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Abstract: This study aimed to clarify the effects of short-term bisphosphonate (BP)
administration in Japanese osteoporotic patients retrospectively. Daily minodronate (MIN) at
1 mg/day (MIN group) or weekly risedronate (RIS) at 17.5 mg/week (RIS group) was primar-
ily prescribed for each patient. We analyzed the laboratory data of 35 cases (18 of MIN and
17 of RIS) before the start of treatment and at 4 months afterward. The changes in 25(OH)D,,
whole parathyroid hormone (PTH), serum pentosidine, and the bone turnover markers urinary
cross-linked N-telopeptide of type I collagen (NTX), serum tartrate-resistant acid phosphatase
(TRACP)-5b, bone-specific alkaline phosphatase (BAP), and undercarboxylated osteocalcin
were evaluated. Overall, serum 25(OH)D, was significantly decreased from 21.8 to 18.4 ng/mL
at 4 months, with a percent change of —14.7%. Whole PTH increased significantly from 23.4
to 30.0 pg/mL, with a percent change of 32.1%. Serum pentosidine rose from 0.0306 to
0.0337 pug/mL, with a percent change of 15.2%. In group comparisons, 25(OH)D, and pento-
sidine showed comparable changes in both groups after 4 months of treatment, whereas whole
PTH became significantly more increased in the MIN group. All bone turnover markers were
significantly decreased at 4 months in both groups. Compared with the RIS group, the MIN
group exhibited significantly larger value changes for urinary NTX, serum TRACP-5b, and
BAP at the study end point. This study demonstrated that serum 25(OH)D, became significantly
decreased after only 4 months of BP treatment in Japanese osteoporotic patients and confirmed
that MIN more strongly inhibited bone turnover as compared with RIS.
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Introduction

The primary goals of osteoporosis (OP) treatment are the prevention of bone fragility
fractures and maintenance of skeletal health. Dietary, exercise, and pharmacological
therapies are all prescribed for OP depending on its severity and progress in individual
patients.! There are various drugs available for OP, the mainstay of which are
bisphosphonates (BPs), such as alendronate (ALN) and risedronate (RIS).? These agents
were approved in Japan in 2001 and have been prescribed as the core treatments for OP.
The currently approved doses of ALN and RIS in Japan are 5 mg/day (35 mg/week)
and 2.5 mg/day (17.5 mg/week), respectively, which are often half of those prescribed
abroad. Thus, the bone metabolic data of Japanese patients for ALN and RIS may
differ from findings worldwide.
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Developed and recently approved in Japan in 2009,
minodronate (minodronic acid hydrate; MIN) is the strongest
inhibitor of bone resorption among commercially available.?
In fact, MIN was the only BP demonstrated to prevent
vertebral fractures in Japanese osteoporotic patients in a
placebo-controlled Phase I1I trial.* We previously compared
the early changes in bone turnover markers between MIN
and RIS and found MIN to more strongly and immediately
inhibit bone turnover.’

The important regulatory hormones in bone metabolism
are 1,25(0OH),D, and parathyroid hormone (PTH). The
main form of vitamin D in the serum is 25(OH)D,, which
is also its major storage conformation. The concentration of
25(0OH)D,;, is approximately 1,000 times greater than that of
1,25(OH),D,. The changes in 25(OH)D, after BP treatment
are controversial since it may remain constant or decrease
after short-term BP therapy.®’ Although adequate levels of
serum 25(OH)D, are important in osteoporotic treatment,’
there have been no detailed reports on the effect of BP treat-
ment on 25(OH)D; in Japanese patients.

Pentosidine is a well-described advanced glycation end
product that has a strong linear correlation with cortical
bone pentosidine levels.”!? As it is also a metabolic product
derived from bones, we have speculated that plasma pento-
sidine decreases with time during short-term BP treatment
due to the suppression of bone turnover. However, we lack
precise data on the relationship between the immediate
effects of BP therapy and serum pentosidine level in the
clinical context.

In this study, we analyzed the changes in 25(OH)D,,
whole PTH, serum pentosidine, and bone turnover markers
after short-term MIN or RIS therapy to uncover novel findings
with respect to 25(OH)D, modulation by BP treatment.

Patients and methods

The subjects were patients who had been newly diagnosed
with primary OP between August 2009 and October 2010.
MIN or RIS was primarily prescribed for each patient in a ran-
domized fashion using an enveloped method. Subjects were
assigned into the group receiving 1 mg/day of MIN (MIN
group) or 17.5 mg/week of RIS (RIS group). All diagnoses
were made according to the primary OP diagnostic criteria
(2000 revision)."" Written informed consent was obtained
from all participants prior to this study.

A total of 50 patients with newly diagnosed primary OP
had provided consent to participate in a previous study.'
Among these, we analyzed the data of 35 cases (18 of MIN
and 17 of RIS) obtained just before treatment and at 4 months
afterward. Only female patients were enrolled to avoid gender

Table | Baseline patient data

Variable MIN (n=18) RIS (n=17) P-value
Age (years) 70.6+6.2 68.115.5 0.22
Height (cm) 150.9£5.0 150.0+4.5 0.6l
Weight (kg) 49.948.1 49.0£7.0 0.72
Lumbar BMD (g/cm?) 0.80+0.08 079+0.08 0.62
Hip BMD (g/cm?) 0.70+0.08 0.69+0.09 0.89

Notes: There were no significant differences between the MIN and RIS groups. Data
are presented as the mean + standard deviation. Comparisons between the groups
were performed using Welch’s t-test. There was no significant difference (P<<0.05).
Abbreviations: MIN, minodronate; RIS, risedronate; BMD, bone mineral density.

effects. There were no significant differences between the
groups with regard to age, height, weight, lumbar vertebral
bone mineral density (BMD), or proximal femoral BMD
(Table 1).

Our earlier report evaluated serum bone-specific alkaline
phosphatase (BAP) as a marker of bone formation and urinary
cross-linked N-telopeptide of type I collagen (NTX) and
serum bone tartrate-resistant acid phosphatase (TRACP)-5b
as markers of bone resorption.’ Additionally in this study,
serum 25(OH)D, and whole PTH were measured as bone
metabolic hormones along with serum undercarboxylated
osteocalcin (ucOC).

Serum BAP (reference range in postmenopausal women:
3.8-22.6 ug/L) was determined using a chemiluminescent
enzyme immunoassay/antibody radioimmunoassay. Serum
TRACP-5b (reference range in women: 120—420 mU/dL)
and urinary NTX (reference range in women: 14.3—-89.0 nmol
BCE/mmol CRE) were measured with an enzyme-linked
immunosorbent assay (ELISA; Osteomark, Osteox Inter-
national, Seattle, WA, USA). We quantified ucOC with
an electrochemiluminescence immunoassay (cutoff
value: <4.50 ng/mL). Whole serum PTH and 25(OH)D,
(reference range in women: 9-39 pg/mL and 7-41 ng/mL,
respectively) were assessed using radioimmunoassays. After
overnight fasting, serum and first void urine samples were col-
lected between 8:30 am and 10:00 am. Immunoassays were
performed by SRL, Inc. (Tokyo, Japan). Serum pentosidine
in microgram per milliliter was measured using ELISA.

BMD was measured using a dual-energy X-ray absorption
fan beam bone densitometer (Lunar Prodigy; GE Healthcare
Bio-Sciences Corp., Piscataway, NJ, USA) for the lumbar
1-4 levels of the posteroanterior spine and bilateral hips.
Although BMD values were determined for the purpose of
diagnosing OP, they were not used to evaluate the effective-
ness of BPs in this study.

In both groups, we compared the changes in
25(OH)D,, whole PTH, pentosidine, and bone turnover
markers immediately before and 4 months after the start of
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drug administration using the linear mixed models method
for multiple comparisons. Each marker value was individu-
ally adopted as a response variable: group (MIN or RIS) and
the timing of the measurement were used as fixed effects,
and the individuality of the measurement was adopted as
a random effect. P-values of <0.05 were considered to be
statistically significant. Statistical analyses were performed
using the statistical package R, version 3.2.0 (available
at http://www.r-project.org).

This study was reviewed by the Institutional Ethics
Committee at Showa Inan General Hospital (Protocol
No: 2014-2018) and carried out in accordance with the
approved guidelines retrospectively.

Results
Both groups had satisfactory drug compliance and exhibited
no major adverse events from drug therapy.

Regulatory metabolic hormones and

serum pentosidine
The combined data sets of the test groups were analyzed to
evaluate the overall effects of short-term BP treatment.
The mean + standard error serum 25(OH)D, was signifi-
cantly decreased at 4 months as compared with the baseline
value from 21.8%1.0 to 18.4£1.0 ng/mL (P<<0.01), with a
percent change of —14.8% (P<<0.01). Whole PTH increased
significantly over 4 months, from 23.4+1.6 to 30.0£2.7 pg/mL
(P<0.01), with a percent change of 32.1% (P<0.01).
Serum pentosidine rose markedly from 0.030710.0018 to
0.0337£0.0018 ug/mL (P=0.06), with a significant percent
change of 15.2% (P<0.01).

Changes in 25(0OH)D,

In the MIN and RIS groups, serum 25(OH)D, values before
drug administration were similar and had become signifi-
cantly decreased at 4 months of BP treatment (both P<<0.01;

Tables 2 and 3). The percent change of 25(OH)D, was —15.7%
for MIN (P<0.01) and —13.9% for RIS (P<<0.01), which
were comparable (Figure 1A).

Changes in whole PTH

Whole PTH was significantly increased at 4 months in the
MIN group (P<<0.01), but had not changed remarkably
for RIS (P=0.45; Tables 2 and 3). The percent change of
whole PTH was 51.2% for MIN (P<<0.01) and 11.8% for
RIS (P=0.33), which was significantly different (P<0.05;
Figure 1B).

Changes in pentosidine

In both groups, pentosidine increased significantly in a com-
parable manner (Figure 1C), with a percent change of 16.0%
for MIN (P<<0.05) and 14.3% for RIS (P=0.09) after 4 months
of drug administration (Tables 2 and 3; Figure 1C).

Markers of bone metabolism
Bone resorption markers
Urinary NTX was significantly lower at 4 months of treat-
ment as compared with baseline values in the MIN and RIS
groups (both P<<0.01). We witnessed a significantly larger
decrease in the MIN group (P<<0.01; Figure 2A), with a
percent change of —62.4% (P<<0.01) vs —37.8% in the RIS
group (P<<0.01; Tables 2 and 3).

Serum TRACP-5b was also significantly lower at
4 months than pretreatment levels in both groups (P<<0.01),
with a percent change of —50.4% in the MIN group (P<<0.01)
and —32.1% in the RIS group (P<<0.01; Tables 2 and 3).
Again, the percent change was significantly larger in the MIN
group than in the RIS group (P<<0.05; Figure 2B).

Bone formation markers
In both groups, serum BAP was significantly lower at
4 months after the start of drug administration as compared

Table 2 Laboratory data for the MIN group before and after treatment

Variable Before After P-value (before vs % change P-value
treatment 4 months after 4 months) (% change)
25(0OH)D, (ng/mL) 21.6+1.4 18.3+1.4 <0.01* —15.7£3.4 <0.01*
Whole PTH (pg/mL) 24.41+3.0 35.243.0 <0.01* 51.2+11.6 <0.01*
Pentosidine (ug/mL) 0.0317+0.0026 0.0348+0.0026 0.17 16.0£7.9 <0.05%
Urinary NTX (nmol BCE/mmol Cre) 56.5£3.2 19.843.2 <0.01* —62.4t4.8 <0.01*
TRACP-5b (mU/dL) 493.0+27.6 218.0+27.6 <0.01* —-50.4+5.6 <0/01*
BAP (ug/L) 31.3£1.6 21.5%1.6 <0.01* -30.7+4.7 <0.01*
ucOC (ng/mL) 5.6+0.8 3.310.8 <0.01* —38.3£10.4 <0.01*

Notes: The 4-month values of 25(OH)D,, whole PTH, urinary NTX, TRACP-5b, BAP, and ucOC in the MIN group were significantly different from those of pretreatment
levels. Data are presented as the mean * standard error. *Significant difference (P<<0.05).
Abbreviations: MIN, minodronate; PTH, parathyroid hormone; NTX, urinary cross-linked N-telopeptide of type | collagen; TRACP-5b, tartrate-resistant acid phosphatase;

BAP, bone-specific alkaline phosphatase; ucOC, undercarboxylated osteocalcin.
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Table 3 Laboratory data for the RIS group before and after treatment

Variable Before After P-value (before vs % change P-value
treatment 4 months after 4 months) (% change)

25(OH)D, (ng/mL) 21.9+1.5 18.6£1.5 <0.01* —-13.9£3.5 <0.01*
Whole PTH (pg/mL) 22.443.1 24.543.1 0.45 11.8£12.0 0.33
Pentosidine (ug/mL) 0.0295+0.0026 0.0324+0.0026 0.20 14.318.1 0.09
Urinary NTX (nmol BCE/mmol Cre) 67.4£3.4 37.0+3.4 <0.01* -37.8+4.9 <0.01*
TRACP-5b (mU/dL) 519.0+28.8 339.1£28.8 <0.01* -32.1+5.5 <0.01*
BAP (ug/L) 27.8+1.7 22.6x1.7 <0.01* —14.7+4.8 <0.01*
ucOC (ng/mL) 6.610.8 4.810.8 <0.01* -29.2£10.7 0.01*

Notes: The 4-month values of 25(OH)D,, urinary NTX, TRACP-5b, BAP, and ucOC in the RIS group were significantly different from those of pretreatment levels. Data are
presented as the mean = standard error. *Significant difference (P<<0.05).

Abbreviations: RIS, risedronate; PTH, parathyroid hormone; NTX, urinary cross-linked N-telopeptide of type | collagen; TRACP-5b, tartrate-resistant acid phosphatase;
BAP, bone-specific alkaline phosphatase; ucOC, undercarboxylated osteocalcin.

with just prior (P<0.01). The percent change of BAP  Other bone turnover markers
was —30.7% (P<0.01) in the MIN group and significantly =~ Serum ucOC was significantly decreased at the study end
less (—14.7%; P<<0.05) in the RIS group (P<<0.05) (Tables2  point in both groups (P<<0.01). The percent changes for this

and 3; Figure 2C). parameter were —38.3% and —29.2% in the MIN (P<<0.05)
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Abbreviations: NTX, urinary cross-linked N-telopeptide of type | collagen; TRACP-5b, tartrate-resistant acid phosphatase; BAP, bone-specific alkaline phosphatase;

ucOC, undercarboxylated osteocalcin; MIN, minodronate; RIS, risedronate.

and RIS (P=0.01) groups, respectively (Tables 2 and 3),
which were comparable (P=0.54; Figure 2D).

Discussion

The representative major and main storage form of vitamin D
in the human body is 25(OH)D,. Although it is generally
believed that 25(OH)D, levels remain stable if nutritional
conditions are maintained, this study revealed that serum
25(OH)D, decreased significantly by short-term BP admin-
istration. To the best of our knowledge, this is the first study
demonstrating early 25(OH)D, changes during osteoporotic
treatment in Japan.

Olmos et al” reported that 25(OH)D, values did not
change by monthly ALN treatment for 3 months. In Korean
patients, Chung et al® observed that 25(OH)D, decreased by
16.9% after 4 months of monthly RIS treatment, which was
not significant, but had decreased significantly by 13.6% after

weekly RIS treatment. Kim et al'* described that 25(OH)D,
values became significantly reduced after 16 weeks of weekly
ALN treatment, with a percent change of approximately —9%.
Here, we showed that 25(OH)D, was significantly decreased
by short-term BP treatment. Several BPs may lower
25(OH)D, values in Asian people. However, no obvious
differences have been reported to date, despite administered
doses in Korea being double of those in Japan.

The mechanism by which 25(OH)D, decreases using anti-
resorptive drugs is currently unknown. Serum calcium (Ca),
1,25(0H),D,,
body. Shiraki et al'* and Nakamura et al'* have observed that
values of 1,25(0OH),D,, with very a short half-life, were sig-
nificantly increased by BP and denosumab soon after admin-

and PTH are tightly regulated in the human

istration. Thus, we hypothesize that 1) BP treatment decreases
serum Ca, which increases serum PTH and 1,25(0OH),D,">'¢

and 2) a depletion in 25(OH)D, occurs due to its conversion
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to 1,25(0OH,)D,. In this study, bone inhibitory effects were
significantly greater in the MIN group than in the RIS group.
These findings using BP doses of half of those elsewhere in
Asia' suggest that bone inhibitory effects alone might not
be responsible for the decline in vitamin D values.

This investigation revealed that while the decrease in
25(OH)D, level in the MIN group was similar to that in the
RIS group, PTH was significantly increased at 4 months of
treatment in the MIN group only. Okazaki et al'® witnessed
that serum PTH values peaked at 1 month by daily MIN
administration and displayed significantly high values at
3 months of treatment, but then returned to baseline values at
6 months. In their study of ALN, Shiraki et al'* reported that
PTH peaked at 4 weeks and then decreased. They also found
that daily RIS administration (2.5 mg) significantly increased
PTH until 4 weeks, which fell thereafter. The percent changes
of PTH values hovered around 20% at 12-24 weeks. There
have been no trials on the changes in PTH by weekly RIS
treatment in Japan. We suspect that weekly RIS doses caused
smaller changes in serum PTH as compared with daily RIS
therapy, and that any increases in PTH by RIS had diminished
by 4 months. It was also possible that 25(OH)D, level was
already low as a consequence of 1,25(OH),D, formation.

As 10(OH)-vitamin D, alfacalcidol (ALF) is a vitamin D
analog that is frequently used for OP treatment in Japan.'”'®
ALF undergoes 25-hydroxylation in the liver, and the
resulting 1,25(OH),D, promotes the absorption of Ca and
phosphate.'” Orimo et al reported that ALN plus ALF more
significantly inhibited vertebral fractures than ALN alone
within the first 6 months by an undescribed mechanism.
There have been numerous reports that low 25(OH)D, level
is arisk factor for fractures.' A Korean study concluded that
BPs alone decreased 25(OH)D, readings at 16 weeks, while
25(OH)D, increased by the combined therapy of native D,
and cholecalciferol.®!® Thus, it can be presumed that 1) BP
alone decreases the values of 25(OH)D, and thereby aug-
ments fracture risk and 2) the combined therapy of BPs with
ALF might not affect 25(OH)D,. Such discrepancies may
lead to a significant risk of fractures by BP monotherapy
rather than combined treatment.

It is unknown why the fracture prevention effects of com-
bined ALN and ALF disappear in the long run, as reported
by Orimo et al."” Nakamura et al*® have shown that serum
25(0OH)D, values increased significantly by long-term BP
therapy without vitamin D addition, which suggests that the
effects of combined therapy with BPs and vitamin D might
negate or decrease the effects caused by the chronic therapy
with BPs alone.

Advanced glycation end products including pentosidine
might have accumulated and adversely affected the biome-
chanical properties of the bone. It has been previously shown
that treatment with BPs increases bone pentosidine levels or
alters bony architecture.?'?* Pentosidine levels were found
to be higher in the cortical and trabecular bones of patients
with femoral neck fracture than in those of age-matched
controls.”!® However, the direct assessment of pentosidine
in bones is not practical in the clinical setting because it
involves invasive procedures, such as bone biopsy. An earlier
study disclosed that plasma pentosidine content possessed
a significant linear correlation with that in cortical bone,?
suggesting its use as a surrogate marker for pentosidine
bone content and bone strength. We reported on serum
pentosidine levels before and after 3 years of treatment with
BPs in different studies, which produced varying results.'>?
This may have been due to differences in the timing of
sample testing, which was either right after collection'? or
after 3 years of frozen storage.”® The present study showed
that serum pentosidine became significantly increased at as
early as 4 months of BP administration in patients with OP
(percent change: 15.2%, P<<0.01). If serum pentosidine were
a metabolic bone product following bone resorption, these
values would have decreased from bone turnover inhibition
by BP treatment. Thus, serum pentosidine appears not to be
a metabolic bone product.

Lastly, nitrogen-containing BPs were seen to inhibit
farnesyl pyrophosphate synthase (FPPS) in the mevalonate
pathway in osteoclasts. This inhibition suppressed the func-
tion of osteoclasts and induced their apoptosis, thereby
inhibiting osteoclastic activity.?® Both MIN and RIS are
nitrogen-containing BPs. However, it is known that the
50% inhibitory concentration against FPPS is considerably
lower for MIN at 3 nM than for RIS at 10 nM, indicating a
stronger ability of MIN.?” In a recent report on BP binding
to FPPS, MIN bound more strongly in pockets for BP side
chains and occupied more binding sites as compared with
ALN or RIS.?® Here, MIN also exhibited strong effects on
bone resorption inhibition, which were particularly appar-
ent in comparisons with RIS, and supported the notion of a
stronger binding force with FPPS.

Limitations

The limitations of this study were that 1) it was not strictly
randomized or double-blinded, although its principal aim was
not direct comparison of the two BPs, 2) 25(OH)D,, whole
PTH, and pentosidine were measured only once during the
treatment course, and 3) 1,25(0OH),D, was not evaluated.
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Thus, the modulation of pentosidine, PTH, 25(OH)D,, and
1,25(0OH),D, all require further examination in long-term
follow-up.

Conclusion

In summary, 25(OH)D, levels were significantly decreased in
both MIN- and RIS-treated groups at 4 months of treatment.
PTH and serum pentosidine became significantly increased
in the MIN group only, which confirmed the significantly
stronger inhibition of bone resorption by this drug.
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