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Abstract

Aim: The objective is to evaluate the effect of intravenous (i.v.) administration of bisphosphonate (zoledronic
acid) therapy on the jaw bone density and incidence of any other bony patholog.

Settings and Design: Observational — prospective study.

Materials and Methods: A total of 57 patients having a history of bony metastasis (excluding the jaw
bone) were enrolled following the inclusion/exclusion criteria. Each patient received six doses of 4 mg i.v.
bisphosphonate once a month. Multidetector computed tomography (MDCT) of jawbones for each patient
was performed before the start of therapy (baseline) and subsequently at 6 and 12 months. Bone density
was assessed at 24 predetermined sites (8 sites in maxilla and 16 sites in mandible) and any pathological
change in either of the jaw bones was noted.

Statistical Analysis Used: Shapiro—Wilk test ,Pearson’s Chisquare test and repeated measures analysis of variance.
Results: The result showed no statistically significant increase in mean bone density over a period of 1 year
in maxilla and mandible. However, a significant increase in bone density was observed from 6 months to
1 year in mandibular anterior cancellous bone. The detailed observation of each MDCT scan showed no
pathological change in either of the jaw bones during the study period.

Conclusion: The administration (i.v.) of six doses of 4 mg bisphosphonate did not lead to a significant
change in bone density over a period of 1 year.
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INTRODUCTION

Bisphosphonates are commonly used to treat metabolic
diseases such as osteoporosis, Paget’s disease, hypercalcemia
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of malignancy, and skeletal complications due to bone
metastasis in malignancies.'! They are extensively used
to attenuate the occurrence of skeletal complications
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(bone pain and pathologic fracture) in patients with bone
metastases. Bisphosphonates work by inhibiting the bone
resorption. Their nuclear structure has two phosphate
group joined by a single carbon atom.” Bisphosphonates
are either nitrogen containing or nonnitrogen containing,
cyclic or noncyclict and can be administered through two
modes: intravenously (i.v.) or orally. Bioavailability is higher
with i.v. administration more than 50% of the administered
drug is bioactive reaches the target organ, and hence,
potency of the drug is increased. While bioavailability with
oral administration is less only 1% of the dose is absorbed
by the gastrointestinal tract.[*”)

The mechanism of action of bisphosphonates occurs by
two ways cither by their affinity for bone mineral resulting
in selective uptake to the target organ and achieving
high local concentration in bone, or by inhibiting the
osteoclast differentiation, reducing the osteoclast activity,
and inducing osteoclast apoptosis,*® thereby resulting in
concomitant increases in bone density. Nitrogen-containing
bisphosphonates are more potent and accumulate in
maximum concentration in the matrix and osteoclasts.
They function by interrupting the mevalonic acid pathway,
thereby inhibiting the synthesis of a key enzyme, i.e.,
farnesyl pyrophosphate synthase, which prevents the
production of proteins essential for osteoclast survival and
function.”? The concomitant increase in bone density may
resultin increased risk of the development of osteonecrosis
of jaw (ONJ), as the constant microtrauma from jaw
movement and lack of adequate remodeling in the presence
of bisphosphonate may contribute to the genesis of ON].
The risk of developing ON]J increases in a case who has
been taking the drug for longer period, especially those on
i.v. bisphosphonates."”

Zoledronic acid is the most potent nitrogen-containing,
third-generation, and cyclic bisphosphonate, that have
an enormous significance in reducing skeletal-related
complications in bone metastases from carcinoma of other
parts of the body.""*! Several studies have reported increase
in bone density after i.v. zoledronic acid therapy,*""! but
many of these studies were on long bones and vertebrae.
In addition to this, certain studies have reported that i.v.
zoledronic acid therapy is commonly associated with ON]J,
but several other factors were also responsible for ON]J
other than zoledronic acid, i.e., dose, duration of treatment,
oral health, and timing of surgical procedures in the patient
under bisphosphonate therapy."®*! Furthermore, most of
these studies were of a retrospective design. Furthermore,
there are limited prospective studies on the effect of i.v.
zoledronic acid therapy on the quality of the jaw bones
and incidence of ONJ.

Thus, this prospective study was planned and executed to
evaluate the effect of i.v. zoledronic acid on quality of jaw
bones and incidence of jaw bone necrosis at 6 months and
12 months after the start of therapy in patients with skeletal
metastasis (excluding the jaw bones) using the multiple
detector computed tomography (MDCT).

SUBJECTS AND METHODS

The study was conducted in accordance with the Declaration
of Helsinki II and was approved by the Institutional
Ethical Committee (No.IEC/NP-260/20127RP-33/2012).
Patients with skeletal metastasis, who were registered in the
medical and uro-oncology department for bisphosphonate
therapy, were screened according to the inclusion/
exclusion criteria. A total of 57 patients in the age range of
3055 years, irrespective of the gender having bony metastasis
(not involving the jawbone), secondary to carcinoma in other
parts of the body were enrolled in the study after taking the
informed consent. The exclusion criteria were: patients having
progressive disease, metastasis in jaw bone, cancer in head
and neck region, extraskeletal metastasis or having a history
of radiotherapy in head and neck region, with deranged
kidney function test, were excluded along with patients who
developed progressive/terminal disease duting the study.

After the routine consultation, all the enrolled individuals
were requested to report to the research staff for a
thorough clinical dental examination. Informed consent
was obtained from all individuals included in the study.
The individuals were informed about the project verbally,
and they were handed over with the subject information
sheet, and any queries they had regarding the project was
answered. Once satisfied, their written informed consent
was obtained. During interview and examination, if it was
found that the individuals had a dental health-care need,
they were offered treatment at the dental center. The
required dental treatment was instituted accordingly, such
as oral prophylaxis, extraction of root stumps, and any
tooth with hopeless prognosis and restoration or root canal
treatment of carious or carious exposed teeth.

Before administering the bisphosphonate to the participants,
each participant underwent general blood, kidney function,
and liver function tests. If the entire test showed values in
permissible limits, participants were admitted to the daycare
and 4 mg i.v: zoledronic acid was administered by a nurse
in the medical oncology department under the supervision
of a medical oncologist. Hach patient received six doses
of 4 mg i.v. zoledronic acid once a month at each recall
visit. If any subject showed deranged values in any of the
recall visits, administration of bisphosphonate was either
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delayed or discontinued, and further decision was made
by the medical oncologist. MDCT of jawbones for each
patient was performed before the start of therapy (to get
the baseline values), and subsequently 6 and 12 months
after the start of therapy. All the MDCTs were taken on one
computed tomography (CT) machine by a single operator.
Bone density was measured at eight points (standardized
locations based on anatomical landmarks) in the maxillary
and at 16 points (eight points in cancellous bone and eight
points in cortical bone) in mandibular bones [Figure 1].
Bone density values were filled in a predesigned form.
These MDCT scans were also evaluated for any other
change in bone, such as any signs of bone necrosis or any
other morphological changes. All these MDCT scans were
evaluated by a single experienced radiologist.

However, of these 57 patients, 30 patients were not able
to complete the study as 26 patients either passed away
due to their medical condition or were lost to follow-up.
In four patients, the administration of zoledronic acid was
extended to 12 months, hence excluded. Therefore, only
27 patients were able to complete the study.

Statistical Software for Social Sciences, Version 13.1
(IBM, Chicago, IL, USA) was used to analyze the data.
Frequency distributions were produced, and the means,
standard deviation, and confidence interval of the
dependent variables were estimated and compared within
the study population. Shapiro—Wilk test was used to
assess the normality of data. Pearson’s Chi-square test and
repeated measures analysis of variance were used to test
for correlation and analyze the data over time, respectively.
P < 0.05 was considered as statistically significant.

RESULTS

The present data represent only 26 patients who were able
to complete the monthly scheduled dose of bisphosphonate
for 6 months.

Before starting the analysis, the distribution or normality
of the data was checked, for that Shapiro—Wilk test was
applied along with the Q-Q plots show that the data
are normally distributed for the baseline and at 1* time
point as the significant value of the Shapiro—Wilk test
was >0.05. The data were slightly skewed in the final
time point. Considering this and the sample size, it was
decided to apply parametric tests (this applies to maxilla
and mandible data).

In maxilla, the posterior area was studied at points,
i.e., 18y-106y, 28y-20y, and anterior at points 14y-12y,

Figure 1: Anatomical location template to measure bone density for
maxilla and mandible
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Figure 2: Bone density in Hounsfield units units at different time
intervals in maxilla

1800

1350

mbaseline = six-month

= one year

corticalmd ant. md post mdant.

[

Bonedensity in HU unit

450

cortical md. post.

Figure 3: Bone density (Hounsfield units units) at different time intervals
in cortical and cancellous mandible

22y-24y |Figure 1]. Pearson’s correlation for the baseline
values did not show any significant difference, and the
values were in coherence. Hence, it was decided to
combine certain data points segmentally. Therefore,
18y-16y was combined (mean) to maxillary right posterior,
14y-12y was combined to maxillary right anterior, 22y-24y
was combined as maxillary left anterior, and 26y-28y
was combined as maxillary left posterior, to maintain
homogeneity of the data.

Similar to maxillary data, mandibular data for
cancellous (at points — 38y-36y, 48y-40y, 34y-32y,
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42y-44y) and cortical bone (at points — 38x-30x, 48x-406x,
34x-32x, 42x-44x) were statistically evaluated on similar
parameter and it was decided to combine the different
points to represent that as single mandibular posterior
value and mandibular anterior value for both cancellous
and cortical bone.

Descriptive analysis showed mean bone density increases
with time in both maxilla and mandible in anterior
and posterior region. When assessing the changes
in bone quality over the three-time points, repeated
measures of ANOVA was applied. The Mauchly’s
test of sphericity assumption failed, and therefore,
the Greenhouse-Geisser test shows that there was no
significant difference in the bone quality over a period
of 1 year (same results when comparing baseline to
6 months, etc.,) for both the jaws, except cancellous
bone in the mandibular anterior region, showed
significant increase in bone density between 6 and
12 months [Tables 1-3 and Figures 2 and 3].

Furthermore, since the overall comparison showed a
significant difference in bone density for cancellous bone
in mandibular anterior region, pairwise comparisons were
made using the Bonferroni adjustment. It was seen that the

Table 1: Bone density in the anterior and posterior maxilla
over 1 year

Region Time Bone density (HU unit), Significance

point meanzSD (95% Cl)
Maxillary Baseline 323.30+186.23 (248.08-398.52) 0.899
posterior 6 months  328.84+173.10 (258.92-398.76)

1 year 335.79+197.29 (256.11-415.48)
Maxillary Baseline 384.17+172.42 (314.52-453.81) 0.269
anterior 6 months  361.52+167.21 (293.98-429.06)

1year 407.73+177.67 (335.96-479.49)

SD: Standard deviation, CI: Confidence interval

mean difference for bone density was statistically significant
between 6 months and 1 year, but the rest of the differences
were statistically not significant [Table 4]. Further detailed
observation of each cone beam CT (CBCT) scan by a
radiologist did not show any pathological change in any
of the patient.

DISCUSSION

In this study to measure the effect of zoledronic acid on jaw
bone density was measured using MDCT. Different imaging
techniques have been used to evaluate changes in quality of
bone after systemic therapy in patients of skeletal metastases
such as dual-energy X-ray absorptiometry (DXA), bone
scans, and quantitative CT.?"#I Although the MDCT
method used in our study lacks in providing an absolute
measure of density values, these are feasible to use for
assessing jaw bones as compared to DXA, bone scans, and
quantitative CT. Furthermore, they are also widely available,
but Dexa scan requites a separate probe to measure the jaw
bone density. CBCT is commonly use to check the bone
volume as well as bone density in cases require implants
for rehabilitation, but previous studies show CBCT is not
validated to measure the bone density alone.

The result of this study suggests that there was no
statistically significant difference in the quality of bone
over time in maxillary anterior and posterior bone and the
mandibular cortical bone, although a mean bone density
increase was seen in the respective jaw and region of bone
after 1 year. Similarly, there was no statistically significant
difference in quality of the mandibular posterior cancellous
bone over time. However, there was a significant difference
between the bone densities from 6 months to 1 year in
mandibular anterior cancellous bone.

Table 2: Bone density in the anterior and posterior mandibular cortical bone over 1 year

Region Time point Bone density in HU unit, mean+SD (95% Cl) Significance
Cortical mandibular posterior Baseline 1603.53+92.18 (1566.30-1640.77) 0.126

6 months 1628.09+81.98 (1594.98-1661.21)

1 year 1660.23£162.20 (1594.71-1725.74)
Cortical mandibular anterior Baseline 1555.33+73.96 (1525.46-1585.21) 0.676

6 months 1568.47+81.52 (1535.54-1601.40)

1 year 1569.05+112.29 (1523.70-1614.41)

SD: Standard deviation, CI: Confidence interval

Table 3: Bone density in the anterior and posterior mandibular cancellous bone over 1 year

Region Time point Bone density in HU unit, mean+SD (95% Cl) Significance
Cancellous mandibular posterior Baseline 285.79+168.59 (217.70-353.89) 0.207

6 months 285.31£165.54 (218.45-352.18)

1 year 333.68+156.31 (270.54-396.81)
Cancellous mandibular anterior Baseline 398.33+188.42 (322.22-474.44) 0.009

6 months 351.33+£144.16 (293.10-409.56)

1 year 465.33+188.44 (389.22-541.44)

SD: Standard deviation, CI: Confidence interval
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Table 4: Pairwise comparison of change in cancellous bone
density in the anterior mandibular region at different time
points

Time point Versus time point P
Baseline 6 months 0.290
1 year 0.345
6 months Baseline 0.290
1 year 0.002
1 year Baseline 0.345
6 months 0.002

The conclusive finding of this study suggests that i.v.
administration of zoledronic acid increases the mean bone
density of both maxillary bone and mandibular cortical
and posterior cancellous bone over time. These findings
may be due to either the accumulation of zoledronic acid
in the osseous matrix or in osteoclasts, which may have
resulted in inhibition of osteoclastic activity through a
cascade of the pathway.*">?7 This decreased osteoclastic
activity might have resulted in inhibition of normal bone
resorption, consequently causing reduced bone turnover,
increased mean bone density, and decreased incidence
of skeletal-related events. However, the bisphosphonate
significantly increased the bone density in mandibular
anterior cancellous bone over time. This significant increase
in bone density of mandibular anterior cancellous bone
may be due to jawbone specific over suppression of bone
turnover. Van den Wyngaert ef a/. have shown that the
mandible exhibited a lower bone remodeling rate than
the maxilla after bisphosphonate therapy.’ Despite this,
certain other studies are inconsistent and opposite to the
findings as observed in previous study.”*" Considering
these reports in mind, the alternative reason for significant
increase in mandibular anterior cancellous bone density
may be either due to antiangiogenic effect of zoledronic
acid through the inhibition of vascular endothelial growth
factor resulting in decreased blood flow ultimately affecting
bone remodeling or due to more mineral per bone volume
in anterior mandibular cancellous bone adsorbing more
bisphosphonate in the region.?**

This study replicates the findings of a prospective analysis
of the quality of bone using CT after i.v. 15 min infusion
of 4 mg Zoledronic acid conducted by Quattrocchi ez o/
Although the treatment was given for a maximum of
12 months, their study evaluated the effect of zoledronic
acid on bone density of iliac and sacral region over a
period of 2 years as compared to 1 year in this study (with
zoledronic acid administered for 6 months). In addition,
they found a significant increase in bone density over time.
Certain other studies have also reported bone density
increase after i.v. zoledronic acid therapy, but they have
reported it in long bones and vertebrae.'>>!7)

Nevertheless, as mentioned by Quattrocchi 7 /" there
are chances that the bone density increase may be due to
therapy (e.g, hormonal or cytotoxic) that the patient is
already taking during the treatment of carcinoma. The
pharmacological interaction of the above-mentioned
therapy with zoledronic acid may also have a role in
increasing the bone density. However, within the range
of our study, we cannot rule out with the assurance of
this collateral direct effect. Furthermore, to the best
of our knowledge, there are no present reported data
on the effect of hormonal or cytotoxic drugs on bone
density at metastatic sites in the literature. Therefore, the
above-mentioned drug interaction and their relation to
bone density increase are mere speculations. Thus, the
mean bone density increase can be related to the absolute
effect of zoledronic acid in our patients.""

Regarding the incidence of bone necrosis or any other
pathology, no relevant clinical symptom and radiological
finding was seen in our study, although previous studies
have reported the association of necrosis of jawbone
and i.v. zoledronic acid treatment."? Most of these
studies were retrospective. The diagnosis of necrosis was
only made after clinical sign, and symptoms were noted.
A retrospective study by Ruggiero e a/”" even reported
that most of the necrosis affected patient had dental
disease that was missed by oncologist before starting the
therapy. The contrary result in our study could be due to
the reason that before starting bisphosphonate therapy,
all patients needing any dental treatment underwent the
required treatment accordingly, such as oral prophylaxis,
extraction of root stumps and any tooth with hopeless
prognosis and restoration or root canal treatment of
carious or carious exposed teeth. However, literatures show
that nonextraction cases may also report necrosis of jaw
bone, which is again contradictory to our results.” Another
reason may be that the median duration of zoledronic
exposure and necrosis risk is approximately 2 years or more,
as mentioned in previous studies."™!”#% Ryan 7 a/. in their
report, do not report necrosis of jaw bone in 1-year period
after 4 mg i.v. infusion of zoledronic acid every 3 months
for 1 year.'" Hence, as a whole, it can be concluded that
the length of exposure, dose, poor oral health, and previous
dental extraction plays a significant role in the development
Of ONJ'[Z(),2],24,2()J

The clinical significance of the finding is that the
dentist should consider the above-mentioned effect of
zoledronic acid on jaw bone while planning of dental
implant placement and performing any surgical dental
procedures."*? The medical community, especially medical
oncologists, should be aware of the consequences of
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bisphosphonate therapy on jawbones and should refer
the patients to dentists before starting the bisphosphonate
therapy. The dentist should perform a thorough dental
evaluation to rule out any dental pathology, the presence
of which should be managed beforehand.

The main limitation of this study was a shorter observation
period because patients enrolled in this study had
carcinoma with bony metastasis not involving the jaw bone;
such patients do not have long-term survival.

CONCLUSION

The administration (i.v.) of six doses of 4 mg zoledronic
acid did notlead to a significant change in bone density over
a period of 1 year in the maxillary and mandibular bones.
No adverse skeletal event was noted over the 1-year period.
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