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Abstract

Medication-related osteonecrosis of the jaw (MRONJ) is an uncommon adverse drug reaction that can be induced by certain
therapeutic drugs, including antiresorptive and antiangiogenic agents. Here, we describe the first case of ONJ induced by
bosutinib, a tyrosine kinase inhibitor, in a patient with chronic myeloid leukemia (CML) who was not taking an antiresorptive
agent. A 65-year-old male with no history of either antiresorptive treatment or dental surgery but diagnosed with CML had been
undergoing treatment with bosutinib for 2 years. He developed right mandibular stage 2 osteonecrosis. The patient eventually
underwent extensive surgery consisting of removal of the necrotic bone and infected soft tissue in combination with nasolabial
flap reconstruction. He obtained complete resolution of MRONIJ at 12 months postoperatively. As new cancer therapies become
available, it is important that clinicians are aware of this novel case of bosutinib-induced ONJ in a patient undergoing CML

treatment.
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Introduction

Medication-related osteonecrosis of the jaw is a rare adverse
drug reaction that is characterized by progressive destruction of
the bone and that lowers the quality of life of affected individ-
uals [1]. The current definition of medication-related
osteonecrosis of the jaw (MRON]) is the presence of exposed
devitalized bone in the maxillofacial region for longer than
8 weeks in an individual who is currently undergoing or has
previously undergone treatment with an antiresorptive or
antiangiogenic agent, but who has no history of craniofacial
radiotherapy [1]. Although most cases of MRONJ develop after
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exposure to antiresorptive agents such as bisphosphonates and
denosumab [1], some recent MRONIJ cases occurred following
the treatment of cancer patients with tyrosine kinase inhibitors
(TKIs), a mammalian target of rapamycin (mTOR) inhibitor, or
monoclonal antibodies against vascular endothelial growth fac-
tor (VEGF), each of which has antiangiogenic effects [2—7].
Many MRONJ cases occur after dental trigger events such as
tooth extraction, denture sore spots, and dentoalveolar surgery,
but other cases develop spontaneously adjacent to periodontal
infection, periapical lesions, or dental implants [2, 3].

Bosutinib is a second-generation TKI of the Src/Abl sig-
naling pathway for the treatment of chronic myeloid leukemia
(CML) in patients who are resistant and/or intolerant to prior
therapy [8, 9]. We here describe the first case of a patient
receiving bosutinib for CML who developed MRONIJ with
no history of antiresorptive treatment and who was success-
fully treated with surgery.

Case report

In September 2018, a 65-year-old man was referred to the
Department of Oral Surgery from the Department of
Hematology of our institution for the evaluation of his long-
standing gingival pain in the right posterior mandible. He had
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Fig. 1 Clinical view at presentation revealing exposed necrotic bone with
gingival swelling

been diagnosed with CML in September 2015 and had been
treated with 400 mg of imatinib once daily as first-line che-
motherapy for 1 year. Subsequently, due to an insufficient
response of imatinib to CML, the patient had been subjected
to second-line chemotherapy with 500 mg of bosutinib once
daily for 2 years at the time of presentation. He had never been
exposed to antiresorptive agents such as bisphosphonates and
denosumab or radiotherapy during his chemotherapy. In ad-
dition, he took no other medications that could affect bone
remodeling, such as a steroid, during that time course.

At the time of the patient’s initial referral, the clinical ex-
amination revealed exposed necrotic bone in the lower right
molar region with an oval area 3 mm in diameter. There was a
purulent discharge and the surrounding gingiva was swollen
and erythematous (Fig. 1). A microbiological examination
revealed the presence of Streptococcus species that were sen-
sitive to amoxicillin. The patient had no related past dental
history other than an extraction of the right first and second
molars 10 years earlier. A panoramic radiograph revealed se-

questra, osteolysis, and a periapical lesion of the second
Fig. 2 Panoramic radiographic A
view at presentation revealing
sequestrum, osteolysis, and
periapical lesion of the second
premolar in the mandible
(arrowheads)
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premolar in the right posterior mandible (Fig. 2). These find-
ings were supported by computed tomography (CT) scans.
Osteonecrosis of the jaw was diagnosed, and the patient was
given a 1-week course of amoxicillin (250 mg orally 4 times
per day) with 0.5% povidone-iodine mouthwash. The infected
area was irrigated with a povidone-iodine rinse and injected
with 2% minocycline hydrochloride once a week.

Over the next 2 months, 2 courses of amoxicillin adminis-
tration and root canal treatment on the second premolar were
conducted, but the exposed bone did not improve. The
clinicoradiographic findings suggested MRONIJ related to
bosutinib, which was classified as stage 2 based on the
American Association of Oral and Maxillofacial Surgeons
(AAOMS) criteria [1]. However, due to the patient’s develop-
ment of arrhythmia, moderate pericardial and pleural effusion,
and fatigue during the chemotherapy for CML, he was unable
to undergo radical surgery at that time. The patient was re-
ferred to a cardiologist and started receiving 60 mg of
edoxaban, 5 mg of amlodipine, and 40 mg of furosemide once
daily. The above-described conservative treatments were also
continued.

In June 2019, after cardiovascular treatment, the patient
was admitted to the hospital and the bosutinib was temporarily
stopped for 3 weeks during the subsequent surgery. Under
general anesthesia, the second premolar with the periapical
lesion was extracted, and the necrotic bone was completely
removed. The periapical lesion was related to the osteolytic
lesion. The debridement of the infected soft tissue was per-
formed, causing a medium-sized defect (2 cm X 4 c¢m) in the
mandible (Fig. 3a). Since the poorly vascularized
mucoperiosteal tissue around the necrotic bone was inade-
quate for stable wound closure and for the prevention of the
relapse of MRONJ, a nasolabial flap was prepared to provide
sufficient well-vascularized soft tissue over the decorticated
bone for wound closure (Fig. 3b) [10].

The patient’s postoperative phase was uneventful after oral
intake was started. As the second stage, the division and inset
of the flap were performed 3 weeks after the initial operation,
and bosutinib administration was resumed. A histopathologi-
cal examination of the removed tissue confirmed the clinical
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Fig. 3 Operative view. a
Removal of the necrotic bone and
soft tissue. b Nasolabial flap inset

diagnosis of osteonecrosis and the absence of neoplastic cells.
At 12 months postoperatively, complete healing was observed
in the treated area (Fig. 4). On a CT scan, osteolytic lesions
were not identified in the posterior areas of the mandible. The
patient has been successfully continuing chemotherapy with
bosutinib for CML.

Discussion

There are currently three main classes of medications that are
capable of inducing ONJ independently of antiresorptive agents
such as bisphosphonates and denosumab. These are monoclo-
nal antibodies against VEGF (including bevacizumab), TKIs
(sunitib, sorafenib, lenvatinib, imatinib, and dasatinib), and an
mTOR inhibitor (everolimus); all these agents are thought to
have antiangiogenic effects and to cause impaired healing of
the bone [2-7]. In the reported cases of TKI-induced ONJ,
sunitib, sorafenib, lenvatinib, and dasatinib were found to in-
hibit the TKs of VEGF receptors, whereas imatinib inhibited
the TK of platelet-derived growth factor (PDGF) receptors as
an antiangiogenic agent [2—7].

Bosutinib is a potent second-generation TKI of the non-
receptor tyrosine kinase Src/Abl pathway [11]; it is used for
the treatment of CML in patients who are resistant and/or
intolerant to prior therapy including imatinib or dasatinib [8,
9]. There are four reported cases in which MRONJ may have
been associated with imatinib and two reported cases in which
MRON!J may have been associated with dasatinib in patients
with malignancies [2—4], but to the best of our knowledge, a
causal association between bosutinib and MRONJ has not
been reported. The most frequent adverse events due to
bosutinib are diarrhea, nausea, thrombocytopenia, rash, ane-
mia, fatigue, headache, hepatic toxicity, pericardial effusion,
pleural effusion, and edema [6]. There are no published re-
ports of MRONIJ as an adverse event related to bosutinib.

Although our patient had received imatinib for 1 year, ima-
tinib has a short half-life (18 h) and the patient’s imatinib
treatment had been discontinued 2 years before the occurrence
of mandibular osteonecrosis. In addition, in other reported

cases, the patients developed MRON]J during, not after, ima-
tinib treatment [3, 5]. Hence, the likelihood that imatinib
played an important role in the MRONI of our patient may
be negligible, suggesting that this is the first case report of a
patient with CML who developed MRON]J during bosutinib
treatment. In contrast to conventional chemotherapy, which is
given in courses over a defined period, bosutinib should be
given as a maintenance agent over a long period, sometimes
for years [8, 9], and our patient had been treated with bosutinib
for 2 years. The main mechanism by which bosutinib induces
ONIJ may be secondary to its cytotoxicity to osteoclasts and
osteoblasts via inhibition of the tyrosine kinase Src/Abl path-
way and consequent disturbance of bone remodeling
[11], but whether bosutinib inhibits VEGF activity re-
mains unclear [12].

The most common dental trigger events for MRONJ are
tooth extraction and dentoalveolar surgery, but recent evi-
dence suggests that periodontal and periapical infection may
also be risk factors, especially in patients who have been

Fig. 4 Postoperative view at 12 months revealing complete healing
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exposed to nonantiresorptive agents [2, 3]. Our patient had no
recent history of tooth extraction, but radiographic findings
revealed a periapical lesion of the second premolar close to
the osteolytic lesions in the mandible.

The optimal treatment strategy for MRON] is still contro-
versial, but recent systematic reviews have suggested that in
patients with stage 2 or 3 MRONYJ, extensive surgery (defined
as the removal of the necrotic bone, soft tissue, and surround-
ing bone) is more effective than conservative surgery (defined
as the removal of only the necrotic bone) or non-surgical
treatments [13]. Won et al. described the improvement of
mandibular osteonecrosis induced by dasatinib in a patient
with CML by non-surgical treatment, but complete healing
was not observed in their case [4]. Vivano et al. reported a
case of mandibular osteonecrosis related to imatinib in a pa-
tient with gastrointestinal stromal tumors; complete healing
was not obtained after the removal of only the necrotic bone
[5]. In contrast, a single case of dasatinib-induced mandibular
osteonecrosis in a patient with acute lymphatic leukemia
was reported in a retrospective cohort study; the patient
underwent extensive surgery and achieved complete
healing [3]. Lemound et al. recently reported that in
stage 2 and stage 3 MRON]J cases, wound closure using
nasolabial flaps dramatically improved the long-term results
compared to mucoperiosteal flap use only, with a success rate
of 68.8% vs. 18.7% [10]. In addition, another article also
described the superiority of the vascularized musculomucosal
flap to the mucoperiosteal flap in the surgical treatment of
mandibular MRONIJ [14].

Based on these reports and our previous experiences
[15, 16], we believe that ensuring sufficient soft tissue coverage
on the exposed bone after extensive surgery is essential to ob-
tain a successful outcome, and in our patient’s case, a nasolabial
flap was prepared for wound closure, providing excellent
healing under continuation of bosutinib use for CML.

In conclusion, we report what is to our knowledge the first
case of bosutinib-induced MRONI in a patient with CML in
the absence of antiresorptive treatment. Since new agents with
multi-target actions are applied in anticancer chemotherapy
every year, oral disease control therapy and regular dental care
should be an integral part of the management of patients with
complex medical conditions. In particular, a recent article sug-
gests that dentoalveolar surgery should be performed with the
full mucosal coverage of the surgical site in combination with
antibiotic treatment in patients receiving antiresorptive or
antiangiogenic agents to prevent MRONIJ [17]. We also sug-
gest that extensive surgery might play an important role for a
good bone healing process in advanced-staged MRONIJ in
patients with malignancies.
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