Journal of Endocrinological Investigation (2021) 44:2557-2566
https://doi.org/10.1007/540618-021-01634-0

SHORT REVIEW q

Check for
updates

Osteonecrosis of the jaw: a rare but possible side effect
in thyroid cancer patients treated with tyrosine-kinase inhibitors
and bisphosphonates

L. Lorusso'® . L. Pieruzzi' - M. Gabriele? - M. Nisi? - D. Viola - E. Molinaro' - V. Bottici' - R. Elisei' - L. Agate’

Received: 18 March 2021/ Accepted: 7 July 2021/ Published online: 21 July 2021
© The Author(s) 2021

Abstract

Osteonecrosis of the jaw (ONJ) is a rare but very serious disease that can affect both jaws. It is defined as exposed bone in the
maxillofacial region that does not heal within 8 weeks after a health care provider identification. ONJ can occur spontaneously
or can be due to drugs like bisphosphonates (BPS) and anti-RANK agents, in patients with no history of external radiation
therapy in the craniofacial region. Although in phase 3 trials of tyrosine kinase inhibitors (TKIs) used in thyroid cancer
(TC) the ONJ was not reported among the most common side effects, several papers reported the association between ONJ
and TKIs, both when they are used alone and in combination with a bisphosphonate. The appearance of an ONJ in a patient
with metastatic radio-iodine refractory differentiated TC, treated with zoledronic acid and sorafenib, has put us in front of
an important clinical challenge: when a ONJ occurred during TKIs treatment, it really worsens the patients’ quality of life.
We should consider that in the case of ONJ a TKI discontinuation becomes necessary, and this could lead to a progression
of neoplastic disease. The most important aim of this review is to aware the endocrinologists/oncologists dealing with TC
to pay attention to this possible side effect of BPS and TKIs, especially when they are used in association. To significantly
reduced the risk of ONJ, both preventive measures before initiating not only antiresorptive therapy but also antiangiogenic
agents, and regular dental examinations during the treatment should always be proposed.

Keywords Thyroid cancer - Sorafenib adverse event - Zoledronic acid - Tyrosine-kinase inhibitors therapy - Osteonecrosis
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Introduction least 8 weeks [1, 2]. This pathology is known since the end

of the nineteenth century, when it occurred, along with other
Osteonecrosis of the jaw (ONJ) is a rare but very serious  side effects, in some workers of matches-making factories
disease that can affect both jaws. It is a clinical condition  after the inhalation of pyrophosphate [3, 4]. Subsequently,
characterized by the presence of one or more bone necrotic  the association between ONJ and the use of intravenous bis-
lesions that are generally exposed in the oral cavity for at  phosphonate was for the first time reported in 2003 [1], and,
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since then, several other studies confirmed the association
of ONJ, not only with systemic but also with orally adminis-
tered bisphosphonates (BPS) [1, 2, 5]. In 2007 the American
Society for Bone and Mineral Research formulated the defi-
nition of BPS-related ONJ (BRONIJ) [6], but in 2014, since
new drugs able to causing ONJ were identified, the special
committee of the American Association of Oral and Max-
illofacial Surgeons (AAOMS) [7] suggested to change the
name from BRONIJ to medication-related ONJ (MRONJ).
In fact, drugs like anti-vascular endothelial growth factor
(VEGF), anti-RANK agents and tyrosine-kinases inhibitors
(TKIs) were demonstrated to be responsible of ONJ too,
both when they are used alone or in combination with BPS
[8-12].

ONJ: definition, incidence, and etiology

Recently the International Task Force on Osteonecrosis of
the Jaw [13] defined ONIJ as exposed bone in the maxillofa-
cial region that does not heal within 8 weeks after identifi-
cation by a health care provider. MRONIJ is the same bone
lesion that occurred in patients treated with an antiresorp-
tive agent and/or an anti-angiogenics, and with no history
of radiation therapy to the craniofacial region. ONJ/MRONIJ
can be spontaneous or can follow an alveolar trauma such
as dental extraction.

Since oncology patients with bone metastases are exposed
to more intensive osteoclast inhibition and to higher BPS
doses than those with osteoporosis, the incidence of ONIJ is
much higher in oncological patients and it ranges from 0 to
12,222 per 100,000 patients-years [14—16]. The prevalence
of ONJ in oncological patients treated with intravenous BPS
ranges from 0 to 0.186% [17, 18].

Although the pathophysiology of ONIJ is not well under-
stood, several hypotheses for explaining the development
of this avascular necrosis are available in the literature and
these include bone turnover suppression, bone infections,
impaired vascularization, immune system malfunction,
and oral mucosal damages. This could explain that every
drug that can interfere with bone turnover and/or with vas-
cularization, could also increase the risk of ONJ. In par-
ticular, regarding BPS, they seem to have a high affinity to
hydroxyapatite crystals forming the bone, thereby inhibit-
ing the resorptive action of osteoclasts by induced apopto-
sis. This effect may indirectly cause a lack of the cytokines
released from the osteoclast, prevent the bone healing abil-
ity, and may, finally, lead to BRONJ [19]. BPS also seem to
have an anti-angiogenic effect. In particular, when a nitro-
gen-containing BPS (i.e. zoledronic acid) are used, the cir-
culating levels of VEGF, an essential mediator of angiogen-
esis and of osteogenic differentiation and bone formation,
decrease [20]. Since the new TKI therapies also act against

@ Springer

the VEGF receptor, interfering with the formation of new
blood vessels, and reducing the capability of healing when
microtrauma occurs, these drugs may eventually lead to the
development of ONJ, and, according to the recent review of
the international recommendations, they can be considered
as a risk factor on the ONJ development [21].

A synergistic effect of BPS and antiangiogenic agents on
the bone was recently described by Christodoulou et al [22].
In this retrospective study, the authors confirmed that the
prevalence of ONJ was 1.1% for those oncological patients
on intravenous BPS alone and that it increased to 16% when
BPS were used in addition to antiangiogenic agents (beva-
cizumab and sunitinib).

Interestingly, very recently, since FDA warned about
the increased risk of ONJ in patients receiving lenvatinib, a
pharmacovigilance study, aiming to assess the association
between lenvatinib and ONJ and to summarize the clini-
cal features of these cases using the FDA Adverse Events
reporting System (FAERS), was published [23]. A total of
9800 lenvatinib-related adverse events were reported and 52
of these (0.5%) were ONIJ. This pharmacovigilance study
confirmed that the incidence of ONJ due to lenvatinib treat-
ment alone is very low, but it may increase when this treat-
ment is associated to other drugs (i.e. BPS, glucocorticoids)
and risk factors (i.e. diabetes and dental procedures).

Regarding the timing of ONJ appearance, according to
the study of Jung et al [24], among 1569 incident ONJ cases,
53.3% of ONJ occurred after BPS discontinuation, and most
ONIJ cases occurred within three years from BPS suspen-
sion. In another study [25], it was also demonstrated that
MRONTIs occur earlier in patients treated concomitantly with
TKIs and BPS compared to patients treated with BPS only
(after a median exposure of 4.5 and 25.0 months, respec-
tively; p=0.0033).

Diagnosis of ONJ

According to the AAOMS [7], a diagnosis of MRONJ can
be confirmed when patients meet all the following criteria:
(1) current or previous treatment with BPS or antiangiogenic
agents; (2) exposed bone or bone that can be probed through
a fistula, situated within or outside the mouth, in the maxil-
lofacial region that has persisted for longer than 8 weeks;
(3) no history of radiation therapy to the jaws or metastatic
disease to the jaws.

“Bone that can be probed through a fistula” is a definition
referred to those cases (up to one-quarter of patients) that
experiences a non-exposed form of MRONIJ [26]. To note
that the non-exposed form of MRONJ may remain without
a correct diagnosis but it would require the same treatment
of the classical form of MRONIJ.
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The most common site of MRON] is the mandible (less
frequently the maxilla), and, in less than 5% of patients,
MRONI is observed in both locations.

Patients with MRONJ may remain asymptomatic for long
periods of weeks, months, or even years after the appearance
of bone necrosis but most frequently this condition becomes
symptomatic with inflammation of surrounding tissues, that
can be documented by radiological procedures.

The signs and symptoms of MRONI are exposed necrotic
bone, sinus fistula, difficulties with chewing, eating, and
speaking, bad breath, maxillary sinus pain, loose teeth, frac-
ture of the jaw. Figure 1 shows a clinical examination of a
mandible and maxilla MRONJ.

AAOMS proposed 5 different clinical stages for MRON]J,
from stage O to 3rd stages and “at risk” stage [7]. In particu-
lar, in stage O all those patients with no clinical evidence
of necrotic bone but with non-specific symptoms and/
or clinical/radiographic findings can be included; stage 1
includes patients with exposed and necrotic bone, or fistu-
lae that probe to bone, who are asymptomatic with no evi-
dence of significant adjacent or regional soft tissue inflam-
mation or infection; stage 2 includes patients with exposed
and necrotic bone, or fistulae that probe to bone, associated
with infection, as shown by pain and adjacent or regional
soft tissue inflammatory swelling, with or without puru-
lent drainage; stage 3 includes patients with exposed and
necrotic bone, or fistulae that probe to bone, with evidence
of infection, and one or more of the following: (1) pathologic
fracture; (2) exposed necrotic bone extending beyond the
region of alveolar bone (ie, inferior border and ramus in the
mandible, maxillary sinus and zygoma in the maxilla); (3)
extra-oral fistula; (4) oral antral/oral nasal communication,

(5) osteolysis extending to the inferior border of the mandi-
ble or sinus floor. The so-called “at risk stage” includes all
those patients who have been treated with BPS/antiangio-
genic agents but who have no apparent necrotic bone.

Radiographic criteria are not included for the diagnosis
of MRONJ, but, since many studies [27-29] have suggested
that the reason for the refractory behavior of MRONI is that
the diagnosis based on bone exposure is too late, an early
radiological identification of MRONJ would be ideal. There-
fore, some authors focused their attention to identify, by
computer tomography scan (CT), some early bone features
typical of stage 0 MRONJ. Trabecular bone density seems
to be significantly higher in stage 0 MRON]J patients than
in the control group or in the at-risk group, especially in the
regions close to the alveolar process [30, 31]. In the same
way, several studies [31, 32] confirmed that cortical bone
thickness, measured by cone-beam CT, is greater in stage O
patients and early MRONIJ patients than in the control and
at-risk groups. This means that measuring trabecular bone
CT radiodensity values and cortical bone thickness could be
simple quantitative methods to radiologically detect the early
stages of MRONJ. Except for these features, in advanced-
stage disease, there seems to be no significant relationship
between stage and imaging features.

Prevention and therapeutic options of ONJ

The implementation of dental screening and appropriate
dental measures before initiating antiresorptive therapy/
antiangiogenic agents reduces the risk of ONJ in several

Fig. 1 clinical examination of
oral cavity showing a large gin-
gival lesion with bone exposure
in the mandibular body (A),
both on the right (B) and on the
left (C), and smaller lesions in
the maxilla, bilaterally (D): the
patient came to our attention
complaining bilateral maxillary
and mandibular pain with dif-
ficulty in feeding
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prospective studies, especially when compared to patients
who did not undergo dental preventive measures [33-35].

Treatment planning should include clinical examination
of the oral cavity and a radiographic assessment, and the
identification of both acute infection and sites of potential
infection to prevent future sequelae that could be exacer-
bated once drug therapies begin is fundamental.

Individuals receiving monthly intravenous BPS or
denosumab for the treatment of oncologic disease have
an increased risk of developing ONJ following tooth
extraction and thus these procedures should be avoided
if possible.

Regarding the treatment of ONJ/MRONIJ, in 2014,
AAOMS [7] provided the indications for the treatment of
patients with ONJ/MRONIJ according to the stage of the
disease. In particular, at risk-patients, since they have no
exposed bone, do not require any treatment, but they should
be informed of the risks of developing MRONJ, as well as
the signs and symptoms of this disease process.

Stage 0 MROJ requires symptomatic treatment, and con-
servatively management of other local factors, such as car-
ies and periodontal disease. Systemic management should
include medications for chronic pain and control of infection
with antibiotics when indicated. Since there is a potential
for progression to a higher stage of disease, these patients
should be closely monitored.

Stage 1: patients could benefit from medical management
including the use of oral antimicrobial rinses, such as
chlorhexidine 0.12%, but no immediate operative treat-
ment is required.

Stage 2: patients could benefit from the use of both oral
antimicrobial rinses in combination with antibiotic ther-
apy. Although local bone and soft tissue infection is not
the primary etiology for this condition, the colonization
of the exposed bone by sensitive penicillin microbes is
a very common occurrence (quinolones, metronidazole,
clindamycin, doxycycline, and erythromycin may also
be used in those patients who are allergic to penicillin).
When systemic antibiotics failure occurred, mainly due
to a biofilm formation on the surface of the exposed bone,
operative therapy directed at reducing the volume of colo-
nized necrotic bone should be added to antibiotic therapy.
Stage 3: patients could benefit from debridement, includ-
ing resection, in combination with antibiotic therapy,
which may offer long-term palliation with a resolution of
acute infection and pain. Symptomatic patients with stage
3 disease may require resection and immediate recon-
struction with a reconstruction plate or an obturator.

Regardless of the disease stage, the mobile bone should

be removed to facilitate soft tissue healing. Moreover, the
extraction of symptomatic teeth within exposed necrotic
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bone should be considered since it is unlikely that the extrac-
tion will exacerbate the established necrotic process.

ONJ in thyroid cancer patients treated
with TKI

In the last 10 years, for the treatment of thyroid cancer, endo-
crinologists focused their attention on TKI therapies, small
molecules able to inhibit different types of tyrosine kinase
receptors, as well as a central mediator of MAPK and PI3K/
AKT/mTOR signaling cascades [36]. In particular, sorafenib
and lenvatinib were approved for the treatment of differenti-
ated (DTC) and poorly differentiated (PDTC) radioiodine-
refractory and progressive thyroid carcinoma [37, 38], while
vandetanib and cabozantinib [39, 40] were approved for pro-
gressive and metastatic medullary thyroid cancer (MTC).
Moreover, a second generation of TKIs have been recently
approved for the treatment of thyroid cancer by Food and
Drug Administration and are under evaluation by European
Medicines Agency (larotrectinib, entrectinib, selpercatinib,
and pralsetinib). Although in phase 3 trials of TKI used in
thyroid cancer the ONJ was not reported among the most
common side effects, as mentioned above, several papers
reported the association between ONJ and TKI, both when
they are used alone and in combination with BPS [41-45].

Sorafenib is an oral multiple TKI that targets the VEGF
receptor family (VEGFR-2 and VEGFR-3) and platelet-
derived growth factor receptor family, which play key roles
in tumor progression and angiogenesis. It was approved for
advanced hepatocellular carcinoma (HCC), for metastatic
renal cell cancer (RCC), radioiodine-refractory and progres-
sive DTC and PDTC. Although in DECISION study [37], a
phase 3 study that leads to the approval of sorafenib for the
treatment of thyroid cancer, the most frequent oral adverse
event was mucositis and no cases of ONJ were reported,
in the literature, the association between sorafenib and
ONIJ was reported in several cases. Osteonecrosis has been
reported in two HCC patients after few months of sorafenib
treatment only, without any history of BPS treatment: in
one case it was an ONJ [42], and in the other, a bilateral
osteonecrosis of femoral heads was developed [43]. At vari-
ance, several are the reports of the occurrence of ONJ during
both sorafenib and BPS therapy in RCC patients. According
to these studies, this adverse event occurred after an expo-
sure to sorafenib varying from 5 to 36 months and always
when sorafenib was used in combination with BPS for bone
metastases control [12, 45]. To our knowledge, no cases of
MRONI in thyroid cancer patients treated with sorafenib are
present in the literature.

Lenvatinib is another oral TKI with high anti-angiogenic
activity, able to inhibit VEGF1-3, FGF1-4, PDGF, KIT,
and RET receptors. To date, lenvatinib is approved for the
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treatment of 13! refractory differentiated thyroid cancer, for
HCC, and, in combination with everolimus, for RCC. To
date, one single case of MRONI in thyroid cancer patients
treated with lenvatinib is described [41]. In particular, Mau-
ceri et al. [41] described a patient with Hiirthle cell thyroid
cancer, that, since a metastatic progressive disease occurred
after initial standard treatment, started a systemic therapy
with lenvatinib. After 12 months of lenvatinib intake, the
maxillary left first molar was extracted because of deep
caries. Healing of the socket was never achieved and, two
months after the dental extraction, intraoral examination
revealed clinical signs of MRONIJ. Treatment with lenvatinib
was discontinued by the oncologist and the patient was
treated with a combination of ampicillin and sulbactam (1 g
intramuscularly twice daily for 7 days) and metronidazole
(500 mg orally three times daily for 7 days). Chlorhexidine
0.2% mouthwash (30 ml swished for up to 60 s, three times
daily for 14 days) and sodium hyaluronate (local application
three times daily for 14 days) were also used. At the latest
follow-up, after 6 months, the patient was asymptomatic and
the intraoral fistulas had healed.

Cabozantinib is another oral TKI able to inhibit MET,
VEGFR2 and RET. It is approved for the treatment of RCC
and MTC. Also for cabozantinib a single case of MRONJ
occurred in one MTC patient was described [46]. In the
paper the authors described the onset of MRONIJ in an
MTC female patient, enrolled in a double-blind, phase 3
trial, testing the efficacy of orally administered cabozantinib.
Three months after the initial intake of cabozantinib, the
mandibular left first molar was extracted because of deep
caries but no healing of the socket was achieved. Intraoral
examination revealed local signs of inflammation and infec-
tion, with slight purulent exudation. Orthopantomogram
revealed an incomplete bone remodelling of the mandibular
left first molar socket and a further assessment by CT scan
showed irregularity of the alveolar cortical margin and a
sclerotic reaction. Cabozantinib was not discontinued, nor
were other prescriptions changed. Since surgical debride-
ment of the socket and antibiotic therapy did not achieve
clinical improvement, a segmental ostectomy was performed
along with extracting the mandibular left second molar and
maintaining antibiotic and antiseptic therapy (oral amoxicil-
lin clavulanate and chlorhexidine 0.2% mouthwash) until
mucosal healing had been achieved. Histological assessment
of the specimen confirmed the presence of atypical bone
necrosis. At a 4-year follow-up, the patient remains free of
lesions and symptoms.

Very recently, another case of a 61-years old male patient
who developed an advanced and unusual case of stage 3
peri-implantitis-induced MRONJ involving the right upper
jaw was described by Bennardo et al [47]. For a metastatic
RCC, starting from May 2017, the patient received inter-
leukin-2 subcutaneously 3 weeks a month, twice a day for

5 days a week, and then, from June 2017, bevacizumab,
every 2 weeks, for 6 months. He also underwent a monthly
4 mg infusion of zoledronic acid for five cycles, which was
then replaced, in December 2017, by denosumab every 4
weeks, until September 2019. Moreover, from May to Sep-
tember 2019, he also received nivolumab (10 mg/ml), and
then cabozantinib (60 mg). Timing of appearance of ONJ in
relation to multidrug therapy was not reported.

To our knowledge to date, no case of MRONJ was
described in thyroid cancer patients treated with vandetanib
in combination or not with BPS.

Table 1 summarizes the case reports of MRONJ occurred
during TKI treatment used in thyroid cancer or in other solid
tumors.

Our experience with ONJ related to BPS
and TKI

A 53-years-old male patient was referred to the Department
of Endocrinology, University of Pisa, for a follicular thy-
roid cancer, with poorly differentiated areas (T3aNOMO). In
1999 he was treated with total thyroidectomy, followed by
radioiodine (**'I) therapy (130 mCi), without subsequent
salivary glands symptoms. A remission of the disease was
documented after initial treatment.

Since 2003, a progressive thyroglobulin (Tg) increas-
ing levels were observed without any evidence of structural
disease.

In 2006, a significant increase of serum thyroglobulin
values (from 1.1 ng/ml in 2003 to 50 ng/ml in 2006) associ-
ated with local relapse of the disease in thyroid bed and lung
micrometastases were documented. The structural disease
remained stable until January 2010, when a progression of
local disease was documented, and the patient underwent a
further surgical treatment followed by neck and mediastinal
external radiotherapy for a total amount of 60 Gy. Mandibu-
lar and maxillary bones were not involved when external
beam radiation on the neck was performed.

Ten months after the last surgery and 8 months after radi-
otherapy, a further recurrence of local disease in the neck, a
numeric and dimensional increase of the lung micrometasta-
ses, and the appearance of an osteolytic bone lesion (4.5 cm)
of the right clavicle were documented, and, in November
2010, the patient was enrolled in the study protocol “Bayer
14295 Clinical trial on the advance/metastatic radioiodine-
refractory DTC (NCT00984282)”. He was assigned to the
placebo arm.

In May 2012, about 2 years after enrollment, a signifi-
cant dimensional progression of the right clavicular lesion
with pathological fracture occurred and the appearance of
an osteolytic lesion of the left iliac bone was documented.
According to protocol indications, the patient entered a
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Table 1 case reports of osteonecrosis of the jaw described in the literature related to tyrosine kinase (TKI) or to TKI and bisphosphonates (BPS)

TKI Case report TKI or TKI+BPS Timing of ONJ appearance after Type of treated tumor/disease
TKI/TKI+BPS inception
Sorafenib Guillet et al.* [43] TKI alone After 10 months HCC
Garuti et al. [42] TKI alone After 3 months HCC
Lenvatinib Mauceri et al. [41] TKI alone After 14 months TC
Cabozantinib Marino et al. [46] TKI alone After 3 months TC
Bennardo et al. [47] Multidrug therapy, including TKI Not known RCC
and BPS
Axitinib Patel et al. [50] TKI alone (nivolumab and pazo-  After 6 months RCC
panib in the previous years)
Imatinib Okubo-Sato et al. [51] TKI alone After 10 years CML
Gupta et al. [52] TKI alone After 2 months MPN with hypereosinophilia
Viviano et al. [53] TKI alone After 22 months GIST
Sunitinib Ashrafi et al. [54] TKI and BPS After 5 months from TKI incep- RCC
tion
After 2 months from BPS incep-
tion
Agrillo et al. [55] TKI and BPS (2 cases reported)  Not known RCC
Fleissig et al. [56] TKI alone Not reported RCC
Nicolatou-Galitis et al. [57] TKI+ cisplatinum (case 1) Not reported RCC
TKI alone (case 2) After 18 months
Hoefert et al. [58] TKI and BPS (case 1) After 6 months RCC
TKI and BPS (case 2) After 19 months
TKI and BPS (case 3) After 27 months from TKI
inception and after 15 months
from BPS inception
Bozas et al. [59] TKI and BPS After 5 months from TKI and RCC
4 days after BPS inception
Koch et al. [60] TKI After 12 months RCC
Brunello et al. [10] TKI and BPS After 4 months from TKI incep- RCC
tion and after 17 months from
BPS inception
Everolimus ~ Akkach et al. [61] TKI After 6 months Kidney transplant
Yamamoto et al. [62] TKI After 2 months Breast cancer
Omarini et al. [63] TKI and BPS After 19 months from TKI Breast cancer
inception
After 1 month from BPS incep-
tion
Giancola et al. [64] TKI and BPS After 18 months from TKI RCC
inception and after 27 months
from BPS inception
Kim et al. [65] TKI and BPS After 3 years from TKI incep- MTC

tion and after 6 years of BPS
inception

CML chronic myelogenous leukemia, GIST gastrointestinal stromal tumors, HCC hepatocellular cancer, MPN myeloproliferative neoplasm, RRC

renal cell cancer, TC thyroid cancer

*QOsteonecrosis of femoral heads

cross-over phase, starting 800 mg per day of sorafenib. After

For the bone involvement, a local treatment was evaluated
3 months of TKI therapy, based on the presence of bone  and a left iliac lytic lesion percutaneous microwave ther-

metastases with local pain, intravenous zoledronic acid ther-  moablation was performed in February 2013. The neoplas-
apy was associated with sorafenib treatment, preceded by  tic disease remained substantially stable according to the
both an accurate clinical and radiological (orthopantomog-  following tbCT scan and to the biochemical examination
raphy) dental examination and the cure of the oral cavity. but, for the appearance of local pain, external radiotherapy
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was performed on the right clavicular bone lesion in Febru-
ary—March 2013.

In July 2014, 2 years after its inception, the zoledronic
acid therapy was permanently discontinued for a dental
infection that was completely cured with antibiotic drugs.

In December 2016, about four years after the inception
of sorafenib, the patient came to our attention complaining
bilateral maxillary and mandibular pain with difficulty in
feeding. A clinical examination of the oral cavity showed
a large gingival lesion with bone exposure in the mandibu-
lar body (Fig. 1, panel A), both on the right (Fig. 1, panel
B) and on the left (Fig. 1, panel C), and smaller lesions in
the maxilla, bilaterally (Fig. 1, panel D). An odontostoma-
tological consultation diagnosed an extensive aseptic bone
necrosis with the appearance of radicular residues and con-
sequently, a surgical removal of those radicular parts and a
surgical curettage of the jaw alveolar bone bilaterally were
performed.

A CT scan of the skull performed 1 month later, showed
an inflammatory morphological pattern of the left maxillary
bone, that involved soft tissues, with bone erosion, in com-
munication with the oral cavity (Fig. 2). A further radiologi-
cal evaluation concluded that maxilla and mandibular bone
were both compromised and that the alterations observed
were compatible with a ONJ. After a multidisciplinary
meeting, including a neuroradiologist, an odontologist, and
a maxilla-facial surgeon, sorafenib was discontinued and
antibiotic therapy was administered to perform a surgi-
cal toilette. In March 2017, the patient underwent surgical

Fig.2 CT scan of the skull image showing an inflammatory morpho-
logical pattern of the left maxillary bone with bone erosion, in com-
munication with the oral cavity. The inflammatory lesion involved the
contiguous soft tissues too

removal of a tooth and an osteotomy of the necrotic bone,
and a further surgical toilette of maxillary necrotic lesions
was performed two months later.

Since the appearance of ONJ sorafenib treatment was
discontinued several times to perform surgical toilettes and
to let surgical lesions to heal. As per protocol, only when a
grade 2 of ONJ adverse event was obtained, sorafenib was
started again.

During 2018 and 2019 the patient underwent several radi-
ological procedures and odontostomatological consultations
that showed a stable alteration of jaws. Regarding thyroid
neoplastic disease, in February 2018 patient underwent a
thoracotomy to remove a 6th right rib metastatic lesion and,
in May 2019, an embolization and cryoablation of a meta-
static bone lesion of the left ilio-pubic branch. A further
progression of the disease-induced us to definitively stop
sorafenib and start another TKI, lenvatinib, but a worsening
of clinical condition occurred and the patient died in April
2020.

Conclusions

Since, currently, TKI therapy is widely used not only for the
treatment of RAI-refractory DTC but for advanced MTC
too, and since their association with BPS is frequent when
bone metastases are present, endocrinologists/oncologists,
dealing with thyroid cancer, should pay attention on this
possible side effect due to these drugs, especially when they
are used in association.

Metastatic bone disease, as well as in the case we pre-
sented, represents a challenging clinical problem in patients
with RAI-refractory DTC and metastastic MTC. Since TKIs
appear to be less effective in controlling bone metastatic
disease in comparison to metastatic disease occurring in
other soft tissues (i.e. lungs, liver, and lymph nodes), and
a high rate of multiple skeletal-related events following the
detection of an initial bone lesion are frequent, according
to the current guidelines on DTC management [48], BPS
(or denosumab) therapy should be considered in patients
with diffuse and/or symptomatic bone metastases from RAI-
refractory DTC, either alone or concomitantly with other
systemic therapies.

To significantly reduced the risk of ONJ appearance, pre-
ventive measures such as oral examinations with appropri-
ate radiographs, oral hygiene instructions, maintenance of
good oral health, completion of necessary dental treatments,
should always proposed to patients before initiating not only
antiresorptive therapy but also antiangiogenic agents and
TKIs. Regular dental examinations during the treatment
should also encourage earlier treatment of the non-exposed
variant of the traditional ONJ.
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Unfortunately, when an ONJ occurred during TKI and
BPS treatments, it really worsens the quality of life of cancer
patients [19, 49], and we should consider that in the case of
ONIJ it becomes necessary a TKI discontinuation that could
lead to a progression of neoplastic disease. A multidisci-
plinary approach for this kind of patient could be the best
practice to avoid an underestimation of both the ONJ, that
can have a variable spectrum of presentation and staging,
and of the metastatic disease that becomes a high risk of
progression if the antineoplastic drug(s) are discontinued.
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