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Risks and benefits in using zoledronic acid in patients with bone metastases
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Purpose: The aim of this study is to evaluate the efficacy and safety of zoledronic acid (4 mg over a 15-minute
infusion) in patients with bone metastases.

Methods: Forty two patients with documented bone metastases from solid tumours and multiple myeloma
were enrolled in this study during the period from September 2008 to October 2010. Zoledronic acid 4 mg was
administered intravenously in 100 ml of 0.9% sodium chloride as 15-minute infusion every 4 weeks.

Results: Prior to study entry, the majority of patients (76.2 %) had an ECOG performance status score <I.
Twenty five patients (59.5%) had experienced skeletal related events (SRE), 85.7% of the patients suffered from
pain and 81.0% used analgesics. During the period of treatment, 15 out of 42 patients (35.7%) developed at
least one SRE. The median time to first SRE was 25.22 months. Twenty six out of 36 patients who complained
of pain at base line (72.2%) had decreased in pain score. Six patients (16.7%) had no changes while 4 (11.1%)
patients suffered from increasing in pain score. The most frequent side effect was hypocalcemia (28.5%). Two
patients had chills (4.8%) and 4 patients had pyrexia (9.5%) which occurred following the first injection. Serum
creatinine level increased in 2 patients (4.8%) and only one patient developed osteonecrosis of jaw.
Conclusion: Zoledronic acid reduces the incidence of skeletal related events (SREs), pain and hypercalcemia
in patients with radiologic evidence of bone metastases. Accurate monitoring of ionized calcium and creatinine
levels is mandatory and patients at —risk should also receive appropriate prophylactic attention to maintain oral
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INTRODUCTION

Bone metastases are a frequent complication of
cancer, occurring in up to 70 percent of patients with
advanced breast or prostate cancer' and in approximately
15 to 30 percent of patients with carcinoma of the lung,
colon, stomach, bladder, uterus, rectum, thyroid, or
kidney. Furthermore, once tumors metastasize to bone,
they are usually incurable: only 20 percent of patients
with breast cancer are still alive five years after the
discovery of bone metastasis?.

Bone metastases lead to a variety of complications,
including severe bone pain, pathologic fractures, spinal
cord compression, and hypercalcemia of malignancy
(HCM), as well as the need for surgery or radiation
therapy®“. The associated morbidity can thus severely
impact health-care resources and patient quality of
life, particularly for those experiencing prolonged
survival®.

Bisphosphonates (BP) are synthetic analogues of
pyrophosphate, a natural regulator of bone metabolism
found abundantly in bone matrix®. These compounds
inhibit the differentiation of osteoclastic precursors,

Kasr-El-Aini Journal Of Clinical Oncology And Nuclear Medicine

E-mail: dhmzayed @gmail.com

induce apoptosis of osteoclasts, and stimulate
the release of osteoclastic inhibitory factor from
osteoblasts’.

Zoledronic acid is a highly effective, nitrogen-
containing bisphosphonate that has been approved for
the treatment of HCM and for the prevention of skeletal
complications secondary to multiple myeloma and bone
metastases from any solid tumor®’.

Zoledronic acid is generally well tolerated and
induces just mild transient side effects, such as
flu-like symptoms (fever, bone pain, arthralgia,
nausea and vomiting), following the initial infusion.
Over the last years, concerns of bisphosphonate-
induced osteonecrosis of the jaw have emerged!'®.
Furthermore, all bisphosphonates are known
to be associated with laboratory abnormalities,
particularly, elevated serum creatinine levels and
hypocalcemia. Sporadic episodes of acute and
subacute renal failure have been reported whereas
hypocalcemia has not yet been the subject of detailed
research''.
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The aim of this study is to evaluate the efficacy
and safety of zoledronic acid (4 mg over a 15-minute

infusion) in patients with bone metastases.

PATIENTS AND METHODS

Eligibility Criteria:

Forty two patients with documented bone metastases
from solid tumours and multiple myeloma who attended
the department of Clinical Oncology & Nuclear
Medicine, Mansoura University Hospital from the period
of September 2008 to October 2010were enrolled in this
study.

Bone metastases were generally diagnosed by bone
scintigraphy and x- rays, if spines were involved, magnetic
resonance imaging (MRI) or computed tomography (CT)
was used for further evaluation.

Patients were recruited if they had a baseline Eastern
Cooperative Oncology Group (ECOG) performance
status < 22, adequate liver function (determined by liver
enzymes and serum bilirubin); and normal renal function
(determined by serum creatinine <1.5 times the upper limit
of normal and creatinine clearance >60 ml/minute).

Treatment administration:

Zoledronic acid (Zometa) 4 mg was administered
intravenously in 100 ml of 0.9% sodium chloride as
15-minute infusion every 4 weeks. Supplementations
with oral calcium 500 mg/ day and tablets containing
400-500 IU vitamin D /day were prescribed throughout
treatment. Concomitant anticancer therapy according to
the decision of the treatment panel was allowed, however
the use of other bisphosphonates was prohibited.

Assessments of patients:

The efficacy of zoledronic acid was evaluated in this
study, by analyzing skeletal related events (SREs), pain
score, and analgesics use.

SREs were assessed at each visit and it was defined
as: pathologic fractures, HCM, spinal cord compression,
surgery or radiotherapy to bones. The distribution of each
type of SRE, the proportion of patients with at least one
SRE and the time to first SRE were analyzed.

Pain score for each patient was reported on a scale
of 0 (none) to 3(severe pain interfering with activities of
daily living) according to the National Cancer Institute
(NCI) Common Toxicity Criteria Version 3.0'%, and
patients using analgesics were documented too.

Acute inflammatory reactions following the initial
infusion including: bone pain, chills, pyrexia, nausea and
vomiting were recorded.
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Serum creatinine and calcium levels were requested
before each administration of zoledronic acid. Abnormal
calcium and creatinine serum levels were assessed
according to the National Cancer Institute (NCI)
Common Toxicity Criteria, Version 3.0'3. Normal serum
calcium is in the range of 8.5-10.5 mg/dl. Hypocalcemia
was defined as G1 when serum calcium levels were
<LLN-8.0 mg/dl. G2 when they were <8.0-7.0 mg/dl, G3
when they were < 7.0-6.0 mg/dl, and G4 when they were
< 6.0mg/dl.

The creatinine normal range is 0.60 —1.20 mg/dl.
Increased serum creatinine was classified as follows
based on the NCI Common Toxicity Criteria, Version
3.0: G1 when the creatinine level was <1.5% the upper
limit of normal (ULN), G2 when the creatinine level
was >1.5-3.0xULN, G3 when the creatinine level was
>3.0-6.0x ULN, and G4 when the creatinine level was
>6.0x ULN.

Patients were subjected to full dental evaluation.
Follow up by radiography and clinical examination
were done every 6 months or when there a complaint of
toothache, orofacial pain or foul- smell oral secretions.

Zoledronic acid was temporarily stopped if patients
had G2-G3 creatinine and calcium abnormalities and
was resumed when levels returned to normal or within the
Glrange. Zoledronic acid was given until a substantial
decline in the patient’s performance status was observed®.
Treatment was also stopped in cases of persistent G2
electrolyte abnormalities, gradual worsening of these
parameters, or whenever any significant adverse event
occurred.

Statistical analysis:

Statistical analysis was done using the SPSS
(Statistical Package for Social Science) program
version 15. The data included patients' age at the start of
zoledronic acid treatment, gender, primary cancer types,
ECOG performance status, previous occurrence of any
bone events, specific anticancer therapy at the beginning
of zoledronic acid treatment, the laboratory values at each
dose administration, and side effects of treatment. The
qualitative data were presented in the form of number
and percentage. Quantitative data were presented as
mean + standard deviation (SD). Tolerability, measured
as an assessment of safety, was based on the frequency
of side effects and abnormal laboratory values. Time to
first SRE was analyzed by using Kaplan-Meier method.

RESULTS

The baseline characteristics of 42 patients enrolled
in this study are shown in Table (1). The mean age at
the start of treatment was 49. 9 years (range, 35 -70

35



Kasr-El-Aini Journal Of Clinical Oncology And Nuclear Medicine

Vol. 8 | No. 1-2 2012
years); the patients included 34 females (81.0%) and
8 males (19.0%). As regard primary cancer types, the
patients comprised 31 breast cancer patients (73.8%),
5 patients with multiple myeloma (11.9%), and 3
prostate cancer patients (7.1%). In addition, 2 patients
had hepatoma (4.8%), and only one patient had thyroid
cancer.

Prior to study entry, the majority of patients
(76.2 %) had an ECOG performance status score <I.
Twenty five patients (59.5%) had experienced skeletal
related events (SRE), 85.7% of the patients suffered
from pain and 81.0% used analgesics. At study entry,
5 patients (11.9%) were not receiving concomitant
anticancer therapy. A total of 17 patients (40.5%)
were receiving hormonal therapy, 7 patients (16.7%)
were receiving chemotherapy and 13 patients (31.0%)
were under treatment with both hormonal therapy and
chemotherapy (Table 1).

All patients had received zoledronic acid, 4mg
intravenously, every 4 weeks with a median duration
of therapy 19 months (range, 2- 36 months). During
the period of treatment, 15 out of 42 patients (35.7%)
developed at least one SRE. The distribution of them
is shown in Table (2). Nine patients (21.4%) received
palliative bone radiation. Pathological bone fracture
was detected in 3 patients (7.1%) and spinal cord
compression occurred in one patient. Bone surgery was
done to 2 patients; that included spinal decompression
for the patient with spinal cord compression and internal
fixation for a patient with a pathological fracture.
However hypercalcemia of malignancy had not been
noticed in our patients during treatment. The median time
to first SRE was 25.22 months (95% confidence interval,
20.82- 29.62) as shown in Figure (1).

All patients were evaluated at the end of treatment
regarding pain. Twenty six out of 36 patients who
complained of pain at base line (72.2%) had decreased in
pain score. Six patients (16.7%) had no changes while 4
(11.1%) patients suffered from increasing in pain score.
Consequently, analgesics use decreased in 24 patients out
of 34 patients using them at base line (70.6%). However
no change occurred in the analgesic use in 29.4% of
patients. Only one patient started to use analgesics during
the zoledronic administration and he was not using it
before.

Regarding the side effects of treatment, it was found
that all toxicities of grade 1 and 2 (Table 3). The most
frequent event was hypocalcemia (28.5%) which was
corrected by delaying the injection one week; during
this period, patients were under calcium and vitamin D
therapy. Bone pain was observed in 4 patients (9.5%).
Two patients had chills (4.8%) and 4 patients had pyrexia
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(9.5%) which occurred following the first injection.
Three patients (7.1%) complained of nausea during
administration of the drug while vomiting was reported
in one patient only.

Serum creatinine level increased in 2 patients (4.8%),
one of them had multiple myeloma and the other one was
a metastatic cancer breast patient under a platinum-based
chemotherapy.

Only one patient developed osteonecrosis of jaw
in the form of swelling that appeared after 14 months
of zoledronic acid administration and proved to be
nonmalignant by histopathology, and so zoledronic acid
was stopped. She had a minor debridement procedures
and antibiotic therapy. Such patient had cancer breast
with multiple metastases in bone, she was under treatment
with aromatase inhibitor, and she developed multiple
lung metastases and became in a poor general condition,
and then died of progressive disease.

Table 1: Patients characteristics

i =42
Characteristics Patients (n )

No. (%)
Age (years)
Range (35-70)
Mean + SD 49.9+9.6
Gender
Female 34 (81.0)
Male 8(19.0)
Primary cancer types
Breast 31(73.8)
Multiple myeloma 5(11.9)
Prostate 3(7.1)
Liver 2(4.8)
Thyroid 1(2.4)
ECOG performance status
0-1 32(76.2)
2 10 (23.8)
Previous SRE
Absent 17 (40.5)
Present 25(59.5)
Anticancer treatment
Hormonal 17 (40.5)
Chemotherapy 7 (16.7)
Chemohormonal 13 (31.0)
No treatment 5(11.9)
Pain score at base line
0 6 (14.3)
1 11 (26.2)
2 16 (38.1)
3 9 (21.4)
Analgesic use
No 8 (19.0)
Yes 34 (81.0)

ECOG, Eastern Cooperative Oncology Group; SD, standard deviation;
SRE, skeletal-related event.
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Table 2: Skeletal-related events (SREs).

SRE T;L(:?))
Bone radiation 9(21.4)
Pathologic bone fracture 3(7.1)
Spinal cord compression 1(24)
Bone surgery 2(4.8)
Hypercalcemia of malignancy 0(0.0)

Table 3: Adverse events occurring during treatment.

Toxicity 210=(‘;/;))
Bone pain 4.(9.5)
Chills 2(4.8)
Pyrexia 4(9.5)
Nausea 3(7.1)
Vomiting 1(2.4)
Hypocalcemia 12(28.5)
Serum creatinine changes 2 (4.8)
Osteonecrosis of jaw 1(2.4)
ariunens
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Figure 1: Time to first skeletal events.

DISCUSSION

Bisphosphonates (BPs) represent the current standard
of care for the treatment of HCM and prevention of
skeletal complications in patients with bone metastases.
In particular, the American Society of Clinical Oncology
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(ASCO) recommends pamidronate disodium and
zoledronic acid for treating skeletal metastases in
breast cancer and multiple myeloma (MM) patients (5).
Furthermore, zoledronic acid is the first BP with proven
efficacy in the treatment of bone metastases from solid
tumors other than breast carcinoma'.

Of all the bisphosphonates available for the treatment
of bone metastases, zoledronic acid is preferred because
of the short infusion time (15 minutes). There is evidence
from a large randomized trial on bone metastases from
breast cancer and multiple myeloma that this drug
(4mg i.v) is more effective than pamidronate in reducing
the risk for skeletal complications both in the general
population and in breast cancer patients'>'%.

Because many cancer patients (particularly those with
breast and prostate tumors) can experience prolonged
survival durations, it may be useful to accumulate more
data on the safety of BPs intravenously administered
over a prolonged period, notably, in combination with
anticancer agents. This unmet need is reinforced by
ASCO guidelines that recommend the continuation of
BP therapy until patient performance status deteriorates,
even in the case of skeletal complications'® that is,
skeletal-related events (SREs).

There is a scarcity of data on the incidence and types
of SREs that occur in patients with metastatic bone
disease with BPs for >24 months'". SREs were assessed
in this study before and following a median period of
zoledronic acid administration of 19 months. Twenty
five patients (59.5%) experienced SRE before zoledronic
acid administration, and were thus at higher risk for
subsequent SREs. Following zoledronic administration,
the rate of SREs was reduced t035.7 % in which aligns
with rates reported in the literature, ranging from
30%-49%"221,

To assess the safety profile of the zoledronic acid,
acute inflammatory reactions especially following the
initial infusion, renal functions changes, hypocalcaemia
and osteonecrosis of the jaw were recorded and analyzed
in this study.

In our study, acute inflammatory reactions were
observed in the form of fever (9.5%), chills or rigors, bone
pain (9.5%), nausea (7.1%) and vomiting. These results
are much similar to that found by the retrospective study
done on 312 patients, where fever was observed in10%
of patients and 5% of them suffered from nausea and
vomiting however, pyrexia occurred in 22% of patients
which could be attributed to the underlying diseases®.
Acute systemic inflammatory reaction is often self-limited
and becomes less intense during subsequent treatments.
Typically occurring within 48 hours of infusion, fever
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is usually low-grade, though occasionally associated
with rigors. Accompanying bone pain may occur and
usually starts about 12 hours after infusion, commonly
felt in spines, ribs, and lower limbs, not necessarily near
the site of metastases®?*. Supportive and symptomatic
management with non steroidal anti-inflammatory drugs
and acetaminophen is sufficient, although other serious
causes of fever such as infection should first be excluded.

Hypocalcaemia was observed in 28.5% of patients
receiving zoledronic acid and it was of grade 1 and 2.
The electrolyte imbalances especially hypocalcaemia
may vary by the underlying disease. Among breast
cancer patients treated in a phase III study of zoledronic
acid, hypocalcaemia, though often mild, is observed in
30-35%, compared to 7% in the placebo arm*.

We do not routinely assess the albumin level. It
is therefore likely that some of the hypocalcemia
occurrences which we registered were dependent on
hypoalbuminemia, as proven by patients ionized calcium
levels, but not all of them. It is therefore important that
the albumin level is assessed in patients presenting with
hypocalcemia during zoledronic acid therapy before
making any decision regarding treatment. Alternatively,
assessing ionized calcium may be useful in decision
making.

Clearly, hypocalcemia can be minimized by strictly
adhering to the recommended dosage and interval as
high-dose or too short treatment interval increases the
risk?. Daily calcium and vitamin D supplementation is
recommended during treatment with zoledronic acid, but
hypocalcemia can still occur?’.

The rate of changes in serum creatinine level was
4.5% of the patients in this study, and it was of gradel—
2 only. These results are much similar to that found by
large, randomized trials in patients with bone metastases
from breast cancer, multiple myeloma, and prostate
cancer, and other tumours. A clinically insignificant
rise in serum creatinine level was observed in <5% of
patients, and grade 3—4 renal toxicities were extremely
rare®3,

On the other hand, our results are less than that
observed by three large studies done to evaluate the
efficacy and safety of zoledronic acid with an incidence
of increased serum creatinine ranging from 9%-
10%'%1731 This difference could be attributed to the
small population sample in the current study. Moreover,
the increased occurrence of renal impairment could be
attributed to progression of the underlying disease as
these three studies were done only on advanced multiple
myeloma and breast cancer patients.

Risks and benefits in using zoledronic acid in patients with bone metastases

The risk of renal failure is directly related to the drug
infusion time and dosage?”. High-dose zoledronic acid
with short infusion time is strongly nephrotoxic'¢3*3,
Using the recommended infusion time and dosage,
decreases the rate of renal impairment. Previous
treatments with bisphosphonates, advanced age and
multiple cycles of therapies increases the risk, although
safe treatment beyond Syears has been reported. Patients
with baseline renal impairment also at increased the
risk**3.

Therefore, prevention is crucial. This includes
adequate hydration, checking serum creatinine before
each infusion, avoiding concurrent nephrotoxic agents,
reducing the dosage for patients with mild renal
insufficiency (for zoledronic acid), and withholding
treatment in the presence of renal deterioration®.

Only one patient (out of 42 patients) developed
osteonecrosis of the lower jaw after 14 months of
zoledronic acid administration in our study. This patient
started to complain from orofacial pain in the form of
toothache and trismus then a foul-smelling discharge
from a cutaneous sinus appeared. The diagnoses was
confirmed radiologically (demonstrating mottled
bone) and histopathologically. Discontinuation of
bisphosphonate ~ was  recommended.  Appropriate
antibiotics for osteomyelitis, chlorhexidine mouthwash,
minor debridement, and wound irrigation have limited
the progression of the lesion. Lastly, this patient died of
progression of the metastatic disease. This side effect
seems to be the most serious adverse event associated with
this type of treatment, and the risk for its development
increases with the duration of bisphosphonate use. It
was also observed in patients treated with RT for head
and neck tumors; other risk factors for osteonecrosis
are long-term steroid therapy, cytotoxic chemotherapy,
dental or sinus infections, and trauma3®. The incidence is,
at present, uncertain in the literature because most cases
are self-reported or are found on retrospective analysis
and it varies in the range of 0.03%—11%3"-%.

CONCLUSION

Zoledronic acid reduces the incidence of skeletal
related events (SREs), pain and hypercalcemia in
patients with radiologic evidence of bone metastases.
This reinforces the ASCO recommendations to continue
BP therapy even after the onset of an SRE. There is low
incidence of renal functions changes, hypocalcemia and
osteonecrosis, so accurate monitoring of ionized calcium
and creatinine levels is mandatory and patients at —risk
should also receive appropriate prophylactic attention to
maintain oral health. Risks and benefits must be weighted
carefully by both physicians and well-informed patients.
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