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Abstract. – Osteonecrosis of the jaw (ONJ) is
an unremitting adverse outcome associated with
bisphosphonate therapy, primarily intravenously
administered, in patients with bone metastases
from solid tumors, multiple myeloma and os-
teometabolic diseases. From 2003 many cases of
bisphosphonates related osteonecrosis of the jaw
(BRONJ) have been reported in literature.

Sunititnib is a novel anticancer agent used in
gastrointestinal cancers and renal cancers resis-
tant to imatinib.

Recent reports describe the onset of ONJ in
patients treated with both sunitinib and bispho-
sponates.

A case of osteonecrosis of the jaw related to
sunitinib, without association of bisphosphonate
(BP) medications has been recently reported.

A recent hypothesis suggests that antiangio-
genic drugs such as sunitinib could cause ONJ
even without the association with BPs.

We describe a case of two patients affected
by renal carcinoma under BP and sunitinib med-
ication who developed stage III bisphospho-
nates-related osteonecrosis of the jaw (BRONJ).
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Introduction

Avascular osteonecrosis of the jaw (ONJ) is a
consequence of bone infarction deriving from an
ischemic episode. However, pathology-related
diseases are several including bacterial or viral
osteomyelitis1-3, radiotherapy side effects2-5,
chemotherapy including intravenously bisphos-
phonates (IVBP) such as pamidronate and zole-
dronic acid.
Despite the amount of bisphosphonates related

osteonecrosis (BRONJ) cases reported in litera-
ture, the pathogenesis is still not completely elu-
cidated. Four main theories prevail. The principal
popular BRONJ hypothesis is the manifestation
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of necrotic bone resulting from bisphosphonate-
induced remodeling suppression6,7. An other hy-
pothesis includes the toxic effect of bisphospho-
nates on oral mucosa8,9.
Several studies suggest that the antiangiogenic

effect of bisphosphonates have a fundamental
role in the pathophysiology of BRONJ10,11. Koch
et al12 report that the antiangiogenic effect on
maxillary bones seems to be exerted by anti-
cancer drugs as sunitinib that could lead to a jaw
osteonecrosis similar to BRONJ.
Several Authors suggest a possible cumulative

effect of antiangiogenic drugs with BPs13-17.
Sunitinib is a tyrosine kinase inhibitor that am-

plifies bone remodeling process exerted by BP
and antagonizes the mucosal healing process by
inhibiting surrounding fibroblasts and endothelial
cells, causing bone exposition to infective agents
during the treatment. Soft tissues and endothelial
damage could play a key role in the pathogenesis
of ONJ8,9.
Sunitinib is used in the treatment of non-oper-

able and metastatic stromal cancers of the gas-
trointestinal tract after failure of a treatment with
Imatinib mesilate due to resistance or intoler-
ance. It is also indicated in the treatment of ad-
vanced/metastatic renal carcinoma. The use of
sunitinib in the last years and his association with
aminoBPs seems to be related to an higher inci-
dence of BRONJ13-16.
We report the cases of two patients with re-

nal carcinoma under BP medication who devel-
oped stage III BRONJ18 during and after suni-
tinib administration. One of them presented ad-
ditional suppurative maxillary sinusitis extend-
ing to anterior skull base with meningitis as
complication.

Case 1
A 65 years old male underwent to total nefrec-

tomy for renal cell cancer in May 2008. Consid-
ering the advanced stage of disease with lung
and lumbosacral metastases, a cycle of sunitinib
(50 mg/die for 4 weeks every 6 weeks) was start-
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Figure 1. Patient 1, extent of the lesion of the upper jaw.

Figure 2. Patient 1, important loss of maxillary bone tissue
with posterior oro-antral fistula.

Figure 3. Assial CT scan of patient 1 showing the interest
of maxillary pterygoid junction and sphenoidal pterygoid
processes until skull base area.

Figure 4. The CT scan showes sphenoidal sinusitis and a
small bone sequestration.

Case 2
A 67 years old male, affected by clear cell re-

nal cancer underwent radical nefrectomy in
March 1995.
In January 2003 were reported pulmonary and

osseous metastases; in February 2003 received 3
cycles of chemotherapy with Methotrexate, Dox-
orubicin and Adriamycin; furthermore in June
2003 received immunotherapy for three months.

ed but shortly decreased to 37.5 mg/die for the
observation of intermittent mucositis and gen-
givitis in different areas of the oral cavity associ-
ated with nausea and diarrhea. At the same time
the patient started intravenous zoledronic acid (4
mg every 4 weeks). In June 2009, after one year
of treatment, zoledronic acid was discontinued
for the appearance of painful swelling of the
right maxilla that didn’t progress with macrolids.
The clinical examination showed a painful ex-
posed bone lesion (20 × 20 mm) of the right
maxilla with oro-antral communication treated
with surgical therapy (Figures 1, 2). Five months
after surgery the patient showed again bone ex-
position and suppurative maxillary sinusitis with
extent to the sphenoidal sinuses (Figures 3, 4).
After a cycle of ozone therapy and beta lactam
antibiotics the patient underwent to an ulterior
surgical intervention in July 2009. The following
controls showed a progression of ONJ lesion.
The CT images pointed the interest of pterygoid
processes and part of the right parasellar region.
In addition the patient developed an episode of
meningitis that worsened importantly his general
condition. Although the pharmacological therapy
was efficient in treating meningitis, the patient
died in the following weeks for oncological com-
plications.



Figure 5. Endo oral examination of patient 2 showes ex-
posed osteonecrotic bone.

Figure 6. A and B, Patient 2: Assial CT and Dentascan sections of the mandible showing litic lesion of the left emimandible
associated to wide bone sequestra and pathological fracture.

BA

In October 2004, 6 cycles of gemcitabine and
vinorelbine were administered. In January 2005
the patient presented progression of metastases
of cervico-dorsal spine and a cycle of chemother-
apy with Roferon-A and fluorouracil was begun.
From August 2005 to September 2006 zoledronic
acid was introduced in therapy. The interruption
was due to the onset of painful swelling of the
left mandible with bone exposition and teeth in-
stability. In September 2006 was anyway execut-
ed a cycle of sunitinib (50 mg/die for 4 weeks
every 6 weeks). In January 2007 the total body
CT showed progression of osteolitic lesions and,
therefore, sunitinib was administered in associa-
tion with 7 cycles of temsirolimus.
In February 2008 a painful swelling of the left

mandible with exposed bone was observed and
purulent material was drained (Figure 5). In addi-
tion, in the submandibular region was visible a
cutaneous fistula. Antimicrobial rinses combined
with antibiotic therapy (penicillin) were pre-
scribed. The CT showed a pathological fracture
associated with the osteolitic lesion and wide
bone sequestration (Figure 6). The patient under-
went to emimandibulectomy and then was posi-
tioned a rigid titanium plate for jaw’s.
After few months he died for progression of

the oncological pathology.

Discussion

Bisphosphonate-related osteonecrosis of the
jaw (BRONJ) is a relatively rare but potentially

serious complication of therapy with nitrogen-
containing bisphosphonates (NBPs).
The first cases of ONJ associated with the use

of nitrogen-containing bisphosphonates were
presented by Ruggiero et al in 200319. Only few
cases of their original patients series took oral
bisphosphonates. Because oral NBPs are less po-
tent than intravenous NBPs, their opposing effect
on bone healing may be incomplete with limited
jawbone involvement.
Despite the amount of bisphosphonates related

osteonecrosis (BRONJ) cases reported in litera-
ture, the pathogenesis is still unclear. Four main
theories prevail. The first hypothesis mantains
that BRONJ would be induced by an over-sup-
pression of bone turnover. Bisphosphonates (BP)
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have great affinity for bone, are able to inhibit
osteoclast function and bone remodeling6-7.
The second theory suggests that BRONJ could

be a response to infection. BPs are known to
modulate the immune response of different cell
types13,14. This may decrease the immune re-
sponse predisposing to several infections mainly
sustained by multimicrobial colonies forming
biofilm with the prevalence of Actinomyces10,15.
BRONJ is also a possible result of ischemia

due to the antiangiogenic effects of BPs. Al-
though the description of BRONJ as avascular
necrosis and the antiangiogenic effect in BPs in
tumor tissues suggest a role in the pathogenesis
of BRONJ10,11, the angiogenesis during bone
formation seems to be unaltered by bisphospho-
nates20,21.
The last hypothesis underlines the importance

of BP’s toxicity toward different cell types, in-
cluding mucosal tissue. Accumulation of BPs
may, in combination with other cancer therapy
medications, lead to mucosal injury followed by
exposed bone and BRONJ8,9.
Otto et al22 underline the possible importance

in the pathogenesis of an acid pH that would in-
crease the dissociation between BP and hydrox-
yapatite.
Despite the presence of bacterial conglomer-

ates, above all Actynomices, in many patients with
BRONJ, there is no clear evidence to address the
question of whether infection is a primary or sec-
ondary event in BRONJ pathophysiology14. The
infective role of microbial oral species is of great
interest, not only for the pathogenesis but only for
the infective complications which sometimes rep-
resent a great complication8,9.
Several works suggest the antiangiogenic ef-

fect of bisphosphonates as a key role in the
pathophysiology of BRONJ)10,11. This effect
seems to be confirmed by the role on maxillary
structures of the novel antiangiogenic drugs like
Sunitinib which, as recently reported by Koch et
al12, could lead to a jaw osteonecrosis mimicking
a BRONJ.
Sunitinib is a molecule orally administered

that inhibits cellular signaling by targeting multi-
ple receptor tyrosine kinases. Of the receptors,
PDGF-Rs (receptors for platelet-derived growth
factor) and VEGFRs (vascular endothelial
growth factor) have a key role to both angiogene-
sis and tumor cell proliferation. Simultaneous in-
hibition of these targets leads to reduction of tu-
mor vascularization and cancer cell death and fi-
nally tumor shrinkage.

Sunitinib also inhibits other receptors as KIT
(stem cell factor receptor), RET (glial cell-de-
rived neurotrophic receptor), (CSF-1R) colony-
stimulating factor type 1, FLT3 (Fms-like tyro-
sine chinase 3).
The fact that sunitinib targets a large variety of

receptors implies several side effects as: fatigue,
hand-foot syndrome, stomatitis, proteinuria, neu-
ro-toxicity, coagulation disorders with epistaxis,
hypothyroidism, diarrhea, nausea, anorexia, dys-
pepsia, constipation, hypertension, yellow skin
discoloration24-26.
Usually most side effects result to be re-

versible and do not lead to sunitinib discontinua-
tion and can be solved with dose adjustments
even if interruption of therapy is sometimes sug-
gested25.
A decrease in left ventricular ejection fraction

is a rare but potentially life-threatening side ef-
fect25.
Long term side effect are not yet known and

are currently under investigation.
Koch et al12 report the case of a 59-year-old

male patient that had contracted renal cell carci-
noma operated by nephrectomy in 2003. Soft tis-
sue metastases occurred. After initial therapy
with interferon and vinblastine, a relapse oc-
curred and the therapy was changed to sorafenib,
followed by sunitinib. Osteonecrosis of the lower
jaw appeared 1 year after initial and exclusive
therapy with sunitinib. In this patient BPs had
never been applied.
Osteonecrosis of the jaws has been associated

even with other antiangiogenic drugs as beva-
cizumab without association with BPS. Guarnieri
et al17 report the case of a 51-year-old patient
with mammary breast cancer that developed ONJ
during therapy with bevacizumab in combination
with capecitabine. She had previously received
doxorubicin, cyclophosphamide, and then letro-
zole in the adjuvant setting and albumin-bound
nanoparticle paclitaxel in the metastatic setting,
but had no history of bisphosphonate exposure.
Six weeks after the eight dose of bevacizumab,
the patient presented with a small area of bone
exposure, which appeared necrotic.
Greuter et al27 describe another breast cancer

patient who developed ONJ after treatment with
bevacizumab. She had no history of bisphospho-
nate exposure. Two infected teeth were extracted
and 1 month later ONJ was diagnosed.
In addition to the two cases described above, a

retrospective analysis of patients receiving bis-
phosphonates for bone metastases from breast,
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colon, or renal cell cancers was reported recently
by Christodoulou et al14. Of the 116 bisphospho-
nate-treated patients included in the analysis, 25
had received concurrent treatment with anti-an-
giogenic agents (bevacizumab in 22 patients,
sunitinib in two patients and sorafenib in one pa-
tient). In this subgroup four (16%); three receiv-
ing bevacizumab, one receiving sunitinib) devel-
oped ONJ.
Individual cases of ONJ have been reported in

the literature among zoledronate-exposed pa-
tients treated with sunitinib for renal cell carcino-
ma13,15,16.
Ayllon et al15 report two cases of ONJ ob-

served in patients that received i.v. zoledronate
for the treatment of bone metastases in female
breast cancer patient (patient 1) and of hypercal-
cemia in male renal cell carcinoma patient (pa-
tient 2). Patient 1 was switched to oral clodronate
after 4 months on zoledronate. She had been on
clodronate for 15 months and patient 2 had been
on zoledronate for 19 months when ONJ oc-
curred. Patient 1 had received bevacizumab for 2-
3 months and patient 2 had received sunitinib for
14 months before diagnosis of ONJ. Both died
with ongoing ONJ.
Bedogni et al16 describe the case of a 59 year-

old patient affected by metastatic renal cell carci-
noma (RCC) and established BRONJ experi-
enced consecutive episodes of painful jaw infec-
tion with cutaneous fistula and bone sequestra-
tion which occurred during active treatment with
sunitinib, improved after discontinuation and an-
tibiotic therapy and rapidly worsened with re-
sumption of sunitinib.
Hoefert et al13 report three patients with renal

cell carcinoma under BP medication who devel-
oped BRONJ during and after sunitinib medica-
tion. In two patients, BRONJ was linked to the
occurrence of mucositis after sunitinib intake.
The third patient showed relapse of completely
healed BRONJ lesions shortly after resumption
of a sunitinib therapy.
According to other Authors experience we re-

port here two cases of patients affected by renal
cancer and treated with both sunitinib and ivBPs.
In both cases the patient developed stage 3
BRONJ. Patient 1 showed oro-antral communi-
cation with suppurative maxillary sinusitis and
cranial base involvement that did not progress ei-
ther with antibiotics or surgical treatment; was
instead complicated by a meningitis episode; the
patient died with ongoing BRONJ. Patient 2 in
treatment with sunitinib and other chemoterapics

and zoledronic acid manifested wide bone se-
questration, pathological fracture and cutaneous
fistula; conditions that worsened significantly the
patient’s quality of life.
We suggest a careful monitoring of oral health

in patients treated with sunitinib, especially in
those with an history of BPs therapy.

Conclusions

The increase of reports which describe the on-
set of ONJ in patients treated with bisphospho-
nates and antiangiogenic drugs and with sunitinib
alone confirms the role of antiangiogenic effect
on ONJ.
Further studies are needed to clarify the inci-

dence of antiangiogenic agents on ONJ, and, as
reported for BRONJ, to make a primary preven-
tion to reduce the incidence of ONJ.

References

1) WANG J, GOODGER NM, POGREL MA. Osteonecrosis
of the jaws associated with cancer chemotherapy.
J Oral Maxillofac Surg 2003; 61: 1104-1107.

2) BOUQUOT JE, MCMAHON RE. Neurophatic pain in
maxillofacial osteonecrosis. J Oral Maxillofac
Surg 2000; 58: 1003-1020.

3) REGEZI JA, SCIUBBA JJ. Chronic osteomyelitis In:
Regezi JA, Sciubba JJ, eds. Oral pathology. 3rd
ed. Philadelphia: WB Saunders, 1999; p. 389.

4) OLSON KB, HELLIE CM, PIENTA KJ. Osteonecrosis of
the jaw in patient with hormone refractary
prostate cancer treated with Zoledronic acid.
Urology 2005; 66: 658.

5) MIGLIORATI CA. Bisphosphonates and oral cavity
avascular bone necrosis. J Clin Oncol 2003; 21:
4253-4254.

6) ORRIS IR, KEY ML, COLSTON KW, ARNETT TR. Inhibition
of osteoclast function in vitro by aminobispho-
phonates. J Cell Biochem 2009; 106: 109-118.

7) WALTER C, KLEIN MO, PABST A, AL-NAWAS B, DUSCHN-
ER H, ZIEBART T. Influence of bisphosphonates on
endothelial cells, fibroblasts, and osteogenic
cells. Clin Oral Investig 2010; 14: 35-41.

8) LANDESBERG R, COZIN M, CREMERS S, WOO V, KOUSTENI
S, SINHA S, GARRETT-SINHA L, RAGHAVAN S. Inhibition
of oral mucosal cell wound healing by bisphos-
phonates. J Oral Maxillofac Surg 2008; 66: 839-
847.

9) NASTRO SINISCALCHI E, CUTRONEO G, CATALFAMO L,
SANTORO G, ALLEGRA A, OTERI G, CICCIÙ D, ALONCI A,
PENNA G, MUSOLINO C, SAVERIO DE PONTE F, ANASTASI
G, FAVALORO A. Immunohistochemial evaluation of
sarcoglycans and integrins in gingival epithelium

A. Agrillo, E. Nastro Siniscalchi, A. Facchini, F. Filiaci, C. Ungari



of multiple myeloma patients with bisphospho-
nate-induced osteonecrosis of the jaw. Oncol Rep
2010; 24: 129-134.

10) HANSEN T, KUNKEL M, WEBER A, JAMES KIRKPATRICK C.
Osteonecrosis of the jaws in patients treated with
bisphosphonates. Histomorphologic analysis in
comparison with infected osteo- radionecrosis. J
Oral Pathol Med 2006; 35: 155-160.

11) SCAVELLI C, DI PIETRO G, CIRULLI T, COLUCCIA M, BOC-
CARELLI A, GIANNINI T, MANGIALARDI G, BERTIERI R,
COLUCCIA AM, RIBATTI D, DAMMACCO F, VACCA A.
Zoledronic acid affects over-angiogenic pheno-
type of endothelial cells in patients with multiple
myeloma. Mol Cancer Ther 2007; 6: 3256-3262.

12) KOCH FP, WALTER C, HANSEN T, JÄGER E, WAGNER W.
Osteonecrosis of the jaw related to sunitinib. Oral
Maxillofac Surg 2011; 15: 63-66.

13) HOEFERT S, EUFINGER H. Sunitinib may raise the risk
of bisphosphonate-related osteonecrosis of the
jaw: presentation of three cases. Oral Surg Oral
Med Oral Pathol Oral Radiol Endod 2010; 110:
463-469.

14) CHRISTODOULOU C, PERVENA A, KLOUVAS G, GALANI E,
FALAGAS ME, TSAKALOS G, VISVIKIS A, NIKOLAKOPOULOU

A, ACHOLOS V, KARAPANAGIOTIDIS G, BATZIOU E, SKAR-
LOS DV. Combination of bisphosphonates and an-
tiangiogenetic factors induces osteonecrosis of
the jaw more frequently than bisphosphonates
alone. Oncology 2009; 76: 209-211.

15) AYLLON J, LAUNAY-VACHER V, MEDIONI J, CROS C,
SPANO JP, OUDARD S. Osteonecrosis of the jaw un-
der bisphonates and antiangiogenic therapies:
cumulative toxicity profile? Ann Oncol 2009; 20:
600-601.

16) BRUNELLO A, SAIA G, BEDOGNI A, SCAGLIONE D, BASSO
U. Worsening of osteonecrosis of the jaw during
treatment with sunitinib in a patient with metastat-
ic renal cell carcinoma. Bone 2009; 44: 173-175.

17) GUARNIERI V, MILES D, ROBERT N, DIÉRAS V, GLASPY J,
SMITH I, THOMSSEN C, BIGANZOLI L, TARAN T, CONTE P.
Bevacizumab and osteonecrosis of the jaw: inci-
dence and association with bisphosphonate ther-
apy in three large prospective trials in advanced
breast cancer. Breast Cancer Res Treat 2010;
122: 181-188.

18) RUGGIERO SL, DODSON TB, ASSAEL LA, LANDESBERG R,
MARX RE, MEHROTRA B; AMERICAN ASSOCIATION OF

ORAL AND MAXILLOFACIAL SURGEONS. Americian Asso-
ciation of Oral Maxillofacial Surgeons: Position
paper on bisphosphonate-related osteonecrosis
of the jaws-2009 Update. J Oral Maxillofac Surg
2009; 67: 2-12.

19) RUGGIERO SL, MEHROTRA B, ROSENBERG TJ, ENHGROFF
SL. Osteonecrosis of the jaws associated with the
use of bisphosphonates. A review of 63 cases. J
Oral Maxillofac Surg 2004; 62: 527-534.

20) DECKERS MM, VAN BEEK ER, VAN DER PLUIJM G, WET-
TERWALD A, VAN DER WEE-PALS L, CECCHINI MG, PAPA-
POULOS SE, LÖWIK CW. Dissociation of angiogene-
sis and osteoclastogenesis during endochondral
bone formation in neonatal mice. J Bone Miner
Res 2002; 17: 998-1007.

21) CETINKAYA BO, KELES GC, AYAS B, GURGOR P. Effects
of risedronate on alveolar bone loss and angio-
genesis: A stereologic study in rats. J Periodontol
2008; 79: 1950-1961.

22) OTTO S, HAFNER S, MAST G, TISCHER T, VOLKMER E,
SCHIEKER M, STÜRZENBAUM SR, VON TRESCKOW E, KOLK
A, EHRENFELD M, PAUTKE C. Bisphosphonate-related
osteonecrosis of the jaw: is pH the missing part in
the pathogenesis puzzle? J Oral Maxillofac Surg
2010; 6: 1158-1161.

23) ROCK EP, GOODMAN V, JIANG JX, MAHJOOB K, VERBOIS
SL, MORSE D, DAGHER R, JUSTICE R, PAZDUR R. Food
and Drug Administration drug approval summary:
Sunitinib malate for the treatment of gastrointesti-
nal stromal tumor and advanced renal cell carci-
noma. Oncologist 2007; 12: 107-113.

24) MIGNOGNA MD, FORTUNA G, LEUCI S, POLLIO A, RUOP-
PO E. Sunitinib adverse event: oral bullous and
lichenoid mucositis. Ann Pharmacother 2009; 43:
546-547.

25) KOLLMANNSBERGER C, SOULIERES D, WONG R, SCALERA
A, GASPO R, BJARNASON G. Sunitinib therapy for
metastatic renal cell carcinoma: recommenda-
tions for management of side effects. Can Urol
Assoc J 2007; 1: 41-54.

26) ROSENBAUM SE, WU S, NEWMAN MA, WEST DP, KUZEL
T, LACOUTURE ME. Dermatological reactions to the
multitargeted tyrosine kinase inhibitor sunitinib.
Support Care Cancer 2008; 16: 557-566.

27) GREUTER S, SCHMID F, RUHSTALLER T, THUERLIMANN B.
Bevacizumab-associated osteonecrosis of the
jaw. Ann Oncol 2008; 19: 2091-2092.

957

Osteonecrosis of the jaws in patients assuming bisphosphonates and sunitinib: two case reports


