Int J Clin Exp Pathol 2016;9(12):13032-13036
www.ijcep.com /ISSN:1936-2625/IJCEP0037996

Case Report
Gingival squamous cell carcinoma induced by
zoledronic acid treatmentof breast cancer with brain
metastasis: a case report and review of the literature
Rui Zhang1, Huixia Cui2, Wenlu Zhang3
Department of Radiation Oncology, Graduate School of Jinzhou Medical University, Jinzhou, China; 2College
of Nursing, Jinzhou Medical University, Jinzhou, China; 3Department of Radiation Oncology, The First Affiliated
Hospital of Jinzhou Medical University, Jinzhou, China
1

Received August 16, 2016; Accepted October 10, 2016; Epub December 1, 2016; Published December 15, 2016
Abstract: Zoledronic acid is prescribed to reduce bone resorption and improve bone remodeling and has recently
been used to treat breast cancer. A female patient had bone-metastatic breast cancer complicated by osteonecrosis
of the jaw and gingival squamous cell carcinoma (SCC) after receiving zoledronic acid. This 28-year-old patient was
diagnosed with HER2-positive invasive breast cancer and underwent surgery and radiotherapy. More than 3 years
later, she developed brain and skull tumor metastases and received eight cycles of zoledronic acid plus whole-brain
radiation therapy and six cycles of combination chemotherapy and zoledronic acid. Eight months later, she had a
jaw-related problem and was diagnosed with osteonecrosis of the jaw and gingival SCC in the left jaw. Although the
zoledronic acid induced jaw and gingival squamous cell carcinoma, it led to much better overall survival than the
average 4-6 months in such patients.
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Introduction
Breast cancer is one of the most significant
health problems among women [1], and
advanced stages of the disease frequently lead
to distant metastases, including to the brain
[2]. Survival of breast cancer patients depends
on cancer type, disease stage, and patient age
[2]. Clinically, breast cancer treatment usually
consists of surgical resection, chemoradiotherapy, targeting (anti-HER2/neu) therapy, and/or
hormone blocking therapy depending on disease stage, molecular diagnosis (such as estrogen receptor, HER2-positivity, and progesterone receptor statuses), and patient age [3-7].
For estrogen receptor-, HER2/neu-, and progesterone receptor-positive breast cancer, current
targeting therapies could effectively control
disease progression and lead to a favorable
prognosis, whereas triple-negative breast cancer usually leads to poor survival [3]. Zoledronic
acid was recently used to treat breast cancer
patients with bone metastases and it signifi-

cantly improved pain scores and quality of life
[8-10]. Indeed, other studies supported the utilization of zoledronic acid for controlling breast
cancer; for example, Tonyali et al. showed the
effect of zoledronic acid as adjuvant treatment
for breast cancer [11], while Delea et al. reported the cost-effectiveness of zoledronic acid
plus endocrine therapy in premenopausal
women with hormone-responsive early breast
cancer [12]. Zoledronic acid was also used to
prevent aromatase inhibitor-associated bone
loss in postmenopausal women with early
breast cancer receiving adjuvant letrozole [13].
However, zoledronic acid treatment carries the
risk of severe renal impairment [14]. Rare complications have been recently observed in cancer patients treated with bisphosphonates,
such as osteonecrosis of the jaw [15, 16] or
atypical fractures [17]. Here we describe the
case of a woman with breast cancer complicated by osteonecrosis of the jaw and gingival
squamous cell carcinoma (SCC) after zoledronic
acid treatment.

Zoledronic acid-induced gingival SCC

Figure 1. A. Histological examination showed breast ductal carcinoma in situ with invasive component. (H&E, ×100).
B. Histological examination showed squamous cell carcinoma. (H&E, ×100).

Figure 2. A. A computed tomography (CT) scan was used to diagnose breast cancer-related brain and skull metastases. B. A CT scan was used to diagnose gingival squamous cell carcinoma.

In August 2010, a 28-year-old woman felt a
mildly painful soybean-sized nodule in the bottom of right quarter of the mammary gland during a self-examination. Four months later, the
nodule became larger and she sought medical
attention. In the hospital, she was diagnosed
with breast cancer and underwent a modified
radical mastectomy of the right breast. The
pathology report of the surgical tissues confirmed the diagnosis of breast ductal carcinoma in situ with invasive component but without
any axillary lymph node involvement or tumor

metastases (0/4) (Figure 1A). Immunohistochemical staining of tissue specimens showed
that the breast cancer was ER (-), PR (-),
C-erbB-2 (+++), and p53 (++). Thereafter, the
patient underwent postoperative radiotherapy
of the right breast and lymphatic drainage area
for a 200 cGy dose for a total dose of 50 Gy. At
a March 2014 follow-up appointment, she
reported a headache and left-sided tinnitus. A
computed tomography (CT) scan showed a
shadow with intermediate density in the left
temporal lobe surrounded by edematous tissue
and bone destruction in the left temporal bone
(Figure 2A); thus, she was diagnosed with
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breast cancer metastasizing to the brain and
skull and then further treated with paclitaxel
240 mg and pirarubicin 70 mg plus 4 mg (two
cycles) and zoledronic acid 4 mg once a month.
On April 14, 2014, she also underwent wholebrain radiotherapy with a total dose of 30 Gy.
Thereafter, she was continuously treated with
paclitaxel 240 mg and pirarubicin 70 mg for
four cycles plus zoledronic acid 4 mg once a
mouth. In January 2015, she had difficulty
opening her mouth (only one finger could be
inserted) and reported slight swelling of the left
cheek and pain in the left mandibular region.
Thus, osteonecrosis of the jaw was suspected
and the zoledronic acid treatment was stopped.
However, she had progressive symptoms of left
cheek swelling and stiffness. A physical examination showed a left alveolar bone mass with
pain and sore gums. A CT scan revealed cranial
bone destruction and 5.5 × 6 cm lesion in the
left nasopharynx under the left zygomatic arch
and parapharyngeal space (Figure 2B). In
March 2015, she was further treated with two
cycles of 120 mg duoxitasai and 90 mg cisplatin. However, the patient responded poorly to
the treatment and a CT scan showed left facial
bone destruction with a tumor. The pathology
report of the tissue biopsy confirmed the diagnosis of SCC (Figure 1B) independent of breast
adenocarcinoma. The patient was further treated with radiation therapy of 200 cGY for a total
dose of 60 GY plus 50 mg cisplatin for four
cycles.

breast cancer metastasizing to the brain,
patients often receive palliative treatment.
However, to date, due to the application of
molecular targeting drugs. Patients with HER2/
neu-positive breast cancer show better overall
survival rates than those with HER2/neu-negative patients [18, 20], especially the addition of
radiotherapy that can increase the degree of
drug permeability across the blood-brain barrier [21]. A previous study also showed that
breast cancer patients with brain metastases
had a higher overall survival rate than those
with brain metastases from other tumors [22].
The patient in the current study had HER2/neupositive breast cancer but did not receive
Herceptin treatment due to financial issues;
additionally, her brain metastases were well
controlled even 18 months after the standard
radiation and chemotherapy regimen and no
signs of recurrence were seen. This finding indicates that treatment after brain metastasis is
necessary and sufficient to improve the survival of breast cancer patients with brain metastases.

Here we showed a rare case of a breast cancer
patient with zoledronic acid-induced SCC of the
jaw. Due to advancement in surgery, radiotherapy, chemotherapy, and endocrine and other
systemic treatment in recent decades, the
overall survival rate of patients with metastatic
breast cancer is continuously improved; however, breast cancer with brain metastases
remains a serious and devastating complication that affects quality of life and increases
mortality rates [2]. The 1- and 2-year survival
rates of such patients are 20% and 2%, respectively [18]. A large number of studies previously
confirmed that HER2/neu overexpression in
breast cancer tissues contributed to poor survival, frequent tumor relapse, a high brain
metastasis rate [19], and poor prognosis. After
receiving a diagnosis of HER2/neu-positive

Furthermore, bisphosphonate drugs can inhibit
osteoclast function and retard the bone resorption and remodeling processes but increase
bone mineral density; thus, they are widely utilized to treat diseases related to abnormal
bone metabolism such as myeloma, cancer
hypercalcemia, malignant tumor osteolysis,
tumor-to-bone metastasis, osteoporosis, and
Paget’s disease [23]. With the wide applications of these drugs, some adverse reactions
gradually begin to appear. Since the first report
of bisphosphonate-related osteonecrosis of
the jaw (BRONJ) in 2003 [15], increasing effects
have been reported, including severe renal
impairment [13] or atypical fractures [17]
caused by the zoledronic acid treatment.
BRONJ is identified when a patient with a history of bisphosphonate drug treatment for >8
weeks shows bone necrosis in the oral cavity
but has no history of radiation therapy in the
head and neck region [15, 24]. The patient in
our current study met this definition: She took
zoledronic acid eight times and then experienced left mandible swelling and related
issues. After a tissue biopsy, she was diagnosed with SCC of the jaw. However, it is worth
further investigating whether the SCC of the jaw
in the left posterior gums was related to the
BRONJ or the zoledronic acid treatment.
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The mechanism of zoledronic acid treatmentassociated BRONJ may be related to its potential anti-angiogenic properties [11]. Basso et al.
[25] demonstrated that the serum levels of vascular endothelial growth factor and basic fibroblast growth factor significantly decreased in
patients after receiving zoledronic acid. This
property of zoledronic acid could be also the
basis for its anti-tumor activity. The decrease in
tissue angiogenesis could lead to a reduction in
oxygenated blood in this part of the body. On
the one hand, it leads to a weak acid condition
in the tissue, the main factor for tumor cell
growth. A recent study suggeste that a low pH
value can induce a cancer stem cell phenotype
and make it easier to maintain tumor cell heterogeneity [26]. On the other hand, a lack of
oxygen in the cells can activate hypoxia inducible factor (HIF)-1 expression, which regulates
blood vessel formation [27]. HIF-1 can also participate in epithelial-mesenchymal transitions
(EMT) by regulating a variety of signaling pathways [28] and gene transcription activities.
Changes in tissue oxygen levels in the microenvironment could signal the HIF-1-induced
hypoxia signaling pathway to induce and regulate cellular EMT. A previous study showed that
EMT played a key role in the tumor development, progression, and metastasis [28]. Thus,
zoledronic acid may induce tumorigenesis.In
conclusion, this study shows a rare case of
female patient with breast cancer that metastasized to the brain in whom SCC of the jaw
occurred after zoledronic acid treatment.
However, further studies are needed to confirm
whether zoledronic acid can induce tumorigenesis in humans.

References
[1]
[2]
[3]

[4]

[5]
[6]

[7]

Acknowledgements
This work was supported by grants from
Science and Technology project of Liaoning
Province (No. 2015010336) and Education
Science planning project of Liaoning Province
(No. JG14DB254).

[8]

Disclosure of conflict of interest
None.
Address correspondence to: Wenlu Zhang, Department of Radiation Oncology, The First Affiliated
Hospital of Jinzhou Medical University, Fifth Section
of People’s Main Street, Guta, Jinzhou 121000,
Liaoning, China. Tel: +86-13941674134; E-mail:
wenlu5460@126.com

13035

[9]

DeSantis C, Ma J, Bryan L, Jemal A. Breast cancer statistics, 2013. CA Cancer J Clin 2014;
64: 52-62.
Saunders C, Jassal S. Breast cancer. Oxford:
Oxford University Press; 2009. pp. 13.
Saini KS, Taylor C, Ramirez AJ, Palmieri C,
Gunnarsson U, Schmoll HJ, Dolci SM, Ghenne
C, Metzger-Filho O, Skrzypski M, Paesmans M,
Ameye L, Piccart-Gebhart MJ and de Azambuja
E. Role of the multidisciplinary team in breast
cancer management: results from a large international survey involving 39 countries. Ann
Oncol 2012; 23: 853-859.
Burstein HJ, Temin S, Anderson H, Buchholz
TA, Davidson NE, Gelmon KE, Giordano SH,
Hudis CA, Rowden D, Solky AJ, Stearns V, Winer
EP and Griggs JJ. Adjuvant Endocrine Therapy
for Women With Hormone Receptor-Positive
Breast Cancer: American Society of Clinical
Oncology Clinical Practice Guideline Focused
Update. J Clin Oncol 2014; 32: 2255-2269.
Jahanzeb M. Adjuvant trastuzumab therapy for
HER2-positive breast cancer. Clin Breast
Cancer 2008; 8: 324-333.
Vaidya JS, Joseph DJ, Tobias JS, Bulsara M,
Wenz F, Saunders C, Alvarado M, Flyger HL,
Massarut S, Eiermann W, Keshtgar M, Dewar J,
Kraus-Tiefenbacher U, Sütterlin M, Esserman
L, Holtveg HM, Roncadin M, Pigorsch S,
Metaxas M, Falzon M, Matthews A, Corica T,
Williams NR and Baum M. Targeted intraoperative radiotherapy versuswhole breast radiotherapy for breast cancer (TARGIT-A trial): an
international, prospective, randomised, noninferiority phase 3 trial. Lancet 2010; 376: 91102.
McGuire A, Brown JA, Malone C, McLaughlin R
and Kerin MJ. Effects of age on the detection
and management of breast cancer. Cancers
2015; 7: 908-929.
Wardley A, Davidson N, Barrettlee P, Hong A,
Mansi J, Dodwell D, Murphy R, Mason T and
Cameron D. Zoledronic acid significantly improves pain scores and quality of life in breast
cancer patients with bone metastases: a randomised, crossover study of community vs
hospital bisphosphonate administration. Br J
Cancer 2005; 92: 1869-1876.
Gnant M, Mlineritsch B, Schippinger W,
Luschin-Ebengreuth G, Pöstlberger S, Menzel
C, Jakesz R, Seifert M, Hubalek M, BjelicRadisic V, Samonigg H, Tausch C, Eidtmann H,
Steger G, Kwasny W, Dubsky P, Fridrik M, Fitzal
F, Stierer M, Rücklinger E and Griel R. Endocrine
therapy plus zoledronic acid in premenopausal
breast cancer. N Engl J Med 2009; 360: 679691.

Int J Clin Exp Pathol 2016;9(12):13032-13036

Zoledronic acid-induced gingival SCC
[10] Coleman RE, Winter MC, Cameron D, Bell R,
Dodwell D, Keane MM, Gil M, Ritchie J, PassosCoeiho L, Wheatley D and Burkinshaw R. The
effects of adding zoledronic acid to neoadjuvant chemotherapy on tumour response: exploratory evidence for direct anti-tumour activity in breast cancer”. Br J Cancer 2010; 102:
1099-1105.
[11] Tonyali O, Arslan C, Altundag K. The role of
zoledronic acid in the adjuvant treatmentof
breast cancer: current perspectives”. Expert
Opin Pharmacother 2010; 11: 2715-2725.
[12] Delea TE, Taneja C, Sofrygin O, Kaura S and
Gnant M. Cost-effectiveness of zoledronic acid
plus endocrine therapy in premenopausal
women with hormone-responsive early breast
cancer. Clin Breast Cancer 2010; 10: 267-74.
[13] Brufsky A, Bundred N, Coleman R, LambertFalls R, Mena R, Hadji P, Schenk N, EricsonS
and Perez EA. Integrated analysis of zoledronic
acid for prevention of aromatase inhibitor-associated bone loss in postmenopausal women
with early breast cancer receiving adjuvant letrozole. Oncologist 2008; 13: 503-514.
[14] http://www.drugs.com/fda/reclast-zoledronicacid-safety-communication-new-updatedwarning-kidney-impairment-13020.html.
Retrieved on June 9, 2016.
[15] Marx RE. Pamindronate (Aredia) and Zoledronate (Zometa) induced avascular necrosis
of the jaw: a growing epidemic. J Oral Maxillofac
Surg 2003; 61: 1115-1117.
[16] Durie BG, Katz M and Crowley J. Osteonecrosis
of the jaw and bisphosphonates. N Engl J Med
2005; 353: 99-102.
[17] Lyles K, Colón-Emeric CS, Magaziner JS, Adachi
JD, Pieper CF, Mautalen C, Hyldstrup L,
Recknor, Nordsletten L, Moore KA, Lavecchia
C, Zhang J, Mesenbrink P, Hodgson PK, Abrams
K, Orloff JJ, Horowitz Z, Eriksen EF and Boonen
S. Zoledronic Acidand Clinical Fractures and
Mortality after Hip Fracture. N Engl J Med
2007; 357: 1799-1809.
[18] Dawood S, Broglio K, Esteva FJ, Ibrahim NK,
Kau SW, Islam R, Aldape KD, Yu TK, Hortobagyi
GN and Gonzalez-Angulo AM. Defining prognosis for women with breast cancer and CNS metastases by HER2 status. Ann Oncol 2008; 19:
1242-1248.

[19] Hohensee I, Lamszus K, Riethdorf S, MeyerStaeckling S, Glatzel M, Matschke J, Witzel I,
Westphal M, Brandt B, Müller V, Pantel K and
Wikman H. Frequent genetic alterations in
EGFR- and HER2-driven pathways in breast
cancer brain metastases. Am J Pathol 2013;
183: 83-95.
[20] Lin NU, Winer EP. Brain metastases: the HER2
paradigm. Clin Cancer Res 2007; 13: 16481655.
[21] Niwińska A, Murawska M and Pogoda K.
Breast cancer brain metastases: differences
in survival depending on biological subtype,
RPA RTOG prognostic class and systemictreatment after whole-brain radiotherapy (WBRT).
Ann Oncol 2010; 21: 942-948.
[22] Willett A, Wikinson JB, Shah C and Mehta MP.
Management of solitary and multiple brain
metastases from breast cancer. Indian J Med
Paediat Oncol 2015; 36: 87-93.
[23] Kos M. Incidence and risk predictors for osteonecrosis of the jaw in cancer patients treated
with intravenous bisphosphonates. Arch Med
Sci 2015; 11: 319-324.
[24] Sumi E, Yamazaki T, Tanaka S, Yamamoto K,
Nakayama T, Bessho K and Yokode M. The increase in prescriptions of bisphosphonates
and the incidence proportion of osteonecrosis
of the jaw after risk communication activities
in Japan: a hospital-based cohort study.
Pharmacoepidemiol Drug Saf 2014; 23: 398405.
[25] Basso FG, Turrioni AP and Hebling J. Zoledronic
acid decreases gene expression of vascular
endothelial growth factor and basic fibroblast
growth factor by human epithelialcells. Br J
Oral Maxillofacial Surg 2013; 51: 971-973.
[26] Hjelmelang AB, Wu Q, Heddleston JM,
Choudhary GS, MacSwords J, Lathia JD,
McLendon R, Lindner D, Sloan A and Rich JN.
Acidic stress promotes a glioma cell phenotype. Cell Death Differ 2011; 18: 829-840.
[27] Choi KS, Bao MK, Jeong JW, Moon HE and Kim
KW. Hypoxia-inducer angiogenesis during carcinogenesis. J Biochem Mol Biol 2003; 36:
120-127.
[28] Zhao P, Wang CX, Fang EH, Wang GB and Tong
Ql. Role of epithelial-mesenchymal transition
in gastric cancer initiation and progression.
World J Gastroenterol 2014; 20: 5403-5410.

13036

Int J Clin Exp Pathol 2016;9(12):13032-13036

