Favorable therapeutic response of osteoporosis patients
to treatment with intravenous zoledronate compared with
oral alendronate
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Objectives: To evaluate the efficacy of orally-
administered  alendronate =~ compared  with
intravenously-administered zoledronate.

Methods: This prospective study was carried out at
Barts Health HNS Trust between April 2010 and
March 2012. This study compares changes in bone
mineral density (BMD) in 234 patients treated with
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2 bisphosphonates: alendronate taken orally, and
zoledronate administered intravenously. One hundred
and eighteen patients received alendronate at 70 mg/
week, while 116 patients received zoledronate once
annually. Dual energy x-ray absorptiometry was used
to measure BMD of the left hip and anterior-posterior
spine (lumbar L1-14) skeletal sites at baseline, and at
one-, and 2-years post-treatment.

Results: This study provides evidence that lumbar
spine BMD increased by 3.6% in patients receiving
alendronate, and 5.7% in patients receiving
zoledronate after 2 years compared with baseline
values (p=0.0001 for both). Total hip BMD decreased
in patients treated with alendronate by 0.4% but
increased in patients receiving zoledronate by 0.8%
(p=0.0001).

Conclusion: This study provides evidence that
zoledronate is more effective than alendronate in treating
patients with osteoporosis and with no gastrointestinal
(GI) serious side effects. Furthermore, zoledronate
appears to have the added advantage of a better safety
profile in patients suffering from GI intolerance of oral

bisphosphonates.
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steoporosis is a disease characterized by low

bone mass and micro-architectural deterioration
of associated tissue."* It is estimated that over 200
million people worldwide have the disease,’ and suffer
clinical consequences, including increased incidence of
bone fractures, morbidity, and premature mortality.>?
Approximately 30% of all post-menopausal women
suffer from osteoporosis.> The importance of developing
treatment strategies that reduce the risk of fracture is
therefore, evident both from individual and societal
perspectives. Treatment with nitrogen-containing
bisphosphonates, a class of potent therapeutic agents
that inhibit osteoclast-mediated bone resorption,
is one of the major pharmacological interventions
for osteoporosis.*® The primary therapeutic goal of
treatment with bisphosphonates is to reduce fracture
risks.” In placebo-controlled clinical trials, the efficacy
of bisphosphonates in improving bone mineral density
(BMD) at key skeletal sites, particularly at the lumbar
spine has been demonstrated.’”'> When compared
with placebo, all bisphosphonate formula at different
dose levels, routes, and frequency of administration
significantly increased BMD. In 2012, the Agency for
Healthcare Research and Quality (AHRQ) published an
update following a systematic review of the comparative
effectiveness of treatments for osteoporosis.”> The
AHRQ report provided evidence for decreased risk of
hip and other non-vertebral fractures in alendronate-,
risedronate- and zoledronate-treated patients even in
high-risk post-menopausal women.'? As pharmaceutical
agents, however, bisphosphonates can cause a number
of adverse events, including some that are attributed to
mode of administration. For example, gastrointestinal
(GI) complaints, such as dysphagia, esophagitis, and
esophageal and gastric ulcers are seen predominantly
with orally-administered bisphosphonates, such as
alendronate, risedronate, and ibandronate.”®'%!'® In
randomized clinical trials of alendronate involving
large cohorts of patients, high incidences of upper
GI complaints, such as dyspepsia were reported.’”*!
However, prospective studies involving untreated
osteoporosis patients to compare therapeutic efficacy
and side effects of different bisphosphonates are limited.
Intravenous bisphosphonates may be followed by an
acute-phase reaction within one to 3 days of infusion,
characterized by low-grade temperature, and muscle
and joint pain. The current study was carried out to
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evaluate the efficacy of orally-administered alendronate
compared with intravenously-administered zoledronate.
Our starting hypothesis was that zoledronate would
be as effective as alendronate but with no, or fewer,
Gl-associated adverse events. Changes in lumbar spine
and hip BMD in patients with osteoporosis receiving
either a single intravenous (i.v.) dose of zoledronate
at 5 mg/year, or oral alendronate at 70 mg/week in a
clinical setting were compared.

Methods. A cohort of 234 patients attending
the osteoporosis clinics at the Royal London and St
Bartholomew’s Hospitals, Barts Health HNS Trust
between April 2010 and March 2012 was recruited
for the study. For recruitment, patients had to have
a T score of at least minus 2.0 (-2.0) at the lumbar
spine, or the total hip as measured by dual energy
x-ray absorptiometry (DEXA) scan. Patients who were
bedridden, had diabetes mellitus, renal disease, cancer,
or were receiving steroids were excluded from the study.
One hundred and eighteen of the 234 recruited patients
received alendronate (70 mg/week) taken orally, while
116 patients received 5 mg/year zoledronate once a year
intravenously. Patients were prescribed zoledronate if
they had a history of gastrointestinal (GI) problems,
or developed GI complications within one month of
starting treatment with alendronate. Apart from the
latter patients, none of the patients was previously
treated with bisphosphonates. Patients with poor or
no compliance were excluded from the analysis and no
data from such patients is, consequently, included in
the analyses.

This study was a random prospective audit of
patients receiving alendronate or zoledronate for
osteoporosis. Patients were given the choice of either
oral alendronate, or iv. zoledronate by the treating
physician based on guidelines by the National Institute
of Clinical Excellence (NICE) in UK, and also on their
history of GI problems. Standard Arthritis Research
patient leaflets on alendronate and zoledronate were
given to the patients to aid in the decision-making
on drug choice. All recruited patients were referred to
the Radiology Department of the Royal London or
St. Bartholomew’s Hospital for DEXA scans (Hologic
Discovery QDR series, Waltham, MA, USA). The
study was authorized by the Clinical Audit Ofhice of
Barts Health HNS Trust and was carried out according
to principles of the Helsinki Declaration. All patients
signed consent forms before treatment, and their
DEXA assessment to permit the release of de-identified
demographic information.
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Sites assessed by DEXA were total left hip and
anterior-posterior spine (lumbar L1-L4) skeletal sites.
The BMD at both sites was measured simultaneously at
baseline, and then after one year, and then 2 years after
starting treatment to obtain BMD and their T-scores.
The BMD data on 116 of the 118 patients treated with
alendronate was available after one year, and on all 118
patients after 2 years of the study. For patients treated
with zoledronate, BMD data was available on 113
patients at one year, and on all 116 patients at 2 years of
the study. All patients received oral daily calcium (<1 g)
and vitamin D (<10 pg). To ensure reproducibility of
measurements and consistency of comparisons, short-
and long-term precisions were measured on a daily
basis. Short-term precision was assessed by scanning
an anthromorphic spine phantom 20 times per day.
The phantom contains a human-like spine segment
made of calcium hydroxyapatite, enclosed in a block of
water-simulant epoxy. This phantom has a BMD equal
to 0.995 g/cm’. The phantom was used so that errors
due to patient positioning did not affect measurements,
and to evaluate performance of the scanner over a
range of bone density values, and avoid operator and
patient sources of error. The long-term precision of the
scanner was determined on a daily basis using BMD
measurements of the spine phantom as a routine part
of quality control. Serum levels of calcium, phosphate,
and alkaline phosphatase were routinely measured
for the patients. All patients had values within the
normal range for these tests. Demographic, clinical and
lifestyle data were collected by interviewer-administered
questionnaire at baseline, and after one-, and 2-years
during DEXA scan appointments. Data collected
consisted of age, lifestyle (smoking, alcohol consumption
of more than 2 servings a day, and physical exercise),
personal and family history of fractures, ethnic origin,
current medications, and history of prednisone use.

Statistical analysis. Pearson’s chi-square test for
dichotomous variables was used to compare the
distribution of risk factors for osteoporosis between
groups. Student’s t-test was applied to continuous
variables. Changes in BMD between the 2 groups were
compared using Student’s t-tests with the Statistical
Package for Social Sciences version 19 software (IBM
Corp., Armonk, NY, USA). P<0.05 values were
considered statistically significant.

Results. Demographic data on the patient cohort,
their medical history and information on their lifestyle
are summarized in Table 1. All recruited patients were
interviewed by at least 2 members of the study team, and
information recorded based on face-to-face interviews.

There were no dropouts from the 234 patients whose
data is included in this study, and all 118 patients
treated with alendronate confirmed compliance with
the treatment at interviews. However, it was not possible
to verify patient statements on compliance by studying
prescription refills. None of the patients treated with
zoledronate had previously taken oral bisphosphonates
for more than one month. Patients were excluded from
treatment with alendronate only if they had a history of
GI problem, or when prescribed alendronate show such
problems within the first month of treatment. After the
first month of starting treatment, none of the patients
whose data are included in this study discontinued
alendronate treatment to be treated with zoledronate.
There were no statistically significant differences in
perceived risk factors between the treatment groups
(Table 1). The mean age of all patients was 68.5 + 12.5
years (range: 46.5-72.6 years). For patients treated with
alendronate, the mean + SEM ages was 67.5 + 12.5, and
for zoledronate the mean + SEM ages was 69.6 + 11.1.
The proportion of post-menopausal women in each
group was also not statistically different (Table 1).
However, the number of patients with fracture history
was higher in the zoledronate-treated group compared
with the alendronate group. This could suggest an
element of unintended selection bias based on the higher
fracture risk in the patients concerned. Nevertheless,
this does not appear to have adversely influenced the
analysis, and indeed, highlights the superior response in
the zoledronate-treated group. At the end of the study,
the mean duration of bisphosphonate treatment was
23.8 + 1.3 months. Baseline BMD in both treatment
groups at the lumbar spine and total hip sites were
comparable at the start of treatment (Table 2 & Figure 1).
Improvement in BMD in patients from the 2 treatment
groups after 2 years was however, different. The BMD of
the total hip decreased after 2 years in patients receiving
alendronate by 0.4% from the baseline, whereas in
the zoledronate-treated group, it increased by 0.8%
(Figure 1A). The BMD at the lumbar spine increased
after 2 years in patients receiving alendronate by 3.6%,
and zoledronate by 5.7% (Figure 1B). The increase in
BMD at both sites was significantly greater in patients
receiving zoledronate compared with patients receiving
alendronate (p=0.001).

Discussion. This study demonstrates that treatment
of osteoporosis patients with zoledronate once a year
by i.v. injection is more effective than oral alendronate
in increasing BMD at the hip and lumbar spine sites.
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Table 1 - Demographic, clinical, and lifestyle data on the patient cohort studied for treatment efficacy of alendronate

and zoledronate.

Oral alendronate Intravenous P-value
Parameter 70 mg once weekly, zoledronate 5 mg/year,
n=118 n=116
Age, mean + standard deviation (SD) 67.5+12.5 69.6 +11.1
Female, n (%) 98 (83.0) 100 (86.0)
Post-menopausal 92 (94.0) 98 (98.0)
Fracture history (vertebral and peripheral), n (%) 19 (16.0) 28 (24.0)
Familial fracture, n (%) 16 (14.0) 17 (15.0)
Calcium intake (mg/day), mean + SD 692 + 266 697 + 259
Vitamin D, pg, mean + SD 6.40 + 2.9 6.45+2.9 £=0.978
Prednisone (history), n (%) »=0.986
Ever used prednisone 21 (18.0) 23 (20.0)
Currently use prednisone 9 (8.0) 5 (4.0
Never used prednisone 88 (74.0) 88 (76.0)
History of medically-induced menopause, n (%) 10 (9.0) 9 (8.0) »=0.184
Been on hormone replacement therapy, n (%) 8 (7.0) 9 (8.0)
Low body mass, n (%) 6 (5.0) 9 (8.0)
Lifestyle (history), n (%) »=0.731
Smoking 17 (15.0) 17 (15.0)
Alcohol consumption (more than 2 servings) 7 (6.0) 5 (5.0
Physical (weight bearing exercises) 12 (10.0) 20 (17.0)
Ancestral origin, n (%) »=0.988
Caucasian 92 (78.0) 98 (84.0)
Asian 20 (17.0) 14 (12.0)
Afro-Caribbean 6 (5.0) 4 (4.0)

p-values are statistical comparisons of data from the 2 groups of patients

Table 2 - Mean bone mineral density (BMD) and T-score changes in the alendronate and zoledronate treated groups for 2 years.

Parameter Before treatment After one year After 2 years
Alendronate  Zoledronate Alendronate  Zoledronate Alendronate  Zoledronate
Lumbar spine
Mean + SD, BMD, g/cm? 0.82 +0.1 0.75+0.1 0.834+0.1 0.772 £ 0.1 0.85+0.1 0.793 £ 0.1
P-value $=0.001 £=0.001 $=0.001 £=0.001
Mean T-score + SD, % 221+1.1 -2.81+0.8 21+1.1 -2.65+0.7 -1.98 + 1.2 -2.45+1.0
P-value =03 £=0.02 £=0.02 £=0.02
Mean + SD, BMD change 1.86 + 0.4 2.89+0.7 3.58 + 0.4 5.69 + 0.8
P-value £=0.001 £=0.001 $=0.0001 £=0.001
Total hip
Mean + SD, BMD, g/cm? 0.79 £ 0.1 0.75+0.1 0.792+0.2 0.760 + 0.1 0.787 £ 0.1 0.756 + 0.1
P-value £=0.02 =0.01 £=0.01 £=0.01
Mean T-score + SD -1.37£0.9 -1.68+09 -1.36z+1.1 -1.66 + 0.8 -1.36 £ 0.8 -1.65+0.9
P-value »=0.1 »=0.03 »=0.2 »=0.01
Mean + SD, BMD change, % 0.25+0.3 1.3+0.4 -0.41+0.4 0.78 + 0.5
P-value £=0.01 £=0.03 £=0.0001  p=0.0001

SD - standard deviation. p-value indicates probability of statistical differences in mean BMD, mean T-scores, and % change in
p y g

mean BMD for the 2 groups of patients after one-, and 2 years compared with baseline values (before treatment)

Improvement in BMD in response to treatment with
both agents was seen in both sets of patients after
one year. However, BMD increased by a significantly
greater magnitude in patients treated with zoledronate
than patients treated with alendronate, suggesting
superiority of the medication in improving BMD.

1308 Saudi Med ] 2015; Vol. 36 (11)

WWW.Smj.0rg.sa

The overall lower increase in BMD in the hip region
compared with the lumbar spine is likely to be due to
higher bone remodelling processes that are especially
prominent in cancellous bone abundant in the lumbar
spine.?* Differences in BMD between the 2 treatment
groups, however, were not due to differences in baseline
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demographics of the patients, such as age, gender, or
menopausal status since these were not significantly
different between both groups.

The observations made in the study could be of
clinical relevance with the small caveat that the findings
could have been marginally influenced by selection
bias, such as selecting patients with a higher fracture
history, and also patients with GI intolerance to receive
zoledronate rather than alendronate. However, positive
effects on total hip BMD were observed after 2 years
of treatment only in patients treated with zoledronate
indicating that this agent is an effective alternative
to alendronate in treating osteoporosis patients.
Although the data clearly shows a superior response of
osteoporosis patients to treatment with zoledronate as
compared with alendronate, we consider that treatment
compliance of patients with alendronate have to also
be taken into consideration although significant efforts
were made in the current study to corroborate patient
compliance. Thus, even mild adverse effects, such as
GI intolerance and concerns regarding such side effects
could have led to lack of adherence to, or persistence
with treatment by some patients as observed by other
investigators.” This is important considering that there
is some evidence to suggest that treatment compliance
and persistence increases with reduced dosing and
frequency of administration.?*** Treatment with
zoledronate presents the opportunity for once-yearly i.v.
administration, and is reported to increase treatment-
adherence, especially in patients with polypharmacy.”
Furthermore, improvement in adherence has been
associated with a reduction in fracture risk.”® For these
reasons, zoledronate has become often the preferred
treatment of choice for those with GI intolerance to
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other treatments in the same class.* However, patients
with confirmed, or suspected poor, or no compliance
were excluded from the analysis in our study when
the information was available. Our results, therefore,
provide good evidence that zoledronate has a notable
superior effect on improving BMD at both assessed
sites.

Incidences of serious adverse events were not
recorded for either treatment-group in the current
study. However, there is published evidence to indicate
that orally-administered bisphosphonates are more
likely to cause GI side effects than intravenous ones.
Moreover, it can be inferred from the dose-route and
regime used that patients are more likely to comply,
and persist with zoledronate than with alendronate
treatment. Nevertheless, incidences of acute-phase
responses (APR) have been reported in patients treated
with zoledronate.” However, all APR components had
their peak onset within one day, the median duration
for 3 days, and severity rated as mild, or moderate in
90% of patients. Vitamin D supplementation was
reported to reduce the musculoskeletal pain element
of APR, and deficiencies must, therefore, be corrected
prior to administration of zoledronate.””* Calcium
supplementation is also prescribed to counter the
calcium-lowering effects of zoledronate through its
effect on reducing bone turnover. It is also important
to mention that renal deterioration progressing to renal
failure has been observed by other investigators after an
average of 56 days of zoledronate administration in some
patients.” Zoledronate is, therefore, contraindicated
in patients with renal impairment, and all patients
administered with zoledronate should be monitored for
renal function regularly as a precautionary measure.
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Figure 1 - Change in bone mineral density (BMD) from baseline to one and 2 years after treatment at: A) the hip; and B) the lumbar spine sites in patients
with osteoporosis receiving oral alendronate, or zoledro=nate. The BMD of the hip and lumbar spine were determined by dual energy x-ray
absorptiometry scan at baseline (time 0), and at one, and 2 years post treatment initiation. Percent changes in BMD values are presented as
the mean for each group with their corresponding standard deviations. p=0.0001 in change in BMD from baseline to 2 years between patients
treated with zoledronate compared with patients treated with alendronate in both sites after 2 years.
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One limitation of the current study to be taken into
consideration when treating patients is that assessment
of the effects of alendronate and zoledronate involved
measuring BMD, which is a surrogate measure of
osteoporosis progression. However, the primary goal
of treatment remains fracture reduction although
low BMD remains the most recognized risk factor
for predicting fractures.®® Nevertheless, extrapolation
from these results to the wider clinical application of
bisphosphonate should be undertaken with caution,
since the data were collected over 2 years only. Studies
for longer periods will be needed to assess the long-term
efficacy and side effects of zoledronate. In addition, the
use of biochemical bone turnover markers could be
helpful in confirming our data, and in addition, could
also help gain further insights into the mechanism of
action of these therapeutic agents.

In summary, the current study confirms that
treating osteoporosis patients with oral alendronate or
with i.v. zoledronate is therapeutically beneficial for
patients with osteoporosis. However, treatment with
zoledronate offers therapeutic advantages. Therefore,
zoledronate appears to be an acceptable alternative to
oral bisphosphonates in the treatment of osteoporosis
patients in general, and especially those who cannot
tolerate oral bisphosphonates.
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