and interleukin-36 (70). Interleukin-1a, interleukin-1f and
interleukin-33 belong to the inetrelukin-1 subgroup (70). All of these molecules are pro-

inflammatory cytokines (70).

1.2.2. Interleukin-1a (IL-1a)

The IL-1A gene encodes IL-1a. The IL-1A gene is transcripted differently in distinct cells
of the human body (71). IL-1a is continuously expressed in keratinocytes in the skin, type
2 epithelial cells in the lung, the epithelium of the entire gastrointestinal tract, endothelial
cells in blood vessels and astrocytes in the brain (72). In these endothelial and epithelial
cells, the transcription is constitutive, and in these cells, transcription factor Sp1 mediates
the process (71). In haematopoietic and immune cells, the transcription is stimulated by
several molecules, such as Toll-like receptor agonists, hormones and inflammatory
cytokines (71). AP1 and NF-kB transcription factors mediate the stimulated transcription
(71). The transcription and translation lead to the synthesis of pro-form IL-1o molecules
(71). These pro-form molecules can shuttle to the nucleus or cytosol, depending on the
cell type and the cell-specific regulating process (71). The exact regulating mechanisms
in different cell types are mostly unknown. One of the suspected mechanisms is that the

regulation is processed with a specific signal structure, a functional nuclear localization
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signal (NLS) (71). Pro-IL-1a contains NLS in the N-terminal (71). If the NLS is masked
with IL-1R2, it causes the retention of IL-1 in the cytosol. In the absence of masking, the
pro-IL-1 is shuttled to the nucleus (71). Another mechanism is that HS-1-associated
protein X (HAX)-1 connects to pro-IL-1a and facilitates its nuclear delivery (71).
Pro-IL-1o makes contacts in the nucleus among others with histone acetyltransferases
p300, P300/CBP-associated factor (PCAF) and GCN5, and regulates the gene expression,
such as IL-8 transcription (71). Accordingly, the IL-1a can shuttle to the nucleus and
operate like a transcription factor, it can connect to its cell membrane receptor, IL-1R,
and can stimulate signal transduction processes, consequently, some authors named it
dual-function cytokine (71). Pro-IL-1a also has a membrane-bounded, specific form that
is stimulated by inflammation in endothelial cells of the innate immune system (71, 72).
The pro-IL-1a and the cleaved IL-1a are also active forms and can operate the IL-1R1
receptor (72). The pro-IL-1a is cleaved by proteases to mature form, IL-1a (72) (71).
These proteases, such as caspase-1, y calpain, chymase, elastase and granzyme B, can be
found both extracellularly and intracellularly (71). The IL-l1a is secreted during the
process of pyroptosis induced by an inflammatory process or cell death (71). The
inflammatory process or cell death leads to inflammasome formation and activation
through microbe-derived pathogen-associated (PAMPS) or damage-associated (DAMPS)
detected by pattern recognition receptors (PRRs) (73). The activation of inflammasomes
induces caspase-1 activation. The activated caspase-1 cleaves numerous proteins, in
addition to pro-1L-1a, also IL-1p3, gasdermin and the D N-terminal fragment of GSDMD
oligomerizes (73). The latter two bring forth explosive cell death through the increase in
intracellular osmotic pressure and cell swelling (73). During the explosive cell death,
IL-1a is released from the cell. Caspase-1 can also cleave IL1R2 in pro-IL-1a-IL1R2,
which contains a connected form of pro-IL-1a. This process causes the dissociation of
the complex and increases the bioavailability of pro-IL-1a (72, 73). The pro-I1L-1a-IL1R2
complex also plays a regulatory role in the immune process, because the binding form of
pro-IL-1a can’t be released from the cell (72, 73). After the IL-1a is released from the
cell, it can bind to its receptor, IL-1R. The binding of IL-1a to its receptor brings forth
structural changes and the IL-1RacP, the transmembrane signal transduction subunit of
IL-1R1, can bind to IL-1R1 and form a complex (73). The complex contains a TIR
domain intracellularly. MyD88 binds to the IL-1R1 — IL-1RacP complex through the TIR
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domain, activating the phosphorylation cascade that activates NF-«xB, activator protein-1
(AP-1), c-Jun N-terminal kinase (JNK), p38 and other mitogen-associated protein kinases
(MAPKSs), extracellular signal-regulated kinases (ERKSs) and interferon-regulating genes
(72, 73). Through these molecules, IL-1a exerts its effect on the target cell, for example,
evoking the secretion of TNFa, IL-6 and cyclooxygenase type-2 (COX-2) in epithelial
and haematopoietic cells. In addition, IL-1a, mediated by the molecules listed above,
induces the production of IL-2, interferons, chemokines, prostaglandins and adhesion
molecules, activates T-helper cells and stimulates the maturation and clonal expansion of
B cells (72). The activation of IL-1R through these molecules further enhances the release
of IL-1a. The membrane-associated form of pro-lIL-1a is activated by extracellular
protease and through its receptor, which causes the induction of T cell proliferation and

chemokine secretion (72, 73).

1.2.3. Interleukin-1f (IL-18B)

The IL-1pB is expressed in a few types of cells, such as macrophages, dendritic cells,
neutrophils, B lymphocytes, natural Killer cells and keratinocytes induced by
inflammatory signals (71, 74). The activation of pattern recognition receptors (PRRs) by
pathogen-derived products and molecules from damaged cells triggers the expression of
IL-16 (74). The IL-1B gene encodes it (74). AP1 and NF-«B transcription factors regulate
the transcription of the IL-1B gene (71). During the translation process, a pro-form of
IL-1B, pro-IL-18 is produced. Pro-lIL-16 is biologically inactive and intracellular
processing is needed for activation (72). Pro-1L-18 is cleaved to active IL-1B8-form by the
caspase-1 protease (72). The IL-18 release from the cell is similar to IL-1a. Activated
caspase-1 induces explosive cell death and during this process, IL-18 is released from the
cell. IL-1B can bind to its receptor, IL-1R, with the same kinetic as IL-1a (72). The
biological effect and effectiveness of IL-18 are also the same as IL-1a (73). The IL-18
binding to IL-1R causes the same molecular and structural changes as IL-1a. (73). 1L-18
through the IRAK pathway activates the NK-xB and also incites the production of
transcription factors, MAPKs, ERKSs and interferon-regulating genes, which are listed in
the previous section concerning IL-1a (71, 72). IL-1B stimulates the TNFa, IL-6 and
COX-2 secretion of haematopoietic and epithelial cells and also incites the other
molecules’ production, listed above in connection with IL-1a (72). The activation of

IL-1R also promotes the IL-18 secretion (72).
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1.2.4. The role of interleukin-1a and B in diseases

Numerous studies demonstrate the association between interleukin-1a and f malfunction
and various diseases, such as autoimmune disorders, lung disease, cardiovascular
diseases, musculoskeletal disorders and cancers. Due to compliance with the formal

requirements of the thesis, only a few will be presented.

Musculoskeletal disease

Myositis, such as dermatomyositis and polymyositis are inflammation-mediated diseases
of the muscles. Several pro-inflammatory mediators participate in the pathomechanism
of the disease, including 1L-1a (72). Clinical experiences confirm IL-1a’s role in
myositis: high expression of IL-1a causes persistent muscle weakness (72).

Several autoimmune rheumatic diseases are associated with overexpression of IL-1a or
IL-18, such as osteoarthritis, rheumatoid arthritis, gout arthritis, ankylosing spondylitis,
psoriatic arthritis, adult-onset and systemic-onset juvenile idiopathic arthritis (Still’s
disease) (75-77).

Atherosclerosis and cardiovascular disease

IL-1a and B have a central role in the pathophysiology of atherosclerosis, so in the
development of coronary-artery disease, acute myocardial infarction and brain injury (71,
77). Macrophages, lipids and cholesterol crystals assemble in the atherosclerotic plaque.
The oxidized LDH stimulates IL-1a and IL-1f production in macrophages (77). During
the maturation of the plaque, necrosis and apoptosis also induced IL-1o and IL-1p
expression (77). IL-1 overexpression leads to vasculitis near the plaque (71). Cholesterol
crystals can also promote IL-16 production through NLRP3 inflammasome direct
activation (73, 77). Several studies have proven that IL-1 cytokines-associated
mechanisms take part in the development of heart diseases, such as myocardial infarction
(AMI), heart failure (HF), myocarditis (MC). During AMI, the NLRP3 inflammasome is
activated not only in myocardial cells, but in all heart cells (73). The activation of the
NLRP3 inflammasome stimulates the release of IL-18 and IL-1a, which intensifies the
immune response (73). The inflammation causes vasoplegia and cardiac dysfunction
indirectly (73). Interleukin-1 regulates cardiac contractility directly and participates in
atherothrombosis formation (73). Through these mechanisms, it affects the development

and course of the disease (73). The role of Interleukin-1 in HF is demonstrated also by
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early clinical trials that have used anakinra, an IL-1R1 human recombinant antagonist, in
stable chronic and systolic HF, and acute decompensated systolic HF Viral infection

caused acute, idiopathic MC associated with IL-1 production (73).

Infections

Interleukin-1a and  have a central role in initiating and stimulating the immune system
in the immune response process to pathogens and in bacterial, viral, fungal and protozoon
infections (71).

Interleukin-1a instigates the immune response in the case of several bacteria, such as
Staphylococcus aureus and Chlamydia trachomatis, and stimulates neutrophilia in a
defence reaction in the case of Legionella pneumophila and Haemophilus influenzae
infections. Interleukin-1p is a mediator in the immune response to Streptococcus
pneumonia, Citrobacter rodentium and Francisella novicida (71). Also, Interleukin-1la
and B expression is increased in Mycobacterium tuberculosis infections (71). IL-1a
through the stimulation of neutrophil granulocytes participates in the defence mechanisms
against adenovirus. Out of fungal infections, Candida albicans infections intensify the
production of IL-1a, and Cryptococcus neoformans and Apsergillus fumigatus also

stimulate the expression of IL-1o and IL-1p (71).

Oral disease

According to investigations, Interleukin-la and B elevated serum levels are associated
with numerous oral pathologic conditions. Interleukin-1p has a role in the pathogenesis
of chronic periodontitis (CP) (78). Elevated IL-1p level was detected in saliva, gingival
crevicular fluid and soft tissue in CP (78). Elevated IL-1p levels cause increased local
blood flow, leukocyte and neutrophil infiltration in the affected area, and bone resorption
(78). Increased IL-lo and IL-1p expression was also identified in chronic pulp
inflammation and periapical granulomas (79, 80). IL-1p is also connected to the
development and progression of temporomandibular disorders (81). Brailo et al. found in
their study that the IL-1p salivary level is significantly higher among oral cancer patients
than in the control group or patients with leucoplakia (82). According to a study
conducted by Asensi et al., the serum levels of IL-la in patients with chronic

osteomyelitis were significantly higher than in control patients (83).
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1.2.5. Inetrleukin-1A and 1B genes and their single nucleotide polymorphisms

IL-1a is encoded by the Interleukin-1A gene (IL-1A) and IL-18 is encoded by the
Interleukin-1B gene (IL-1B) (84). IL-1A and IL-1B genes are located at the long arm of
chromosome 2 (2g14), in the same gene cluster with genes encoding seven other IL-1
cytokines (62, 84). The gene size of IL-1A is 14 kb and contains seven exons and six
introns. The IL-1B gene size is 7,5 kb and contains seven exons and six introns (84). The
sequence homology is less than 26% in the two genes (84).

Until now, 148 single nucleotide polymorphisms (SNPs) of the IL-1A gene and 144 of
the IL-1 B gene have been identified (84). The SNPs are base pair variations at a single
position in the DNA sequence that occur in more than 1% of the population. SNPs are
located in protein-coding and also in non-coding DNA regions (84). The SNPs in the
protein-coding regions cause different bases contents of the transcribed mRNA (84). The
SNPs in the non-protein-coding regions can interfere with the transcription process
through the loss or alteration of binding sites for RNA and DNA binding proteins (84).
The SNPs through structural changes in the mRNA induce minor amino acid changes in
translated proteins, which can lead to changes in protein processing, maturation and
posttranslational modification, and consequently in protein function and interactions with
other proteins as well. SNPs can influence the rate and level of transcription and
translation by changing binding sites for RNA and DNA binding proteins (84). The SNPs
of IL-1A and IL-1B genes can change cytokine production and interactions, which can
lead to an altered immune response to pro-inflammatory signals (84). The enhanced
immune response can lead to autoimmune disease, chronic inflammations and cancers,
and the deprived immune response can predispose patients to infections and sepsis (84).
One of the most investigated SNP of the IL-1A gene is rs18000587 at position —889 C>T
in the promoter region. Studies found no statistically significant differences in the levels
of mRNA in subjects with TT genotype compared to CT or CC genotypes; however, in
the serum levels of IL-1a a disparity was detected between genotypes (CC 6.8 pg/mL, TT
36 pg/mL) (84).

In addition to the two promoters’ SNPs, rs1143627 at position =31 T>C and rs16944 at
position C>T, the most examined SNP of IL-18 is rs1143634 at position +3954 (84). The

rs1143634 SNP does not cause changes in the amino acid sequence or the serum level of
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IL-1B, but studies show its correlation to several diseases. rs1143634 presence in the
healthy Caucasian population is T allele 0.73 and C allele 0.27 (84).

The SNPs of IL-1A and IL-1B genes have a role in several diseases (85). Rs1800587, the
SNP of the IL-1A gene, is related to Alzheimer’s diseases, obesity, sepsis, lumbar disc
disease, chronic osteomyelitis and chronic periodontitis (83, 85-87). Rs1143634, the SNP
of the IL-1B gene, is possibly associated with lung cancer, chronic periodontitis, Systemic

Lupus Erythematosus, and sepsis (83, 85-87).

1.3. Platelet — rich fibrin

1.3.1 Brief history of platelet concentrates and platelet-rich fibrin

Platelet-rich fibrin (PRF) is a platelet concentrate (88). The platelet concentrates are the
processed, liquid part of peripheral blood that contain platelets in higher concentration
than the peripheral blood (88). These concentrates were named "platelet-rich plasma” by
haematologists and were administered intravenously to patients with thrombocytopenia
(89). From the 1970s, these concentrates were applied as ,.fibrin glues” in surgical
procedures to stimulate wound healing (90, 91). The first platelet-rich plasma gels were
created by modifying the production process, which already contained a high
concentration of platelets (90, 91). These products have been widely used in general
surgery, neurology, ophthalmology and plastic surgery (92, 93). Marx et al. applied the
platelet-rich plasma first in oral surgery procedures and published their experiences in
1998 (94). In the early 2000s, a new production process was developed by Choukroun et
al. that was significantly different from the previous one and resulted in the formation of
a strong fibrin network in the product (95). The new products were named PRF and
because of the new procedure technique, they mean the second generation of platelet

concentrate (95).

1.3.2. Application of platelet-rich fibrin

PRF is applied in several medical specialities, such as oral and maxillofacial surgery,
periodontology, orthopaedic surgery, and plastic surgery to improve wound healing and
regeneration of the surgical site (96-100). PRF supports tissue repair initiation through
containment growth factors, cytokines and adhesion proteins that have a role in the

hemostatic cascade, connective tissue synthesis, and angiogenesis (101, 102). PRF also
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improves the natural healing potential of hard and soft tissues by containing growth
factors, such as VEGF, FGF, PDGF, and modulating pain and inflammation (103).

1.3.3. Types of platelet-rich fibrin

In the last few years, the PRF process protocol has been modified to improve the function
and receive a PRF with consistency and composition appropriate to the treatment
procedure. As a result of the modifications, several various products have been created
with different biology and potential applications. The various products are shown in
Table 3.

Table 3: Types of PRFs, own table based on (98, 104-111)

Type of PRF Preparation technic Advantages
“Conventional” 3,000 rpm Compared to PRP:
L-PRF for 10 minutes no anticoagulants

strong fibrin clot with blood cells

Advanced PRF

1,500 rpm/1,300 rpm for

Compared to L-PRF:

(A-PRF) 14 minutes more viable blood cells
the higher total amount of growth
factors
Advanced PRF | 1,300 rpm Compared to L-PRF/A-PRF:
plus for 8 minutes a larger amount of growth factors
(A-PRF+) higher number of white blood cells
Injectable PRF 700 rpm Compared to L-PRF:
(I-PRF) for 3 minutes injectable form

more growth factors early on

(44d-1) uuquy you-1sare|d pue 81£00xNa7

titanium tubes

Horizontal-PRF | 700 rpm Compared to L-PRF:

(H-PRF) for 8 minutes four times greater leukocyte
horizontal angle concentrations

Concentrated 2000 g Compared to L-PRF:

PRF (C-PRF) for 8-minute boosts cell and growth factor yield

titanium-PRF 2,800 rpm Compared to L-PRF:

(T-PRF) for 12 minutes last longer in tissues

(E-PRF)

extended PRF

700 g for 8 minutes
heat 75 °C for 10 minutes
cool for 1-2 minutes

Compared to L-PRF:
prolonged resorption profile

Leukocyte-poor or p
platelet-rich fibrin

ure

specific protocol

Compared to PRP:
denser, more stable, and more
efficient fibrin matrix
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2. Objectives

MRONJ is an adverse drug reaction of antiresorptive therapy (1, 112). MRONJ is
developed in only 0.01 - 19% of the patients receiving antiresorptive therapy (1, 57, 113).
The suppositional risk factors are among others the therapeutic indication of
antiresorptive treatment, the type and duration of the antiresorptive therapy (1).
Presumably, in the pathophysiology of the disease, among others, bone remodeling
inhibition, infection and inflammation, and genetic factors play a role (1). The prognosis
of MRONJ is unfavourable, the recovery is only achieved in a maximum 85-86% of the
cases and the recurrence rate is high (59). Numerous factors are associated with
recurrences, such as the type of antiresorptive therapy administration, the MRONJ stage,
(68, 114). Despite the results of several studies published in the past decades, the exact
pathophysiology, the risk and prognostic factors and the infallible treatment procedure
ensuring complete healing are still unknown.

The subject of my doctoral studies is examining the factors that contribute to the
development and prognosis of MRONJ and investigating the effectiveness of possible
supplementing procedures in surgical therapy. During my doctoral studies, | conducted

two main clinical studies, which have concluded with results.

2.1. Hypothesis and aims of the study examining the role of single nucleotide
polymorphisms of Interleukin 1A and 1B in MRONIJ

The study hypothesis is based on the knowledge of MRONJ gained from the publications
summarised above. It is suggested that a genetic variation may have a role in MRONJ
pathomechanism, which is involved in both the inflammatory process and bone
remodeling (1). Interleukin 1-o and B are the central initiator and regulator molecules of
the innate immune system and affect bone remodeling (69). Increased IL-1 levels are
identified in several diseases, among others in inflammatory diseases affecting the bone
or having bony components, such as chronic osteomyelitis and periodontitis (71, 73, 83,
87). Some studies have proven the role of IL-1A—889 (rs18000587) and IL-1B+3953
(rs1143634) in chronic osteomyelitis and periodontitis, which diseases’
pathomechanisms are similar to MRONJ at several points (87, 115).

The study hypothesis is that the defined SNPs of IL-1A and IL-1B genes have a role in

the development and prognosis of MRONJ. The aim of the study is the examination of
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the role of the IL-1A—889 (rs18000587) and IL-1B+3953 (rs1143634) SNPs in the
development and prognosis of MRONJ:
e Aim I/1: Examine the role of defined SNPs in the development of MRONJ
e Aim I/2: Examine the role of defined SNPs in the prognosis (based on stage
improvement, healing, recurrence, and recurrence number) of MRONJ
e Aim I/3: Examine the defined SNP’s effect on the necrosis features
e Aim I/4: Examine the defined SNP’s probable effect on the prognosis of MRONJ

combined with anamnestic and therapeutic data

2.2. Hypothesis and aims of the study examining the A-PRF application in
surgical therapy of MRONJ

The study hypothesis is also based on the information published about MRONJ. In the
next 10-15 years, an increasing number of published studies and systematic reviews have
shown that surgical treatment is more successful than conservative therapy (1, 49, 51).
However, surgical therapy leads to healing in only a maximum 85% of the cases (116).
For this reason, some additional procedures have been tested as a supplement treatment
to surgical therapy to improve its effectiveness, such as the application of regenerative
materials, hyperbaric oxygen therapy and lower-level laser therapy (59).
One of the regenerative materials whose application may ameliorate the surgical therapy
of MRONJ is platelet-rich fibrin (PRF). PRF is a second-generation thrombocyte
concentrate (61, 95). The framework of PRF is formed by a 3-dimensional fibrin network
with imbedded thrombocytes, leukocytes and stem cells (61, 95). PRF also includes
several growth factors, cytokines and proteins. PRF supports immunity and angiogenesis
on the surgical side by stimulating wound healing (95, 117). The PRF is applied in several
oral and maxillofacial procedures to accelerate wound recovery (118).
The study hypothesises that the application of PRF improves the effectiveness of surgical
therapy in terms of wound healing and the prognosis of the disease. The aim of the study
is to explore the effect of supplementing the surgical therapy with the membranous form
of PRF (A-PRF) on wound healing and on the prognosis of MRONJ:

e Aim II/1: Examine the A-PRF usage effect on the prognosis (based on stage

improvement, healing, recurrence, and recurrence number) of MRONJ
e Aim II/2: Examine the effect of the necrosis features and the anamnestic and

therapeutic data on the outcome of the PRF-supplemented surgical therapy
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3. Methods
3.1. Study design

3.1.1. Study design for examining the role of SNPs of Interleukin 1A and 1B in MRONJ
The first investigation is an ambidirectional cohort study which examines the role of the
defined polymorphisms (IL-1A—889 —rs18000587; IL-1B+3953 — rs1143634) of the IL-
1A and 1L-1B genes in relation to MRONJ. The study complies with the Helsinki

Declaration, local laws and data protec tion regulations. The investigation was approved
by the Scientific and Research Ethics Committee of the Scientific Council for Health
(Approval number: 2507 2/2016) (62).

The role of SNPs in the development of MRONJ (Aim 1/1) is examined by comparing the
occurrence of SNPs in the patient and the control group. The role of SNPs in the MRONJ
prognosis (Aim 1/2) is examined in patients treated with surgical therapy according to
stage improvement, healing and recurrences after the operation. The occurrence of SNPs
is compared in the given patient groups, stage improvement — no stage improvement,
healing — no healing and recurrences — no recurrences and recurrence number to define
the role of SNPs in prognosis. The possible effect of the determined SNPs on the necrosis
features (Aim 1/3) is also investigated, by examining the occurrence of the defined SNPs
in certain categories of the necrosis features. The examined features of necrosis are shown
in Table 8. The defined SNPs’ probable effect combined with anamnestic and therapeutic
data on the development and prognosis of MRONJ (Aim 1/4) are also investigated. The
anamnestic and therapeutic data are shown in Table 4.

The SNPs are analysed separately and in combination in all four aims of the study as
follows:

A, the occurrence of the SNP (IL-1A 889 C/T, IL-1B+3953 C/T) on any copy of any of
the two genes is examined (any of the examined SNPs occurred/ none)

B, the occurrence of the examined SNP (IL-1A-889 C/T) on any copy of the IL-1A gene
only (no occurrence of the examined SNP IL-1B+3953 C/T on any copy of the IL-1B
gene), the examined SNP (IL-1B+3953 C/T) on any copy of the IL-1B gene only (no
occurrence of the examined IL-1A-889 C/T on any copy of the IL-1A gene)/ the examined
SNPs (IL-1A-889 C/T, IL-1B+3953 C/T) on any copy of the IL-1A and IL-1B genes
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C, the examined SNP (IL-1B+3953 C/T) of IL-1B gene is carried on all or one or none
copies of the gene (homozygous for the SNP [IL-1B+3953T, IL-1B+3953T],
heterozygous for the SNP [IL-1B+C3953, IL-1B+3953T], homozygous for the wild type
allele [IL-1B+C3953, IL-1B+C3953])
D, the examined SNP (IL-1A-889 C/T) of the IL-1A gene is carried on all or one or none
of the copies of the gene (homozygous for the SNP [IL-1A-889T, IL-1A-889T],
heterozygous for the SNP [IL-1A-889T, IL-1A-C889], homozygous for the wild type
allele [IL-1A-C889, IL-1A-C889])
E, the examined SNPs (IL-1A-889 C/T, IL-1B+3953 C/T) of the genes are carried on all
or one or none of the copies of the given genes, the nine combinations are:

o IL-1A889T, IL-1A-889T, IL-1B+3953T, IL-1B+3953T

o [L-1A-889T, IL-1A-889T, IL-1B+C3953, IL-1B+3953T

o [L-1A-889T, IL-1A-889T, IL-1B+C3953, IL-1B+C3953

e [L-1A-889T, IL -1A-C889, IL-1B+3953T, IL-1B+3953T

e [L-1A 889T, IL-1A-C889, IL-1B+C3953, IL- 1B+3953T

e [L-1A-889T, IL-1A-C889, IL-1B+C3953, IL-1B+C3953

o [L-1A-C889, I[L-1A-C889, IL-1B+C3953, IL-1B+C3953

o [L-1A-C889, IL-1A-C889, IL-1B+3953T, IL- 1B+3953T

o [L-1A-C889, IL-1A-C889, IL-1B+3953T, IL-1B+3953T

3.1.2. Study design for examining the A-PRF application in MRONJ

The second investigation is a randomized control trial in which the effect of the
membranous form of platelet-rich fibrin (A-PRF) is examined in MRONJ after surgical
therapy. The study observes the Helsinki Declaration, local laws and data protection
regulations. The investigation was approved by the Scientific and Research Ethics
Committee of the Scientific Council for Health (Approval number: 17041-4/2019) (61) .
The effect of the application of A-PRF on the prognosis of MRONJ is examined by
comparing the prognostic features, such as stage improvement, healing and recurrences
in a patient group treated with traditional surgical therapy and a patient group treated with
A-PRF complemented surgical therapy (Aim 11/1). The effects of the necrosis features and
the anamnestic and therapeutic data are also investigated on the outcome of the PRF-
supplemented surgical therapy (Aim 11/2). The tested anamnestic and therapeutic data are
shown in Table 9 (61).
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3.2. Patient and control group

3.2.1. Patient and control group for examining the role of SNPs of Interleukin 1A and
1B in MRONJ

Both investigations involved patients over 18 years of age, having reached the age of

discretion and treated at the Department of Oro-Maxillofacial Surgery and Stomatology,
Faculty of Dentistry, Semmelweis University. All patients received detailed information
about the procedures and signed informed consent to participate in the study.

To clarify the role of the defined SNPs in the development of MRONJ (Aim 1/1) by
comparing the occurrence of SNPs in the patient group and the control group. Patients
treated with MRONJ were included in the patient group. The diagnosis of MRONJ was
based on the criteria defined by the recommendations of AAOMS (17) . The control group
consisted of patients with no MRONJ. Physical examination or imaging tests showed no
signs or symptoms of necrosis in any of these patients. The control group was homologous
with the patient group in terms of age and sex. The Aim 1/2, Aim 1/3 and Aim 1/4 are
examined only in the patient group. Exclusion criteria were if the patient refused the

surgical treatment and was unwilling or unable to return for required follow-up visits.

3.2.2. Patient and control group for examining the A-PRF application in MRONJ

The second investigation included patients who were diagnosed with MRONJ and were
treated with surgical therapy for the disease. Further inclusion and exclusion criteria are
indicated in Table 4. To clarify the effect of additional A-PRF in surgical treatment, the
traditional and A-PRF-supplemented surgical therapy were compared. The patients were
divided into two groups. The first group was treated with traditional surgical therapy, and

in the second group, A-PRF-supplemented surgical therapy was applied.

Table 4: Inclusion and exclusion criteria of patients in the secund study

Inclusion criteria Exclusion criteria
diagnosed with MRONJ refuses surgical therapy or application of A-PRF
surgical therapy is the first choice in the treatment not willing to and unable to return for required

follow-up visits

the general condition of the patient allows for surgical | receiving chemotherapy around the expected
intervention time of operation

preoperative CBCT shows that there remain at least | an earlier surgical procedure in the affected
2-sided bone pockets after the removal of the necrotic | surgical field

bone part, which means marginal resection or
alveolectomy is necessary for surgical therapy

segmental resection or maxillectomy necessary
for surgical therapy
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3.3. Treatment strategies and study protocol

On the first visit, when a patient shows up at the Department with their complaints for the
first time, the diagnosis is established based on a physical examination, the anamnestic
and treatment parameters of the underlying disease and an orthopantomogram. The stage
iIs also classified and during the physical examination, a sample is also taken from the pus
or the exposed bone surface for microbiological examination. The patient is registered for
a Cone Beam CT (CBCT) scan, a blood test, an ECG and a chest X-ray.

On the second visit, the CBCT scan is reviewed, and the size and localisation of the
necrotic bone area are defined. Anaesthesia consultation is also held during which the
general condition of the patient is ascertained based on the results of the blood test, the
ECG and the chest X. Depending on the size and the localisation of the exposed bone area
and the general condition of the patient, the treatment plan is set up. Depending on the
treatment plan, the patient is registered for an operation and/or provided with an antibiotic
prescription and medical advice.

The treatment strategy depends on the patient’s general condition, the MRONIJ stage and
the size and the localisation of the exposed bone part. If the patient’s general condition
allows for surgical therapy and the patient consents to the operation, the treatment plan is
surgical intervention. If the patient’s general condition does not allow for surgical therapy
or the patient doesn’t consent to the operation, the treatment plan is conservative therapy.
If surgical intervention is possible, surgical treatment is recommended in our Department
in every case, because the chance for total recovery is higher, and the prognosis and the
patient’s quality of life are more favourable after surgical procedures than in the case of
conservative treatment. Depending on the size and the localisation of the exposed bone
part, local or general anaesthesia is used during the surgical intervention. For 3 days
before and for 10 days following the procedure, an antibiotic is administered to the
patient. The surgical intervention is performed with a minimally invasive approach,
striving to remove all of the necrotic bone parts but taking out as little bone stock as
possible. In stage 1 and stage 2, the surgical intervention means an alveolectomy or a
marginal resection. In stage 3, we aim for preserving the continuity of the mandible in the
case of lower jaw necrosis. If it is possible, the marginal resection is made with extraoral
fistula excision. If the bilateral cortical of the lower jaw is not or only partially affected,

the tunnel technique is used to remove the spongiosa and to maintain continuity.
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Segmental resection is performed only if absolutely necessary. After segmental resection,
immediate or delayed reconstruction is feasible with a fibula flap. In stage 3, partial
maxillectomy is performed on the upper jaw. After the operation, local wound care,
antimicrobial mouth rinses and pain control are performed in addition to the
administration of antibiotics. The conservative treatment includes local wound care,
antimicrobial mouth rinses, pain control and antibiotics application, initially in empirical
form and later according to the antibiogram.

In case of surgical treatment, the patient is admitted to the inpatient care unit one day
before the surgical intervention. The patient receives detailed information about the
operation, its consequences and possibly complications, alternative treatment methods
and about the expected consequences of failure to intervene. The patient is also fully
informed about the study in which they are planned to be included. If the patient gives
informed consent, the patient is included to the study. Anamnestic data, treatment
parameters of the underlying disease and baseline characteristics of the MRONJ were
recorded about each patient before the operation. If the patient is included in the first,
genetic study, the genetic sample is taken from oral mucosa after receiving their informed
consent. The genetic samples are collected at the Department and are delivered to the
genetic laboratory in batches of 10-20 samples where the analysis is conducted. If the
patient is included in the second, PRF study, the patient is randomly assigned to the
experimental or the control group by random numbers generated by computer. If the
patient is assigned to the experimental group, the surgical intervention is supplemented
with A-PRF application. If the patient is assigned to the control group, a traditional
operation is performed.

If conservative treatment is given, the patient can only be included in the first part of the
genetic study, in which the role of SNPs in the development of MRONJ is examined. If
the patient gives informed consent to the participation in the study, the genetic sample is
taken at the first control examination. These genetic samples are collected and delivered
with the other samples.

In the first study aimed at examining the role of SNPs in the development of MRONJ, the
occurrence of SNPs is compared in the experimental group and the control group. The
patients in the control group are also treated at the Department, but not for MRONJ. The

genetic samples of these patients are taken after receiving their informed consent at the

31



inpatient or outpatient care unit. These genetic samples are collected and delivered with
the other samples. The anamnestic data of the control patients are also recorded.

After surgical intervention, the patients are followed up. After the operation a control
orthopantomogram is taken to record the bone status after the surgical treatment. The
control examinations are at 1 week, 2 weeks, 1 month, 3 months, 6 months and 1 year
after the operation or in case of complaints. At the control examinations, the state of the
surgical site is recorded.

The data generated during the studies are recorded, aggregated and analysed. The results

of the statistical analysis are evaluated and compared to the results of other publications.

3.4. Antibiotic treatment

If the necrosis of the jaw is in stage 2 and discharge is experienced at the first visit,
empirical antibiotic administration is commenced. The first choice is
amoxicillin/clavulanic acid (875/125 mg twice a day) (61). If the patient is allergic to
penicillin, the first choice is levofloxacin (500 mg once a day). The duration of the
antibiotic treatment is usually 2 weeks depending on the cessation of the discharge.

Oral antibiotic therapy is initiated 3 days before the operation and is continued for more
than 10 days after the operation . The type of antibiotic administered depends on the
results of the microbiological sampling at the first visit. The first choice is also
amoxicillin/clavulanic acid (875/125 mg twice a day) (61). In case of resistance or the
patient’s penicillin allergy, the most frequently chosen agents are levofloxacin (500 mg
once a day), moxifloxacin (400 mg once a day) or sulfamethoxazole and trimethoprim
(400/80 mg, two tablets, twice a day).

If the postoperative histology confirms the presence of actinomyces species, the duration
of the amoxicillin/clavulanic acid administration is extended to 4-6 weeks after surgical
intervention. In patients allergic to penicillin, the type and duration of further antibiotic

administration is based on the result of consultation with an infectologist.

3.5. Surgical therapy

Operations were performed under general or local anaesthesia, depending on the
localisation and the extent of the bone defects. The surgical site was infiltrated with

Lidocaine epinephrine 2% solution (61).
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3.5.1. Alveolectomy, maxillectomy and marginal resection

Depending on the size and location of the necrotic bone part, an incision was made on the
alveolar ridge that was extended beyond the edges of the necrotic parts (61). The alveolar
ridge incision was supplemented with vertical incisions. The mucoperiosteal flap was
created from these incisions to explore the necrotic bone area (61). After that, the affected
bone area was completely removed up to the vital, bleeding bone surfaces (61).
Depending on the extent and the localisation of the necrotic bone part, the affected areas
were removed with a marginal resection, an alveolectomy or a partial maxillectomy
(Figure 1). The sharp bone edges were rounded off. After the mucoperiosteal flap
mobilisation, 1 mm was removed from the gingiva that was earlier around the denuded

bone surface and the wound was closed with vertical mattress sutures (61).

Figure 1: Steps of marginal resection (61)

3.5.2. Segmental resection

Depending on the presence of an intraoral or extraoral exposed bone part and the presence
and size of an extraoral fistula, the surgical incision was made extraorally or intraorally.
If an extraoral fistula is present, the fistula is circumcised and excised. From the extraoral
or intraoral incision, the necrotic part of the lower jaw was approached and the edge of
the necrotic bone part was explored. In the viable bone part next to the necrotic bone part,
the exposed bone area was dissected from the viable bone part in the entire vertical height
of the jawbone. The sharp bone edges were rounded off. After the flap mobilisation, 1
mm was removed from the gingiva/skin and the wound was closed in a double layer.
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3.6. Preparation of the PRF membrane

In the second study, in the second patient group, the marginal resection or alveolectomy
was supplemented with applying the A-PRF (Figure 2). The number of applied A-PRF
membranes depended on the size of the bone defect. The A-PRF membranes were applied
after the necrotic bone removal, in the site of the missing bone, to the bleeding bone
surfaces (61). The flap mobilisation and the wound closure were the same as in the

alveolectomy and marginal resection detailed above.

Figure 2: Steps of alveolectomy supplemented with A-PRF application (61)

The A-PRF membrane preparation followed the Choukroun method described in 2006
(95). The preparation was performed during the operation with the Choukroun PRF
DUOTM Centrifuge System and the attached kit, according to the instructions.
Depending on the size of the necrotic parts of the bone, 2 to 4 test tubes of peripheral
venous blood were collected into 10 ml tubes of the kit (61). The tubes were placed
immediately in the centrifuge and rotated at 1300 rpm for 14 minutes (61). The tubes
were taken out of the Centrifuge and 5 minutes later the PRF was removed with surgical
forceps from the tubes, separating the PRF layer from the acellular plasma layer above
and the red blood cell layer below it (61). After that, the PRF was compressed to a
membranous form for application (61).

Figure 3: Steps of the PRF preparation (61)

34



3.7. Genetic examination

3.7.1. Genetic sampling

Cell scrapings from the oral mucosa were collected with the DentiGen Parodontitis
Genetic Test (62). This test is appropriate for analysing the SNPs in position IL-1A-889
and IL-1B +3953 from intraoral cell scrapings (62).

3.7.2. Genetic analysis

The collected samples were analysed in the Istenhegyi Genetic Diagnostics Center (62).
The first step of the analysis was DNA isolation after cell lysis on selective DNA binding.
For DNA isolation, the KURABO QuickGene DNS kit was used. Then DNA was
cleavage into segments with restricted endonucleases (62). The DNA segments were
amplified with the PCR technique (One Tag Hot Start DNA polymerase) (62). DNA
hybridization was used for the allelic analysis. The allelic analysis was performed with
the Hain GenoType IL-1 kit. DNA samples were separated with agarose gel
electrophoresis and then blotted onto a nitrocellulose membrane. The DNA was
hybridized with dye-labelled probes (62).

3.7.3. Evaluation of genetic results

The genetic results show whether or not the patient carries SNP at the DNA position IL-
1A-C889 or IL-1B+C3953. The test result also provides information on whether the
patient has the defined SNP on all copies of the gene or only on one copy or none of the

copies.

3.8. Follow-up

After surgical therapy, the follow-up period lasted for at least one year after the operation.
The patients who did not participate in the control examinations or for whom the
examination date was not registered were excluded from the studies. Control
examinations were carried out at 1 week, 2 weeks, 1 month, 3 months, 6 months and 1
year after the operation or in case of complaints. The control examination contained a
physical analysis and the precise registration of the condition of the surgical site based on
the examination. Medical imaging was performed in all cases one day after the operation

and when complaints or complications were suspected.
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3.9. Outcome measure

In the follow-up period at control examinations, the surgical site was monitored and its
condition was registered. The outcome of the disease was ascertained according to the
condition of the surgical site, such as stage improvement, healing and recurrence.
Healing was registered when wound recovery with primary or secondary intention was
observed and no signs of necrosis developed during the first 4 weeks after surgery. The
presence of necrotic bone parts was probed with physical examination and medical
imaging (61, 62).

Stage improvement was recorded when the disease reached a lower stage according to
the 2014 recommendations of the AAOMS (8, 17, 61, 62).

Recurrence was recorded when the wound healed with primary or secondary intention,
but after the recovery patients started experiencing complaints again or signs of necrotic
bone parts were detected with physical examination or X-ray images (61, 62) .

In the first study, the recurrence number was an additional outcome. In case of recurrence,
when the patients’ conditions allowed for surgical therapy, repeated operations were
performed. After the repeated operations, the surgical site was also monitored and the
outcome parameters were registered including the recurrence. The number of recurrences

was summarized during the follow-up period.

3.10. Data recording and statistical analysis

3.10.1. Data recording

Data were recorded anonymously based on patient code numbers. Anamnestic data,
treatment parameters of the underlying disease and the baseline characteristics of the
MRONJ were recorded about each patient before the operation. The genetic results were
also entered into the table in the first study. The outcome parameters were also added to

the table. Microsoft Excel 2013 was used for data recording.

3.10.2. Statistical analysis

Data were evaluated with StataBel8 (64-bit) and IBM SPSS Statistics 24. The
significance level for statistical analysis was determined to be 0.05 (p=0.05).
In each study, the experimental group’s collected data were compared to the comparison

group’s data to ensure the homogeneity of the groups and to exclude selection bias. The
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variables of anamnestic, treatment and MRONJ baseline characteristics data are
dichotomous, ordinal and continuous. Independent t-test, Wilcoxon rank sum test and

Chi-squared test were used to compare the data.

3.10.2.1. Statistical analysis of the first study

In the first study, the variables of the genetic result were categorical. The stage
improvement, the healing and the recurrence from the outcome parameters are
dichotomous variables. The number of recurrences is a continuous variable. To examine
the role of SNPs in the development of MRONJ (Aim /1), the occurrence of SNPs in the
patient and the control group was compared with the Chi-squared test or Fischer exact
test. To examine the role of SNPs in the prognosis of the disease (Aim 1/2), the occurrence
of SNPs in patient groups with registered stage improvement or none, healing or none,
recurrence or none was compared with the Chi-squared test or Fischer exact test. In the
case of the recurrence number, the analysis was performed with an independent t-test or
Wilcoxon rank sum test. The Chi-squared probe or Fischer exact test was applied to test
the possible effect of SNPs on necrosis features (Aim 1/3). To examine the combined
effect of SNPs with anamnestic and therapeutic data on the development and prognosis
of MRONJ (Aim 1/4), model building, multivariable linear regression or multivariable

logistic regression were used.

3.10.2.2. Statistical analysis of the second study

To test the effect of A-PRF in the prognosis of MRONJ, the stage improvement, healing
and recurrence were compared in the experimental and comparison groups (Aim 11/1).
The Chi-squared test or Fischer exact test was applied for the analysis. The effect of the
necrosis features and the anamnestic and therapeutic data were also investigated in
connection with the outcome of PRF-supplemented surgical therapy (Aim 11/2). For the

analysis, multivariable logistic regression was applied.

37



4. Results

4.1. The results of the first, genetic study

In the first study, IL-1A and IL-1B defined SNPs’ (IL-1A-889 C/T, IL-1B+3953 C/T)
roles were examined in the development and prognosis of MRONJ. The SNPs’ possible
effect on necrosis features and their probable effect on the prognosis of MRONJ
combined with anamnestic and therapeutic data were also investigated. In all five
subsections of the study, the genetic results were analysed as described in the materials
and methods section.

A total of 150 patients were included in the first study: 91 patients in the experimental
group and 59 in the control group. The patients in the experimental group were diagnosed
with MRONJ, while in the comparison group, no signs and symptoms of MRONJ could

be detected. The collected data from the experimental and control groups are summarized

in Table 5.

Table 5: The collected data (anamnestic and therapeutic, necrosis features) data in

patients group and control group (62)

Anamnestic and therapeutic dates Patient group Control group
Numbers of the patients 91 59
Average age 69.82 70.22
Male: Female 37:54 18:41
Underlying disease

Breast tumor 32 (35.16%) 0
Prostate tumor 25 (27.47%) 0
Multiple myeloma 14 (15.38%) 0
Osteoporosis 9 (9.89%) 0
Pulmonary tumor 6 (6.59%) 0
Renal tumor 5 (5.48%) 0
Diabetes mellitus 14 (15.38%) 16 (27.11%)
Chemotherapy 66 (72.52%) 0
Steroid therapy 34 (37.36%) 4 (6.77%)
Hormone therapy 48 (52.74%) 0
Bisphosphonate therapy 93 (100%) 0
Method of bisphosphonate administration not applicable
intravenous or injection 65 (71.42%) not applicable
per 0s 10 (10.98%) not applicable
both 11 (12.08%) not applicable
The type of bisphosphonate not applicable
zoledronate 60 (65.93%) not applicable
ibandronate 14 (15.38%) not applicable
pamidronate 1 (1.09%) not applicable
clodronate 2 (2.19%) not applicable

aledronate 2 (2.19%)

risedronate 4 (4.39%)
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Anamnestic and therapeutic dates

Patient group

Control group

Average time of bisphosphonate administration
until

51.73

not applicable

Other antiresorptive drugs 22 (24.17%) 0
Smoking 23 (25.27%) 9 (15.25%)
Extractions before the development of the necrosis 72 (79.12%) not applicable
Localization (jaw bone) not applicable
Upper jaw 20 (21.97%) not applicable
Lower jaw 56 (61.53%) not applicable
Both 15 (16.48%) not applicable
Localization (quadrant) not applicable
1 4 (4.39%) not applicable
2 10 (10.98%) not applicable
3 25 (27.47%) not applicable
4 15 (16.48%) not applicable

Multiple quadrants 37 (40.65%)
Localization (regio) not applicable
Front region 7 (7.69%) not applicable
Premolar region 14 (15.38%) not applicable
Molar region 29 (31.86%) not applicable
Multiple regions 41 (45.05%) not applicable
Stage (at diagnosis) not applicable
1 4 (4.39%) not applicable
2 68 (74.72%) not applicable
3 19 (20.87%) not applicable

4.1.1. The examination of the defined SNPs’ role in the development of MRONJ

In the experimental group 91, in the comparison group 59 patients were examined. The

average age in the experimental group was 69.82 while it was 70.32 in the control group.

In the patient group 37 men and 54 women, in the control group 18 men and 41 women

were included. The experimental and the comparison group were homologous regarding

age and gender. Genetic results were detectable from all samples both in the patient and

in the control group. The genetic results of the experimental and control group are

summarized in Table 6. The genetic results were evaluated as described in the materials

and methods section.

Table 6: The genetic results of the experimental and control group (62)

examination of the development

examined parameter

patient group

control
group

correlation
with the
development
of the disease

the occurrence of the SNP on any copy of

a, any of the two genes 51 (56.04%) | 37 (62.71%) p=0.418
the occurrence of SNP in the given loci of
b any copi separately and together
' in case of IL-1A gene 46 (50.54%) | 31 (52.54%) p=0.811
in case of 11-1B gene 40 (43.95%) | 30 (50.84%) p=0.409
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examination of the development
correlation
atient arou control with the
examined parameter P group group development
of the disease
in case of 1I-1A and IL-1B together 35 (38.46%) | 24 (40.67%) p=0.786
the examined SNP is carried on all or one
or none copies of the IL-1B gene
homozygous for wild-allelic variant (IL- 0 0
. 1B+C3953, IL-1B+C3953) 51 (56.04%) | 30 (50.84%)
" | heterozygous for the SNP (IL-1B+C3953, 0 0 _
IL-1B+3953T) 33 (36.26%) | 23 (38.98%) p=0.778
homozygous for the SNP (IL-1B+3953T, 0 0
IL-1B+3953T) 7(7.69%) | 6(10.16%)
the examined SNP is carried on all or one
or none copies of the IL-1A gene
homozygous for the wild-allelic variant o o
. (IL-1A-C889, IL-1A-C889) 45 (49.45%) | 29 (49.15%)
heterozygous for SggSgl)L—lA—889T, IL-1A- 30 (42.85%) | 23 (38.98%) 0=0.671
homozygous for the SNP (IL-1A-889T, IL- 0 0
1A-889T) 7(7.69%) | 7(11.86%)
in the given locus of IL-1A gene (IL-1A-
889) and IL-1B gene (IL-1B+3953) on
each copy what allelic variant is carried
IL-1A-C889, IL-1A-C889, IL-1B+C3953, 0 0
IL-1B+C3953 39 (42.85%) | 23 (38.98%)
IL-1A-C889, IL-1A-C889, IL-1B+C3953, 0 0
IL-1B+3953T 5 (5.49%) 5 (8.47%)
IL-1A-C889, IL-1A-C889, IL-1B+3953T, 0
IL-1B+3953T 0 1 (1.69%)
IL-1A-889T, IL-1A-C889, IL-1B+C3953, 0 0
N IL-1B+C3953 10 (10.98%) | 6 (10.16%)
IL-1A-889T, IL-1A-C889, IL-1B+C3953, 0 0 _
IL-1B+3953T 27 (29.67%) | 16 (27.11%) p=0.859
IL-1A-889T, IL-1A-C889, IL-1B+3953T, 0 0
IL-1B+3953T 3 (3.29%) 1 (16.94%)
IL-1A-889T, IL-1A-889T, IL-1B+C3953, 0 0
IL-1B+C3953
IL-1A-889T, IL-1A-889T, IL-1B+C3953, 0 0
IL-1B+3953T 2 (2.19%) 2 (3.38%)
IL-1A-889T, IL-1A-889T, IL-1B+3953T, 0 0
IL-1B+3953T 5 (5.49%) 5 (8.47%)

A, Out of the 150 examined patients, 88 carried at least one of the examined SNPs. The
occurrence of the SNPs was 58.6%. In the experimental group 51 patients, in the control
group 37 patients carried at least one of the examined SNPs on any copy of any of the

two genes. No association was found between the carrying of SNPs and the development
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Figure 4: No association was found between the carrying of SNPs and the
development of MRONJ (62)

of MRONJ (p=0.418). The result is shown in Figure 4 any of the two genes any of the
two genes. No association was found between the carrying of SNPs.

B, The occurrence of the examined SNP was tested separately regarding IL-1A gene, IL
-1B gene and both (IL-1A and IL-1B) genes. The occurrence of the IL-1A-889T SNP was
51.3% in the examined population. SNP (IL-1A-889T) was detected in 46 cases in the
experimental group and in 31 cases in the control group on any copy of the IL-1A gene.
No connection could be evinced between the presence of SNP on any copy of IL-1A and
the development of necrosis (p=0.811).

The presence of IL-1B+3953T SNP was 46.6% in the studied population. IL-1B+3953T
SNP was evincible in the patient group in 40 cases and in 30 cases in the control group.
No correlation was shown between the development of MRONJ and the carrying of IL-
1B+3953T SNP (p=0.409).

In the studied population, 59 patients, carried both IL-1A 889T and IL-1B+3953T SNPs.
In the experimental group 35 and in the control group 24 cases were registered with both
SNPs. No interrelation was found between the carrying of both SNPs and the
development of necrosis (p=0.786).

C, The IL-1B+3953T SNP is presented on all, one or none of the copies of the IL-1B
gene. 13 patients were homozygotic for the SNP, 56 (37.3%) heterozygotic for the SNP
and 81 carried no IL-1B+3953T SNP. 7 of those homozygotic for the SNP were in the
experimental group and 6 in the control group. Out of the 56 heterozygotic patients, 33

were in the experimental group and 23 in the comparison group. No connection was
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detected between the development of the disease and the homozygotic or heterozygotic
form of carrying the IL-1B+3953T SNP (p=0.778).

D, The IL-1A-889T SNP is presented on all, one or none of the copies of the IL-1A gene.
On the basis of this, the patient could be homozygous or heterozygous for the SNP, and
homozygous for the wild-type allele. 7-7 patients of the experimental and control group
were homozygotic for the IL-1A-889T SNP, 39 in the experimental group and 23 patients
in the comparison group carried SNP only on one copy. 74 patients - 45 out of the
experimental and 29 of the control group - had only wild alleles. No connection was
shown between MRONJ development and the homozygotic or heterozygotic form of
carrying the IL-1A -889T SNP (p=0.671).

E, As described in the materials and methods section, 9 combinations of carrying the IL-
1A-889T or IL-1B+3953T SNPs on one or two copies of the genes were also tested
regarding the development of the disease. Out of the patients who carried SNP on any
copy of the genes, the most frequent combination was being heterozygotic for IL-1A
889T and IL-1B+3953T SNPs. It occurred among 43 patients, out of which 27 were in
the experimental and 16 in the comparison group. The second most frequent combination
was being heterozygotic for IL-1A-889T and homozygotic for the wild allele of IL-1B.
This combination was present in 16 cases: in 10 cases in the experimental and in 6 cases
in the control group. The combinations and their occurrences are shown in Table 5. No
association was detected between either of the combinations and the development of the
disease (p=0.859).

4.1.2. The examination of the defined SNPs’ role in the prognosis of MRONJ

The SNPs' role in the prognosis of MRONJ was examined in the experimental group
among patients who were treated with surgical therapy. 77 patients were included in this
section of the study. The collected data from the group are summarized in Table 4. The
prognosis was evaluated on the basis of stage improvement, healing, recurrences, and
number of recurrences. Out of the 77 patients, in 76 cases stage improvement, in one case
no stage improvement, in 66 cases healing, in 8 (10.81%) cases no healing, in 31 cases
recurrences, and in 34 cases no recurrences were detected. Out of the 33 patients who had
recurrences, in 15 cases one recurrence, in 10 cases 2 recurrences and in 1 case 5

recurrences were discerned. The genetic results and the prognosis of the experimental
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group are shown in Table 7. The genetic results were evaluated as described in the

materials and methods section.

Table 7: The genetic results and the prognosis of the experimental group (62)

examination of the prognosis

>
. €| 28 |813| 38 |5|3 |38
examined parameter | 3 = 325 S | a 8 5 5 | o |5
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> o S = => >
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a. the occurrence of the SNP on any copy of any of the two genes
48 |0 | p=0.195| 40 | 5 | p=0.917 | 24 | 15 | p=0.006
b. the occurrence of SNP in the given loci of any copi separately and together
case of the IL-1A gene 43 0 | p=0.258 | 35 | 5 | p=0.612 | 21 | 14 | p=0.032
case of the IL-1Bgene | 37 | O | p=0.308 | 31 | 5 | p=0.407 | 22 | 11 p=0.01
case of IL-1A and IL- _ _ _
18 together 34 | 0| p=0371| 26 | 5 | p=0.211| 17 | 10 | p=0.034
c. the examined SNP is carried on all or one or none copies of the IL-1B gene
homozygous
for the wild-allelic 37 1 35 |3 11 | 23
variant
heterozySgNoIL:J)s for the 33 0 p=0.595 % | 5 p=0.396 16 9 p=0.034
homozygous for the
SNP 6 0 5 |1 4 2
d. the examined SNP is carried on all or one or none copies of the IL-1A gene
ho_mozygo_us for_ the 37 1 31 | 3 10 | 20
wild allelic variant
heterozygous for SNP 37 0 | p=0.527 | 30 | 5 | p=0.553 | 18 | 11 | p=0.087
homozygous for the
SNP 6 1 6 | 0 3 3

copy what allelic variant is carried

e. in the given locus of IL-1A gene (IL-1A-889) and IL-1B gene (IL-1B+3953) on each
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IL-1B+3953T

C889. IL-1B+C3953. 28 1 25 | 4
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examination of the prognosis
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A, Out of the 77 patients, 48 carried at least one of the examined SNPs. The occurrence
of at least one of the examined SNPs was 62.33%. In the stage improvement group, 48
patients carried at least one of the examined SNPs on any copy of any of the two genes
and 28 patients carried none of the examined SNPs. No patient carried SNP in the no
stage-improvement group, and 1 patient who was detected with no stage-improvement,
had a negative genetic result. No association was found between the carrying of the SNPs
and the development of MRONJ (p=0.195). Among the 74 patients about whom data were
recorded concerning their recovery, 45 carried at least one of the examined SNPs on any
copy of any of the two genes. Out of the 45 patients, in 40 cases healing, and in 5 cases
no healing was found. Out of the patients who had no examined SNP, in 26 cases

recovery, in 3 cases no recovery was detected. No connection was evincible between
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healing and the carrying of at least one of the examined SNPs (p=0.917). Out of the 65
patients about whom data were collected, 39 patients had at least one of the examined
SNPs on any copy of any of the two genes. Out of the 39 patients, in 24 cases recurrence,
while in 15 cases no recurrence was detected. Out of the patients with no SNP, in 7 cases
recurrence, in 19 cases no recurrence was found. A significant association was detected
between the carrying of at least one of the examined SNPs and recurrences (p=0.006).
The result is shown on Figure 5. Out of the patients who had one recurrence, 12 patients
carried either of the examined SNPs. Out of the patients with two recurrences, 8 patients
had at least one of the examined SNPs. The patient with 5 recurrences also carried SNP.
No connection was detected between the carrier of either of the SNPs and the number of

recurrences (p=0.051).

No recurrence IS EOE——

Recurrence 24 ——
No recovery mSmmgs
Recovery 40 260
No stage improvement Ok
Stage improvement 48 — )
0 10 20 30 40 50 60 70 80

Carrying SNP  ® Carrying no SNP

Figure 5: A significant association was detected between the carrying of at least one of
the examined SNPs and recurrences (p=0.006) (62)

B, The occurrence of the IL-1A-889T SNP was 55.84% among surgically treated patients.
SNP (IL-1A 889T) was detected in 43 cases. Out of the 43 cases all the cases showed
stage improvement. Out of the patients who had no IL-1A-889T SNP, in 33 cases stage
improvement was observed. One patient who had no stage improvement, carried no IL-
1A-889T SNP. No relation was detected between stage improvement and the carrying of
IL-1A-889T SNP (p=0.258). Out of the patients about whom data were recorded
concerning recovery, 40 patients carried IL-1A-889T SNP. Out of these patients in 35
cases healing, in 5 cases no healing was found. Among the patients who had no IL-1A
889T SNP, in 31 cases healing, in 3 cases no healing was detected. No connection was
found between the occurrence of IL-1A-889T SNP and the healing of MRONJ lesion
(p=0.612). Out of the 65 patients about whom data were noted down concerning
recurrences, 36 patients carried IL-1A-889T SNP. Among these patients in 21 cases
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recurrences, in 14 cases no recurrences were observed. Among the patients who had no
IL-1A-889T SNP, in 10 cases recurrence, in 20 cases no recurrence was noted. A
significant association was found between the occurrence of IL-1A 889T SNP and
recurrences (p=0.032). Out of the patients who had 1 recurrence, 11 patients carried IL-
1A 889T SNP. Out of the patients with 2 recurrences, 6 patients had I1L-1A 889T SNP.
The patient with 5 recurrences also carried IL-1A 889T SNP. No connection was detected
between the IL-1A 889T SNP and the number of recurrences (p=0.169).

The presence of IL-1B+3953T SNP was detected in 50,64% among patients who received
surgical therapy. Among these patients, stage improvement developed in all cases.
Among the patients who had no IL-1B+3953T SNP, stage improvement was found in 37
cases. One patient, who had no stage improvement, carried no IL-1B+3953T SNP. No
relation was found between stage improvement and the carrying of IL-1B+3953T SNP
(p=0.308). Out of the patients about whom data were collected concerning recovery, 36
patients had IL-1B+3953T SNP. Out of these patients in 31 cases healing, in 5 cases no
healing was detected. Among patients who had no IL-1B+3953T SNP, in 35 cases
healing, in 3 cases no healing was noted down. No connection was found between the
occurrence of IL-1B+3953T SNP and surgical site healing (p=0.407). Out of the 65
patients about whom data were collected concerning recurrences, 31 patients carried IL-
1B+3953T SNP. Among these patients, in 20 cases recurrences, and in 11 cases no
recurrences were detected. Out of the patients who had no IL-1B+3953T SNP, in 11 cases
recurrence, in 23 cases no recurrence was found. A significant association was revealed
between the occurrence of IL-1B+3953T SNP and recurrences (p=0.010). Out of the
patients who had one recurrence, 12 patients carried IL-1B+3953T SNP. Out of the
patients with 2 recurrences, 5 patients had IL-1B+3953T SNP. The patient with 5
recurrences did not carry IL-1B+3953T SNP. A correlation was detected between the
carrier of IL-1B+3953T SNP and the number of recurrences (p=0.019).

Among the patients who were treated with surgical therapy, 34 patients, carried both IL-
1A-889T and IL-1B+3953T SNPs. Among these patients, stage improvement occurred in
all cases. Out of the patients who did not have both IL-1A-889T and IL- 1B+3953T SNP,
42 patients showed stage improvement. 1 patient who had no stage improvement carried
no SNP. No relation was revealed between stage improvement and the carrying of both
IL-1A-889T and IL-1B+3953T SNPs (p=0.371). Out of the patients about whom data
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were recorded concerning recovery, 31 patients had 1L-1A-889T and IL-1B+3953T
SNPs. Among these patients, in 26 cases healing, and in 5 cases no healing was found.
Among the patients who did not have both SNPs, in 40 cases healing, in 3 cases no healing
was detected. No correlation was found between the occurrence of both SNPs and wound
healing (p=0.211). Out of the 65 patients about whom data were collected concerning
recurrences, 27 patients carried both SNPs. Out of these patients, in 17 cases recurrences,
and in 10 cases no recurrences were noted down. Among the patients who did not have
both SNPs, in 14 cases recurrence, in 24 cases no recurrence was recorded. A significant
association was found between the occurrence of both IL-1A 889 T and IL-1B+3953T
SNPs and recurrences (p=0.034). Out of the patients who had one recurrence, 11 patients
carried both SNPs. who had two recurrences, 3 patients had both SNPs. The patient with
5 recurrences did not carry both IL-1A-889T and IL-1B+3953T SNPs. An association
was detected between the carrier of both IL-1A 889T and IL-1B+3953T SNPs and the

number of recurrences (p=0.026). The results are shown in Figure 6.
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Figure 6: A significant association was detected between the separately carrying of the
examined SNPs and recurrences (p=0.06) (62)

C, Out of the patients who were surgically treated 6 patients were homozygotic for the
IL-1B+3953T SNP, 33 heterozygotic for the IL-1B+3953T SNP and 38 carried no IL-
1B+3953T SNP. Out of the 6 patients who carried IL-1B+3953T SNP on all copies of the
IL-1B gene, 6 patients had stage improvement and no patients were detected with no stage
improvement. Out of 33 patients who carried IL-1B+3953T SNP on one of the copies of
the IL-1B gene, stage improvement was found among all 33 patients. Out of the 38
patients who carried IL-1B+3953T SNP on none of the copies of the IL-1B gene, 37
patients were detected with stage improvement and in one case no stage improvement

was discerned. No association was found between the carrying of the IL-1B+3953T SNP
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on all, one or none of the copies of the IL-1B gene and stage improvement (p=0.595). Out
of the 6 patients who were homozygotic for the IL-1B+3953T SNP, in 5 cases healing, in
one case no healing was observed. Among the patients heterozygotic for the IL-
1B+3953T SNP, in 26 cases healing, in 5 cases no healing was detected. Out of the
patients who carried no 1L-1B+3953T SNP on none of the copies of the IL-1B gene, in
35 cases healing, in 3 cases no healing was found. No connection was detected between
the carrying of the IL-1B+3953T SNP on all, one or none of the copies of the IL-1B gene
and healing (p=0.396). Out of the patients who were homozygotic for the IL-1B+3953T
SNP, in 4 cases recurrence, in 2 cases no recurrence was discerned. Out of the patients
who were heterozygotic for the IL-1B+3953T SNP, in 16 cases recurrence, in 9 cases no
recurrence was noticed. Out of the patients who carried no IL-1B+3953T SNP on none
of the copies of the IL-1B gene, in 11 cases recurrence, and in 23 cases no recurrence was
found. A significant association was detected between the carrying of the IL-1B+3953T
SNP on all, one or none of the copies of the IL-1B gene and recurrence (p=0.034). The
result is shown on Figure 7. Out of the patients who were homozygotic for the IL-
1B+3953T SNP, one patient had 1 recurrence and one patient had 2 recurrences. Among
the patients who were heterozygotic for the IL-1B+3953T SNP, in 10 cases 1 recurrence,
in 4 cases 2 recurrences were observed. Out of the patients who carried no 1L-1B+3953T
SNP on none of the copies of the IL-1B gene, in 3 cases 1 recurrence, in 5 cases 2
recurrences and in 1 case 5 recurrences were noticed. No connection was detected
between the carrying of the IL-1B+3953T SNP on all, one or none of the copies of the
IL-1B gene and the recurrence number (p=0.126).

No relapses
Relapses

No recovery
Recovery

NO Stage §MPFOVE M€ Nt (]
Stage iMProveMent L I S i ——
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heterozygous for IL-1B SNP ® homozygous for IL-1B SNP ® homozygous for wild allelic variant

Figure 7.: A significant association was detected between the carrying of the IL-
1B+3953 T SNP on all, one or none of the copies of the IL-1B gene and recurrence
(p=0.034) (62)



D, Out of the patients who were surgically treated 6 patients were homozygotic for the
IL-1A-889T SNP, 37 heterozygotic for the IL-1A-889T SNP and 34 carried no IL-1A
889 T SNP. Out of the 6 patients who carried IL-1A 889 T SNP on all copies of the IL-
1A gene, 6 patients were detected with stage improvement and no patients were detected
with no stage improvement. Out of 37 patients who carried IL-1A 889T SNP on one of
the copies of the IL-1A gene, stage improvement was noticed in all cases. Out of the 38
patients who carried IL-1A-889T SNP on none of the copies of the IL-1A gene, 37
patients were detected with stage improvement, while in 1 case no stage improvement
was found. No association was detected between the carrying of the IL-1A-889 T SNP
on all, one or none of the copies of the IL-1A gene and stage improvement (p=0.527).
Out of the 6 patients who were homozygotic for the IL-1A-889 T SNP, in all cases healing
was observed. Among the heterozygotic patients for the IL-1A-889T SNP, in 30 cases
healing, in 5 cases no healing was observed. Out of the patients who carried no IL-1A-
889T SNP on none of the copies of the IL-1A gene, in 31 cases healing, in 3 cases no
healing was found. No connection was detected between the carrying of the IL-1A-889 T
SNP on all, one or none of the copies of the IL-1A gene and healing (p=0.553). Out of
the patients who were homozygotic for the IL-1A 889T, in 3 cases recurrence, in 3 cases
no recurrence was discerned. Among the patients who were homozygotic for the IL-1A-
889 T SNP, in 18 cases recurrence, in 11 cases no recurrence was noticed. Out of the
patients who carried no IL-1A-889T SNP on none of the copies of the IL-1A gene, in 10
cases recurrence, and in 20 cases no recurrence was found. No association was detected
between the carrying of the IL-1A-889 T SNP on all, one or none of the copies of the IL-
1A gene and recurrence (p=0.087). Out of the patients who were homozygotic for the IL-
1A-889T SNP, 2 patients had 1 recurrence. Out of the patients who were heterozygotic
for the IL-1A-889T SNP, in 9 cases 1 recurrence, in 6 cases 2 recurrences, and in 1 case
5 recurrences were noticed. Out of the patients who carried no 1L-1A-889T SNP on none
of the copies of the IL-1A gene, in 4 cases 1 recurrence, in 4 cases 2 recurrences were
found. No connection was detected between the carrying of the IL-1A 889T SNP on all,
one or none of the copies of the IL-1A gene and recurrences (p=0.324).

E, As described in the materials and methods section, 9 combinations of carrying the IL-
1A-889T or IL-1B+3953T SNPs on one or two copies of the genes were also tested

regarding the prognosis of the disease. Out of the patients who were treated with surgical
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therapy and carried SNP on any copy of the genes, only 7 combinations were found and
the most frequent combination was being heterozygotic for IL-1A-889T and IL-
1B+3953T SNPs, which occurred among 27 patients. Among the 27 patients, in all cases
stage improvement, in 20 cases healing, in 5 cases no healing, in 12 cases recurrences and
in 8 cases no recurrences were detected. Among the 27 patients, in 8 cases 1 recurrence,
and in 2 cases 2 recurrences were noticed. The second most frequent combination was
being heterozygotic for IL-1A-889T and homozygotic for the wild allele of IL-1B. This
combination was presented in 8 cases. Among the 8 patients, in all cases stage
improvement, in all cases healing, in 4 cases recurrences and in 3 cases no recurrences
were detected. Among the 8 patients, in 3 cases 2 recurrences, and in 1 case 5 recurrences
were noticed. The other 4 combinations that were detected in this group: homozygosity
for both I1L-1A-889T and IL-1B+3953T on all of the copies of the two genes (4 cases,);
in the case of IL-1A gene, heterozygosity for IL-1A 889T and in the case of IL-1B gene,
homozygosity for IL-1B+3953T (3 cases); in the case of IL-1A on all copies, it carried
wild allele and in the case of IL-1B, heterozygosity for IL-1B+3953T (5 cases,); in the
case of IL-1A on all copies it carried IL-1A- 889T and in the case of IL-1B gene,
heterozygosity for IL-1B+3953T (2 cases). In the 4 combinations, stage improvement and
healing were detected in all cases. In the case of the combination of homozygosity for
both IL-1A-889T and IL-1B+3953T on all of the copies of the two genes, in 3 cases
recurrences and in 1 case no recurrences were detected. In the case of the combination
with IL-1A gene being heterozygotic for IL-1A-889T and in the case of IL-1B gene, being
homozygotic for IL-1B+3953T, in 2 cases recurrences, in 1 case no recurrence was
noticed. In the combination with IL-1A on all copies carrying wild allele and in the case
of IL-1B with heterozygosity for IL-1B+3953T, in 3 cases recurrences and in 1 case no
recurrence was found. In the case of the combination of IL-1A on all copies carrying IL-
1A-889T and in the case of IL-1B gene with heterozygosity for IL-1B+3953T, in 1 case
recurrence and in 1 case no recurrence was detected. The number of recurrences in the
cases of the 4 combinations is also shown in Table 6. No association was detected
between the combinations and stage improvement (p=0.939), healing (p=0.578),

recurrences (p=0.128) and the number of recurrences (p=0.49).

50



4.1.3. Examination of the defined SNP’s effect on the necrosis features

In this part of the study, the IL-1A-889T and IL-1B+3953T SNP’s effect on the necrosis
features was examined in the experimental group, among patients who suffered from
MRONJ. The examined features were the stage at the time of the diagnosis, the
localisation of the affected bone area, and whether tooth extraction triggered the
development of the necrosis. The affected bone localisation was analysed according to
jaw, jawbone region and quadrant. The data about these features are included in Table 7.
The genetic results were evaluated as described in the materials and methods section.

The results are shown in Table 7. Any of the defined SNPs’ affect the necrosis features.
Only the most frequent combination (heterozygotic for IL-1A 889T and IL-1B+3953T
SNPs) is shown in Table 7. from the 9 combinations, due to the low case number and
through them the statistically irrelevant result. In several steps in the analysis, statistically
irrelevant result is detected due to the low case number in subgroups. These statistical

results are shown in parenthesis in Table 8.

Table 8: Examination of the defined SNPs’ effect on the necrosis features (62)

examination of the necrosis features (number of patients)
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a, the occurrence of the SNP on any copy of any of the two genes
4 39| 7 | p=0.67| 11 |34 | p=0.34 | 12 |36 | p=0.57 | 42 | p=0.65
b, the occurrence of SNP in the given loci of any copi separately and together
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1A gene 4 34| 7 |p=080| 9 |31|p=0.46| 10 |33 | p=0.75 | 38 | p=0.82
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examination of the necrosis features (number of patients)

Stage Localisation Localisation Extraction
(jaw) (regio)
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¢, the examined SNP is carried on all or one or none copies of the IL-1B gene
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e, in the given locus of IL-1A gene (IL-1A-889) and IL-1B gene (IL-1B+3953) on each
copy what allelic variant is carried
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4.1.4. Examination of the SNP’s probable effect on the prognosis of MRONJ combined

with anamnestic and therapeutic data

The SNP’s probable effect combined with anamnestic and therapeutic data on the
prognosis of MRONIJ were tested with logistic regression. No necrosis features or the
anamnestic or therapeutic data were found which combined with SNPs affect the

prognosis of the disease.

4.2. The results of the second, PRF study

The second study tested the effectiveness of surgical therapy supplemented with the

application of platelet-rich fibrin membrane on the prognosis of the disease. The effect of
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A-PRF usage on the prognosis of MRONJ was examined by comparing the prognostic
features, such as stage improvement, healing, type of healing, recurrences and the number
of recurrences in the experimental and control groups. In the comparison group, the
patients were treated with traditional surgical therapy. In the experimental group,
traditional surgical treatment was supplemented with A-PRF membrane application. The
study also investigated the effect of the necrosis features and the anamnestic and

therapeutic data on the outcome of the PRF-supplemented surgical therapy.

4.2.1. Experimental group and comparison group

82 patients diagnosed with MRONJ and treated with surgical therapy were included in
the study. 38 patients were randomized to the experimental group and 44 patients to the
comparison group. In both anamnestic and therapeutic patient data were registered. The
parameters examined in the study are indicated in Table 8. There were no statistically
detectable differences in the registered parameters within the groups (61). Both groups
were homologous in terms of the parameters listed in Table 9 (61).

Table 9: Anamnestic and therapeutic data of experimental and control group

Anamnestic and therapeutic Patient Control Difference
dates group group
Number of the patients 38 42
Average age 69.96 71.38 p=0.913
Male: Female 15:23 10:34 p=0.080
Underlying disease
Breast tumor 14 23 p=0.168
Prostate tumor 11 6
Multiple myeloma 5 10
Osteoporosis 4 2
Pulmonary tumor 2 0
Other tumors 3 2
Diabetes mellitus 8 8 p=0.479
Chemotherapy 24 31 p=0.215
Steroid therapy 15 18 p=0.543
Hormone therapy 24 24 p=0.226
Method of bisphosphonate p=0.061
administration
intravenous or injection 26 36
per 0s 3 0
both 2 7
The type of bisphosphonate
zoledronate 18 24
ibandronate 8 10 p=0.279
clodronate 0 1
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Anamnestic and therapeutic Patient Control Difference
dates group group
aledronate 1 0
risedronate 1 0
Other antiresorptive drugs 14 13 p=0.320
Smoking 6 11 0.229
Extractions before the development of 25 22 p=0.100
the necrosis
Localization (jawbone) p=0.551
Upper jaw 16 15
Lower jaw 19 27
Both 3 2
Localization (quadrant) p=0.811
1 11 11
2 3 6
3 8 12
4 7 11
Multiple quadrants 42
Localization (regio) 0.073
Front -premolar region 20 14
Premolar-molar region 18 30
Stage (at diagnosis) 0.442
1 2 1
2 31 33
3 5 10

4.2.2. Examination of the A-PRF usage effect on the prognosis of MRONJ

Stage improvement was detected in 38 cases (100%) in the experimental group and in 38
(86.36%) cases in the comparison group following the surgical therapy. Regarding the
stage improvement, the experimental group’s results were significantly better than the
comparison group’s outcomes (Fisher’s Exact Test, p=0,020) (Figure 8).

Healing was found in 68 cases (83.95%), in the experimental group 36 (97.29%) cases
and in the comparison group 32 (72.72%) cases. Insufficient wound healing was detected
in the experimental group in 1 case (2.7%) and in the control group 12 (27.27%) cases.
Primary wound healing was seen in the experimental group in 27 cases (75.00%) and in
the control group in 19 cases (57.57%). Secondary wound healing was discerned in the
experimental group in 9 cases (25%) and in the comparison group in 14 cases (42.42%).
A significant difference was found between wound healing of the comparison group and
the experimental group (Fisher Exact Test, p=0.002). The results of healing in both groups
are shown in Figure 8.

In the experimental group, primary or secondary intention wound healing was detected in
36 patients, out of whom in 10 (27.77%) cases recurrences were found. In this group, no
relapses were developed in the follow-up period in 26 (72.22%) cases. In the comparison
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group, relapses were discerned in 18 (54.54%) cases after wound healing. No relapses
were found in this group during the follow-up period in 15 (45.45%) cases. Out of patients
who experienced relapses, in the experimental group 1-3 relapses, in the comparison
group 1-5 relapses were detected. Significantly fewer relapses were observed in
significantly fewer cases in the experimental group than in the comparison group (Fisher
Exact Test, p=0.022) The difference in relapses between the two groups is shown in

Figure 8.

Figure 8.: The effect of PRF-supplemented therapy to the prognosis of MRONJ
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In the experimental group, among patients treated with A-PRF-supplemented surgical
therapy, significantly better results were detected in terms of stage improvement and
healing, and significantly fewer relapses were found than in the comparison group.

4.2.3. Examination of the effect of the necrosis features, the anamnestic and therapeutic

data on the outcome of the PRF-supplemented surgical therapy

The necrosis features, the anamnestic and therapeutic data on the outcome of the PRF-
supplemented surgical therapy were tested with logistic regression. No necrosis features
or the anamnestic or therapeutic data were found which affect the outcome of the PRF-

supplemented surgical therapy.
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5. Discussion

Although MRONJ develops in only 0.01-19% of patients treated with antiresorptive
therapy, the prognosis of the disease is so unfavourable and the disease causes such a
decrease in the quality of life of patients that clarifying the factors that play a role in the
development and prognosis of the disease is important (1, 113). Clarifying these factors
may help develop more elaborate preventive and treatment strategies, open the possibility
of working out and applying new and more effective treatment options, and help identify
details in the pathomechanisms of MRONJ (41). Since the first description of the disease,
several factors have been identified that are associated with the development and
prognosis of MRONJ. Based on publications, some factors seem to be related to the
development of the disease, such as the underlying disease, the type and duration of
antiresorptive therapy, anatomic factors and so on (119-121). Factors that show an
association with the prognosis of the disease according to publications among others are
the treatment type, multiple myeloma as the underlying disease, the staging of MRONJ
(59, 68, 122, 123).

In the last 10-15 years, the possibility that genetic factors play a role in the development
and the pathomechanism of the disease has been considered. Several studies were
published that investigated the probable genetic factors in the development of MRONLJ.
The AAOMS recommendation in 2022 highlighted the investigation of the SIRT1 gene’s
SNPs in MRONJ (1). In this investigation, Yang et al. found that the upregulation of the
SIRT1 gene due to SNPs in the promoter region led to a lower presence of MRONJ (124).
Several other genes” SNPs have also shown an association with the development of
MRONJ in publications, such as ESR1, PPAR gamma, RBMS3, CYP2C8, COLI1A,
RANK, MMP2, OPG, OPN, MHC Il, FDPS and VEGF (125-128). Some of these SNP’s
role in the development of MRONJ is controversial. Guo et al. found no association
between CYP2C8 and PPARG and the development of MRONJ (129). However, English
et al., Balla et al. and Such at al. detected an association between CYP2C8 and the risk
of MRONJ (130-132). Arduino et al. couldn’t identify the connection between the
development of MRONJ and the same VEGF’s SNPs that Choi et al. investigated in 2015
(133, 134). Yang et al. and Nicoletti et al. in their genome-wide association studies also
detected a connection between the development of the disease and rs2736308 on
chromosome 8 and RBMS3 gene’s defined SNP (124, 126). Only a few whole genome
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and whole exome studies have been published that examined the genetic background of
MRONUJ. In one of them, Yang et al. found that SIRT1/HERC4 Locus SNPs are associated
with BRONJ (108). Until now, only a few studies have been published that examine the
potential role of genetic factors in the prognosis of MRONJ. Kim et al. identified an
association between KRT18 and PABPC3 genes’ nine SNPs and MRONJ recurrences in
their whole exome sequencing study on 10 patients (135). Bojtor et al. found a significant
association between SIRT1’s SNP and the stage improvement after surgical therapy in
MRONJ (20).

No study has been published on examining Interleukins’ genetic variants, including
Interleukin-1 SNPs, in the development and prognosis of MRONJ. The hypothesis of this
study was based on the one hand on IL-1’s regulatory role in bone remodeling, immune
response and the inflammatory process, which are presumed to be factors in the
pathomechanisms of MRONJ. On the other hand, the SNPs of the IL-1A and IL-1B genes
have been described in several autoimmune and inflammatory diseases, such as
rheumatoid arthritis and chronic periodontitis (136-138).

The studied population in this examination according to demographic factors, such as age
and gender, corresponds with the other studies that investigated the genetic
predisposition of MRONJ (41). Some studies described a gender ratio similar to this
examination (139, 140). In respect of the underlying disease, the data recorded in this
study do not correspond to the results of other genetic investigations. Based on the data
aggregated by da Silva et al., in genetic predisposition examinations, the most common
underlying disease is multiple myeloma (50.4%) (41). The second and third most
common are prostate cancer (17.4%) and breast cancer (17.9%) (41). The most common
underlying diseases are breast cancer (29.5%), prostate cancer (29.5%) and osteoporosis
(17.9%) (41). Multiple myeloma is detected only in 9% of the patients (41). The
distribution of the underlying diseases is diverse in the publications depending on the
studied population. Based on multicentric studies and systematic reviews, solid tumors in
approximately 50-60%, multiple myeloma in approximately 20% and osteoporosis in
approximately 15% are described as the underlying disease in patients’ anamneses (139,
141). Some studies described a proportion of patients suffering from multiple myeloma
similar to this study (142). Diabetes mellitus is registered in 14.1% of the patients, which
is similar to the ratios recorded in other studies published on MRONJ (141-143). All
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patients received bisphosphonate therapy, and in 26.3% of the patients, the
bisphosphonate therapy was changed to denosumab after a certain treatment time. In most
published studies, the proportion of zoledronate and denosumab administration is the
same as in this study (139). The most administered BPs were zoledronate (71.6%) and
ibandronate (11.4%). Other BPs, such as pamidronate, alendronate, risedronate and
clodronate, were used only in 1-3% of the patients. The most frequently administered
bisphosphonate in publications is zoledronate, which is used in 60-70% of the cases (144).
The administration ratio of other BPs is varied in publications, used as follows:
pamidronate in approximately 7-14%, ibandronate in approximately 3.7-6%, alendronate
in approximately 9%, and risedronate in approximately 3% (139, 144). Based on the data
aggregated by da Silva et al., in genetic predisposition examinations, the most
administered BP was zoledronate (68.8%) and the proportion of other BPs administered
was like those published in other studies (41). Antiresorptive therapy was administered
intravenously or in injections in 84.6% and orally in 11.5% of patients. The average
administration time of BPs until the occurrence of the disease was 44.7 months. The data
in this studied population on the administration form and time of BPs are matched with
data recorded in other publications concerning MRONJ (143, 145). 52.6% of the patients
received hormonal/endocrine therapy, 37.2% were treated with steroids and 70.5% of the
patients received chemotherapy in connection with the treatment of the underlying
disease. The data on hormonal, steroid and chemotherapy published in other papers are
compared with the data recorded in this study (139). Tooth extraction or oral surgery
procedures preceded the occurrence of MRONJ in 82.1% of the cases. Tooth extractions
are registered in a lower percentage of cases before the occurrence of MRONJ in the
publications, in approximately 50% of the patients (139, 143, 144). The patients were
diagnosed with MRONJ in stage 1 in 3.8%, in stage 2 in 78.2% and in stage 3 in 17.9%.
The published studies reported diverse proportions of the disease stage at diagnosis. In
several studies, the proportion of patients diagnosed with stage 1 is higher and stage 2 is
lower than in this studied population (139, 141). Some studies reported stage ratios similar
to this study (144). The surgical site was healed in 88.6% of the cases and recurrence was
detected in 41.7% of the patients who healed after the operation. The surgical site is
healed in 53.4%-84.6% of the cases in the investigations published on MRONJ (54). The
proportion of healing after surgical therapy in this studied population is slightly higher
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than the published. In publications, the recurrence rate is between 11.8% and 45% (55,
59, 146). The proportion of recurrences in this study corresponds to the data in the
literature.

The defined IL-1A and IL-1B polymorphisms occur in 58.66% of the patients. In the
experimental group, the presence of SNPs is 56.04%, and in the comparison group it is
72.54%. IL-1A-889 T was detected in 46 (50.54%) cases in the experimental group and
in 31 (52.54%) cases in the control group. The presence of IL-1B+3953T SNP is 46.6%
in the studied population. IL-1B+3953T SNP was evincible in the patient group in 40
(43.95%) cases and in the control group in 30 (50.84%) cases. Although no study has
been published on IL-1 polymorphisms in osteonecrosis, several studies have examined
IL-1 SNPs in other diseases. Some of these studies tested the occurrence of IL-1
polymorphisms in an experimental group compared to a control group, so these
publications provided data about the presence of SNPs in the healthy population.
Brodzikowska et al. examined IL-1A—889 and IL-1B+3953 SNPs in the Polish population
concerning periodontitis. In the comparison group, which was comprised of healthy
people, the presence of IL-1A-889T was 40%, and the occurrence of IL-1B3954T was
30% (147). Cardoso et al. investigated the defined SNPs concerning peri-implantitis in a
Portuguese population. In the control group, the presence of the IL-1A-889 SNP was 15%
and 1L-1B+3953 was 10% (148). Wagner et al. tested patients with chronic periodontitis
compared to the control group in the Caucasian population. In the comparison group, the
patients carried IL-1A-889T in 53% and IL-1B+3953 in 43% (149). Zhang et al.
published a meta-analysis in 2010, which investigated several polymorphisms in
Interleukin-1 concerning sepsis in Caucasian and Asian populations based on the
aggregation of the results of several publications (86). In Zhang et al.’s meta-analysis,
which was based on Davis et al.’s publication, IL-1A-889T was present in the control
group in 53.84% in the Caucasian population (86) (150). In Johnson et al.’s publication
IL-1B+3953T was present in the control group in 39.92% in the Caucasian population
(151). The occurrence of the defined SNPs corresponds to the other studies, but in the
control group the proportion of SNPs, mainly in the case of IL-1B+3953, is higher than
in the published studies.

Only a few studies have been published until now about the connection between
Interleukin-1 and MRONLJ. Bagan et al. tested the amount of IL-1a, IL-1RA and IL-1B
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cytokine in saliva among patients with MRONJ and without MRONJ (152). In their study,
the values of IL-1pB cytokine in saliva showed a significant difference in the MRONJ
group compared to the group without MRONJ (152). Barros Silva et al. examined cell
profile and proinflammatory markers in an animal model of BRONJ (153). IL-1p positive
cells showed dose-dependent increases in the zoledronic acid-treated group in the study
(153). Endo et al. published their animal study in 2017, which examined mice treated
with intraperitoneal injected nitrogen-containing bisphosphonates (154). They found that
LPS-induced histone decarboxylase induction is enhanced through increased production
of IL-loo and IL-1B. In IL-1-KO mice, the inflammatory reaction induced by
intraperitoneal nitrogen-containing bisphosphonates is very mild or undetectable (154,
155). This research group found in their investigation (published in 2009) that
intraperitoneally, alone administered amino bisphosphonate caused no elevation in IL-1a,
IL-1 B and TNFa serum levels (156). If the LPS injection was used 3 days after the amino
bisphosphonate injection, increased serum levels of IL-1a and IL-1 B were detected (156).
This study also notes that bone marrow and spleen cells taken from amino
bisphosphonate-treated mice substantiate IL-1p spontaneously and its production is
enhanced after a lipopolysaccharides injection (156). From the same research group,
Yamaguchi et al. also described in their publication in 2000 that they measured HDC
activity in mice injected with lipopolysaccharides from Escherichia coli and Prevotella
intermedia (gram-negative bacteria have a role in periodontitis and endodontic infections)
(155). If LPS and aminoBP were administered to mice, elevation in IL-1o and IL-1
serum levels and HDC activity in various tissues were detected (155). In IL-1 knock-out
mice a small or undetectable immune response was experienced. Based on this
investigation, the role of gram-negative bacteria arises in the pathomechanism of MRONJ
(155). In a study, published in 2009, Deng et al. examined the proinflammatory cytokine
production of Porphyromonas gingivalis and Tannerella forsythia (gram-negative
bacteria have a role in periodontitis) infected macrophages in a mouse macrophage-like
cell line in groups treated with nitrogen-containing bisphosphonate (alendronate) and
non-nitrogen containing bisphosphonate (clodronate). In the group treated with nitrogen-
containing bisphosphonate elevated IL-1p production was measured, in contrast, in the

clodronate-treated group no IL-1p increase was detected (157).
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IL-1a and IL-1P cytokines play a role in the initiation and regulation of the inflammatory
process (62, 72). IL-1a and IL-1p incite the production of transcription factors, MAPKs,
ERKSs, interferon-regulating genes, cytokines, chemokines, interferons and
prostaglandins, and the activation of T-helper cells and the migration of immune cells to
tissues (72, 158). The IL-1A and IL-1B SNPs through structural changes in translated
proteins cause changes in protein function and interactions with other proteins. The SNPs
of the IL-1A and IL-1B genes can change IL-1a and IL-1pB cytokine production and
interactions with other proteins that can lead to an altered immune response to pro-
inflammatory signals (84). IL-1, produced during the immune response, stimulates
osteoclasts, and therefore affects bone metabolism (159, 160).

In the study, a significant correlation was found between two examined single
polymorphisms and the presence of recurrences (62). In light of the results of this study,
it can be assumed that the examined SNPs, through influencing the immune response and
bone turnover, play a role in the occurrence of the relatively high relapse rate.

The limitations of this study are the relatively small number of patients, the attainability
of quality patient data in databases, and the assumed multifactorial and unclear
background of the disease (62). Within the possible limitations of this study, it can be
assumed that the analysis of the defined SNPs of Interleukin-1 may help define the risk
stratification of MRONJ after surgical therapy and provide available procedures to
identify IL-1 polymorphisms in order to predict a higher risk of MRONJ relapses (62).
In the second study, the surgical therapy is supplemented with A-PRF addition. The
hypothesis of this study is based on the fact that surgical therapy is the first choice among
treatment options, however, operative therapy leads to healing in only 53.4-84.6% of the
cases, and PRF is applied in several oral and maxillofacial procedures successfully to
improve the recovery effectiveness (1, 54, 65). Another assumption of this study was that
PRF application may also reduce the occurrence of recurrences. This supposition is based
on the studies that described the development of recurrences after surgical therapy as
associated with the type of healing among other factors (60, 66). Kang et al. in their study
published in 2018 found that in the case of primary healing, the recurrence rate is 11.8%
and in the case of secondary healing the recurrence rate is 45% (146). Recurrences and
non-healing necrotic bone parts cause a significant decrease in patients’ quality of life

due to repeated intraoral or extraoral discharge, the loss of teeth, possible facial
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deformities, and speaking and eating difficulties (1, 62). The treatment of relapses and
non-healing necrotic bone parts after surgical therapy is a major challenge in clinical
practice. Recurrences and non-healing necrotic bone parts that occur after surgical
therapy require repeated or long-term antibiotic administration, which may cause
antibiotic resistance increases and may necessitate the administration of antibiotic
combinations. Recurrences diminish the amount of soft tissue that can be used for primary
wound closure during recurrences. The scarring of the surgical site resulting from
previous operations also makes the operation difficult. Because of this factor, the chance
of wound dehiscence increases and the healing of the surgical site is reduced furthermore
(62). Non-healing bone parts can lead to largely extended osteonecrosis, and may only be
repaired with reconstructive operations, which pose a greater risk to patients.

The study involved 81 patients. The patients’ data according to anamnestic and
therapeutic data and necrosis features corresponded with the data of other studies that
investigated the MRONJ (139, 141, 143-145, 161, 162).

The surgical site was healed in 83.6% of the cases and recurrence was detected in 40.57%
of the patients who healed after the operation. The healing proportion and the recurrence
rate correspond to the data in the literature (54, 55, 59). Stage improvement was observed
in 100% of the group treated with PRF-supplemented surgical therapy, and 86.36% in the
group treated with conventional surgical therapy. In the experimental group, the healing
is 94.6%, and in the group treated with conventional surgical therapy, it is 75%.
Recurrences occurred in 25.71% of the cases in the group treated with PRF-supplemented
surgical therapy, and in 55.88% in the group treated with conventional surgical therapy.
In the patient group, which was treated with PRF-supplemented surgical treatment,
significantly better results were detected in terms of wound healing and stage
improvement, and significantly lower recurrences were observed than in the control group
(61).

Until now, few original articles and systematic reviews have been published on the
application of PRF in the surgical therapy of MRONJ. The original articles are case
reports and prospective cohort studies with the inclusion of 14-45 patients. All the studies
described successful treatment with PRF supplementation and the cohort studies found
an increase in treatment effectiveness regarding healing (163, 164). According to a

systematic review published by Bracher et al. in 2021, the summarised results of studies
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show that wound healing after PRF-supplemented surgical therapy 92.8% (162).
Murioz-Salgado et al. in their systematic review and meta-analysis described 94.3%
complete healing after PRF-supplemented surgical treatment based on the summarized
results of publications (161). The results of this study correspond to the outcomes of
original articles and systematic reviews.

The exact mechanism of PRF’s positive effect on the healing of MRONI is unclear, only
assumptions are available. Ruggiero et al. in their article hypothesised that this effect is
due to PRF stimulating bone and mucosal healing (1). The effect of PRF is partly
attributed to ensuring mechanical stability to wounds and partly to compensating the
mechanisms which have a role in the development of the disease, for example, by
stimulating bone modelling and local angiogenesis, and by regulating local immune
mechanisms. According to theories, bone remodeling inhibition, through the direct effect
of Dbisphosphonates on osteoclast and through the effect of denosumab on
RANK-RANKL binding, plays a role in developing MRONJ (11). PRF contains growth
factors in the alpha granules’ platelets, which regulate the signalling pathways of mature
mesenchymal stem cells, osteoblasts and endothelial cells through stimulating osteoid
modelling and intercellular matrix production (165, 166). Nitrogen-containing BPs
decrease the production of VEGF and impede the proliferation, migration and adhesion
of endothelial cells (34, 167). PRF contains, among other growth factors, such as VEGF,
FGFb and PDGF. Infections, inflammation and immune dysfunction also have an
assumed role in the development of MRONJ. The fibrin and the fibrin degradation
products (FDP) in PRF stimulate transendothelial cell migration, neutrophil granulocytes
phagocytosis and intracellular enzymatic breakdown mechanisms in immune cells, and
through them incite local immune mechanisms (34, 167). Nitrogen-containing BPs have
a direct toxic effect on epithelial cells and macrophages, thus damaging the integrity of
oral mucous membranes and decreasing healing (136). PRF membranes create a matrix
and provide mechanical stability to wounds, and thus presumably improve the exfoliating
ability of wounds despite impaired mucosal healing (168).

The limitations of this study are the low number of cases and the multifactorial and
unclear risk and prognostic factors of the disease. Going further, we plan to continue the
examination with 100 patients included in each group.
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6. Conclusions

The medication-related osteonecrosis of the jaw can significantly reduce patients’ quality
of life because of the pain, the constant discharge from extraoral and intraoral fistulas,
paresthesia, halitosis, difficulty in chewing and speaking, oro-antral and oro-nasal
communications and facial deformity (1, 15). MRONJ can cause abscesses or phlegmon,
which are life-threatening complications of the disease.

From the first description of the disease in 2004, many studies have been published about
the pathomechanism, the risk and prognostic factors and the treatment options and
strategies of the disease. Despite these investigations, the exact pathomechanism process
of the disease, and the risk and prognostic factors have not been clarified. The treatment
that provides guaranteed success and recovery in 100% of the cases is also unknown.
Therefore, the process of the pathomechanism, the risk and prognostic factors, and the
treatment options require further investigation. The clarification of the pathomechanism,
and the risk and prognostic factors may help in the risk classification of patients who
receive antiresorptive therapy and may contribute to preventing MRONJ and developing
new treatment options. The new, supplement procedures that are applied in addition to
surgical therapy, can improve the effectiveness of surgical treatment regarding healing
and recurrences.

In this thesis, two clinical studies are presented that | conducted during my doctoral
studies. The “Interleukin 1” study hypotheses that the IL-1A—889 (rs18000587) and IL-
1B+3953 (rs1143634) SNPs’ have a role in the development and prognosis of MRONLJ.
The results of the study’s four aims examination are:

Aim/Result 1/1:no association was found between the carrying of either examined

SNP and the development of MRONJ.

Aim/Result 1/2:no connection was discerned between the presence of SNPs and the stage

improvement and healing, but a correlation was detected between the occurrence of the
SNPs and the recurrences of MRONJ in several examined genetic aspects:
e A. Asignificant association was detected between the carrying of at least one
of the examined SNPs and recurrences.
e B. A significant connection was also shown between separate carrying of the
IL-1A-889 T SNP/ IL-1B+3953T SNP/both IL-1A-889 T and IL-1B+3953T

SNPs and the recurrences and the number of recurrences.
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e C. A significant correlation was observed between the carrying of the
IL-1B+3953 T SNP on all or one or none copies of the IL-1B gene and
recurrences.

In two genetic aspects no correlation was detected:

e (D. no association was found between the presence of the IL-1A-889 T SNP
on all or one or none copies of the IL-1A gene and recurrence)

e (E. No correlation was observed between the 9 examined combinations and
recurrences either)

Aim/Result 1/3: no association was detected between the SNPs and the stage at diagnosis,

the localisation of the affected area and tooth extraction before the development of
MRONJ.

Aim/Result 1/4: no anamnestic or therapeutic data or necrosis feature has shown an effect

in combination with SNPs on the prognosis of MRONLJ.

The “PRF” study hypothesises that the application of A-PRF improves the effectiveness
of surgical therapy in terms of wound healing and the prognosis of the disease. The results
of the second study’s two aims examination are:

AimResult 11/1: PRF-supplemented surgical therapy compared to conventional operations
significantly enhanced the stage improvement and healing after the intervention and
significantly decreased relapse rates.

(Aim/Results 11/2). No necrosis features or anamnestic or therapeutic data showed an
effect on the outcome in the case of PRF-supplemented surgical treatment.

Until now, no studies have been published about the Interleukin 1A and 1B SNPs’ role in
the development and prognosis of MRONJ (62). Until now, few articles have been
published on the use of PRF in the surgical therapy of MRONJ. Most of these studies
were case reports and case-control studies and included low number of patients The
results of these articles correspond to the observations of this study. Further investigations
are required to clarify the defined SNPs’ role in the development and prognosis of
MRONJ and the effect of PRF application on the surgical site’s healing and recurrences
of MRONJ after surgical treatment.
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7. Summary

The MRONJ can cause the patient’s significant reduction in quality of life, especially in
case of recurrences, can lead to facial deformity and life-threatening complications (1).
Until now, the exact process of pathomechanism, the risk and prognostic factors of the
disease, the treatment that provides recovery in 100% are not clarified. The process of
pathomechanism, the risk and prognostic factors and treatment options request further
investigations.

The ,,Interleukin 1” study aims to investigate the role of the IL-1A—889 (rs 18000587)
and IL-1B+3953 (rs 1143634) SNPs in the development and prognosis of MRONJ. No
correlation was found between the occurrence of either examined SNP and the
development of MRONJ. Also, no connection was observed between the presence of
SNPs and the stage improvement and healing after surgical therapy. On the contrary, an
association was detected between the SNP’s occurrence and the MRONJ’s recurrences in
several examined aspects. No connection was discerned between the SNPs and the
necrosis features. No anamnestic or therapeutic data or necrosis feature has shown an
effect in combination with SNPs on the prognosis of the MRONJ.

The ,,PRF” study aimed to observe the effect of A-PRF-supplemented surgical therapy
on the prognosis of MRONJ. The PRF-supplemented surgical therapy compared to the
conventional operation significantly increased the stage improvement and healing after
the intervention and significantly decreased relapse rates (61). No necrosis features or
anamnestic or therapeutic data showed an effect on the outcome in the case of PRF-
supplemented surgical treatment.

Interleukin 1 SNPs have never been tested in the development and prognosis of MRONJ
based on the literature. Only a few animal and human studies have been conducted until
now about the relationship between Interleukin 1 and MRONJ. A few articles have been
published about the application of PRF in the MRONIJ’s surgical therapy. The results of
these articles correspond to the observations of this study.

The results of these two studies in the future may help in the risk classification of patients
and preventing MRONJ, assist in the early diagnosis making and prevent the development
of high-stage MRONJ and succor to develop new treatment options and strategies which

are more effective than the now-known procedures.
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8. New statements of the thesis

Based on the publications in the literature, Interleukin 1 SNPs have never been tested in
the development and prognosis of MRONJ. The results of the “Interleukin 1” study,
described in this thesis are:

e A correlation was detected between the occurrence of the SNPs and the
recurrences of MRONJ (62)

o Asignificant association was detected between the carrying of at least one
of the examined SNPs and recurrences.

o A significant connection was also shown between separate carrying of the
IL-1A-889 T SNP/ IL-1B+3953T SNP/both IL-1A-889 T and
IL-1B+3953T SNPs and the recurrences and the number of recurrences.

o A significant correlation was observed between the carrying of the
IL-1B+3953 T SNP on all or one or none copies of the IL-1B gene and

e No association was found between the carrying of either examined SNP and the
development of MRONJ

e No association was detected between the SNPs and the stage at diagnosis, the
localisation of the affected area and tooth extraction before the development of
MRONJ

e No anamnestic or therapeutic data or necrosis feature has shown an effect in

combination with SNPs on the prognosis of MRONJ

In the “PRF” study which is randomized controlled trial with a higher number of patients

than in publications, we found:

e A-PRF-supplemented surgical therapy compared to conventional operations
significantly enhanced the stage improvement and healing after the intervention

and significantly decreased relapse rates

e No necrosis features, anamnestic or therapeutic data showed an effect on the

outcome in the case of PRF-supplemented surgical treatment
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