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Abstract. Bone‑modifying agents (BMAs), including
bisphosphonate and anti‑receptor activator of NF‑κ B ligand
(RANKL) antibodies, are effective in treating bone metas‑
tases. The present study is a case report on the efficacy and
side effects of long‑term treatment with zoledronic acid, a
BMA, in a 57‑year‑old woman. The patient was diagnosed
with concurrent stage IV triple‑negative breast cancer and
stage II colon cancer. The patient experienced complete remis‑
sion of both these cancers following chemotherapy, zoledronic
acid treatment and irradiation for breast cancer and surgery
for colon cancer. The patient received long‑term zoledronic
acid treatment and has survived >7 years after her initial
diagnosis. The patient subsequently reported bilateral hip pain
that was diagnosed as osteonecrosis of the femoral head, after
the presence of bone metastases was ruled out using magnetic
resonance imaging. The patient underwent bilateral artificial
hip joint replacements. After orthopedic surgery, the multiple
distant metastases, including a brain metastasis, remained in
complete remission. It is well established that BMAs, such as
zoledronic acid, increase the risk of osteonecrosis of the jaw,
but it is not well understood if they can increase this risk in
other anatomical locations. The findings of the present case
study suggested that while long‑term use of BMAs may be
effective in managing bone metastases, it may increase the risk
of osteonecrosis in anatomical locations other than the jaw.
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Introduction
Bone‑modifying agents (BMAs), including bisphosphonate
and anti‑receptor activator of NF‑κ B ligand (RANKL) anti‑
body, are effective in treating bone metastases derived from
various cancer types (1,2). Many oncology practice guidelines
recommend combination therapy, including BMAs and anti‑
cancer agents, to treat patients with bone metastases in order to
prevent skeletal‑related events (3,4). A main contraindication
for BMAs is tooth extraction. All patients need to receive oral
care prior to treatment with BMAs, as osteonecrosis of the
jaw is a known adverse event of these agents (5). Conversely,
incidence of osteonecrosis due to BMAs identified at other
anatomical locations is not well known, and some of the
evidence has been conflicting. Mont et al found that osteo‑
porosis was not a risk factor for osteonecrosis of the femoral
head (ONFH) (6), while Gangji et al reported that non‑trau‑
matic ONFH is associated with low bone mineral density (7),
a disease treated mainly with BMAs. Thus, the incidence and
mechanisms of ONFH in cancer patients with bone metastasis
who received BMAs should be further explored. The incidence
of atypical femoral fractures in elderly breast cancer patients is
similar to that seen in non‑breast cancer patients (8). A recent
report demonstrated that zoledronate did not prevent collapse
of the femoral head, and did not reduce the need for hip
arthroplasty (9). Mechanisms underlying the mode of action
for BMAs on the bone are still controversial (10,11). Here, the
case of a breast cancer patient undergoing long‑term treatment
with either zoledronic acid or anti‑RANKL antibody, who
experienced bilateral ONFH, is presented.
Case report
A 57‑year‑old woman, first diagnosed with stage IV cancer
in 2012, had no history of heavy alcohol consumption,
other comorbidities, or family history of cancer. Positron
emission tomography‑computed tomography (PET‑CT)
showed a left breast tumor with numerous metastatic
tumors in the axillary lymph nodes, bone, liver, and lung
(cT2N1M1) (Fig. 1). Additionally, PET‑CT results suggested
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colon cancer in the sigmoid region with no regional lymph
node metastasis (Fig. 2). Colonoscopy aided in the diag‑
nosis of type 2 colon cancer (T1N0M0), and a biopsy was
performed. The pathology reports revealed invasive ductal
carcinoma (estrogen receptor‑, progesterone receptor‑, and
HER2‑negative) of the left breast and adenocarcinoma of
the sigmoid colon (i.e., dual cancer). Considering the TN
stage, the distant metastases observed upon initial diagnosis
were logically assumed to be from the breast cancer and
not the colon cancer. It was decided that systemic therapy
for breast cancer was a priority, and if a good response was
obtained, the colon cancer would be subsequently treated
with surgery. The patient received six cycles of epirubicin
(90 mg/m 2) combined with cyclophosphamide (600 mg/m 2)
and zoledronic acid beginning in August 2012. Results of
a follow‑up PET‑CT (Fig. 3) showed that the active distant
metastases disappeared. The patient then underwent a lapa‑
roscopy‑assisted colectomy. After the colectomy, PET‑CT
indicated left breast cancer with no distant metastases. The
patient subsequently underwent left mastectomy with axil‑
lary lymph node dissection. Analysis of the resected tumor
revealed triple‑negative breast cancer. The patient received
seven cycles of docetaxel (75 mg/m 2) and zoledronic acid.
In August 2013, PET‑CT revealed complete response.
Docetaxel treatment was discontinued, but the patient
continued to receive zoledronic acid after chemotherapy. In
February 2014, a brain metastasis was diagnosed during BMA
treatment (Fig. 4). The brain tumor was treated with 32.5 Gy of
irradiation. In addition, 1‑4 mg of betamethasone was admin‑
istered daily for 14 days (total=44 mg).
In October 2015, the patient complained of bilateral hip
pain, and PET‑CT suggested hip arthritis rather than relapse of
bone metastases. In July 2016, she underwent magnetic reso‑
nance imaging (MRI), and was diagnosed with ONFH with no
bone metastases (Fig. 5). Following this, she received bilateral
artificial hip joint replacements. After the orthopedic surgery,
she received zoledronic acid every 4 weeks for 3 years. Her
multiple distant metastases, including brain metastasis, remain
in complete remission based on PET‑CT and brain MRI scans.

Figure 1. Left breast cancer, cT2N1M1 Stage IV. Positron emission tomog‑
raphy‑computed tomography scans indicating (A) left breast tumor and bone
metastasis, (B) multiple bone metastases and (C) liver metastasis. Arrows
indicate tumors and metastases.

Figure 2. Colon cancer, cT1N0M0 Stage I. Positron emission tomog‑
raphy‑computed tomography scan suggesting colon cancer in the sigmoid
region with no regional lymph node metastasis.

Discussion
Triple‑negative breast cancer is difficult to treat, although
chemotherapy can sometimes be effective. In this case,
the patient experienced complete remission after chemo‑
therapy, BMA treatment, and irradiation. The patient was
administered zoledronic acid and has survived longer than
7 years after her initial diagnosis. This case suggests that
long‑term use of BMAs may result in improved control of
bone metastases and support long‑term survival. However,
they may also induce femoral head necrosis. Although it is
difficult to determine the underlying mechanisms, this case
suggests to be aware regarding the occurrence of femoral
necrosis in patients who receive long‑term treatment with
zoledronic acid. Our patient also received prophylactic corti‑
costeroid treatment concurrent with irradiation. The total
accumulated dose of betamethasone was 44 mg. Avascular
necrosis of the femoral head is a rare complication related
to glucocorticoid administration that has long been associ‑
ated with high‑dosage and/or prolonged treatment (12).

Figure 3. Post‑primary systemic chemotherapy images. Positron emission
tomography‑computed tomography scans indicating complete responses in
(A) primary breast cancer, (B) multiple bone metastases and (C) liver metas‑
tasis after systemic chemotherapy.
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Figure 4. Brain metastasis. Computed tomography scan suggested brain
metastasis in the left frontal lobe.
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on basic and clinical evidence for the efficacy of bisphospho‑
nates in improving bone strength, bisphosphonates could be a
candidate for ONFH treatment. Nonetheless, we believe that
long‑term use of BMAs could induce ONFH because of the
relationship between bisphosphonates and osteonecrosis of
the jaw. Therefore, it is important in clinical practice to pay
attention to chronic adverse events of BMAs. A systematic
review by Bal et al revealed that bisphosphonate treatment
may be prolonged for over 2 years in bone metastatic breast
cancer patients with an acceptable toxicity profile (15). But
the incidence of femoral head necrosis was low in that study,
and not specified as one of the adverse events. Rossi et al
reported a case of osteonecrosis of the distal femur associ‑
ated with the use of bisphosphonates in a 74‑year‑old woman
with metastatic breast cancer (16).
Bisphosphonates inhibit bone desorption and have therefore
been used to treat osteoporosis (17). Additionally, bisphos‑
phonates can modulate the activity of both osteoblasts and
osteoclasts in metastatic bone tumors. While they can improve
bone strength, they sometimes lead to bone necrosis, a severe
adverse event (11). Hence, the mechanisms of bisphosphonate
action on the bone remain controversial. It is also important
to point out that appropriate BMA treatment regimens after
complete remission need to be discussed in the development
of treatment guidelines.
In conclusion, BMAs must not be discontinued until
serious adverse events are recognized; however, the difference
between relapse of bone metastasis and osteonecrosis caused
by BMAs should be taken into consideration.
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Figure 5. Bilateral hip osteonecrosis. Magnetic resonance imaging (A) coronal
and (B) transverse images suggested arthritis but not bone metastasis on the
bilateral femoral head.

A meta‑analysis by Mont et al previously reported on the
relationship between corticosteroid dose and hip osteo‑
necrosis (13). They reported that osteonecrosis incidence
associated with corticosteroid treatment of >2 g was 6.7%
(prednisone‑equivalent). Moreover, Dharmshaktu et al
reported the case of a 38‑year‑old man who experienced
ONFH after receiving 5 mg zoledronic acid and the lowest
oral dose of prednisolone. He also received 60 mg dexa‑
methasone in oral doses of 2 mg for less than a month (14).
In our case, the patient received 44 mg of betamethasone
with zoledronic acid, suggesting that steroids might not be
the major factor in inducing ONFH. However, concurrent use
of steroids and BMAs may enhance the incidence of ONFH.
Lee et al reported the results of a prospective randomized
trial for the prevention of femoral head osteonecrosis using
zoledronic acid (9). They demonstrated that zoledronic acid
was not effective in preventing femoral head necrosis. Based
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