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Abstract: Minodronate is a third-generation bisphosphonate that was developed and approved
for clinical use in osteoporosis therapy in Japan. The mechanism of action for suppressing
bone resorption is the inhibition of farnesyl pyrophosphate synthase, a key enzyme in the
mevalonic acid metabolic pathway of osteoclasts, to induce apoptosis of the cells. Minodronate
is the strongest inhibitor of bone resorption among the currently available oral bisphosphonates.
Large randomized, placebo-controlled, double-blind clinical trials have revealed an increase in
bone mineral density of both the lumbar spine and femoral neck over 3 years of daily minodronate
therapy and risk reduction in vertebral fractures over 2 years of therapy. The increase in bone
mass and the prevention of vertebral fractures are similar to those with alendronate or risedronate.
The incidence of adverse events, especially gastrointestinal disturbance, is the same as or less
than that with weekly or daily alendronate or risedronate. The unique mechanism of action of
minodronate via the inhibition of the P2X(2/3) receptor compared with other bisphosphonates
may be an advantage in reducing low back pain in patients with osteoporosis. The monthly regi-
men of minodronate, introduced in 2011, is expected to have better patient adherence and longer
persistence. In experimental animal models, minodronate preserved, or even ameliorated, bone
microarchitectures, including microcracks and perforation of the trabeculae in the short term. The
lowest incidence of bisphosphonate-related osteonecrosis of the jaw among all bisphosphonates
and the lack of atypical femoral fractures attributed to its use to date, however, are partly because
only a smaller population used minodronate than those using other bisphosphonates. To date,
minodronate is available only in Japan. Hip fracture risk reduction has not been verified yet.
More clinical studies on minodronate and its use in osteoporosis treatment, with a large number
of subjects, should be conducted to verify hip fracture risk reduction and long-term results.
Keywords: bisphosphonate, bone mineral density, fracture, minodronate, osteoporosis, farnesyl
pyrophosphate synthase, zoledronate, bone marker, bone quality, clinical trial, long-term
therapy, pain reduction

Plain language summary

As we get older, our bones become weaker. This process is known as osteoporosis. Technically,
it is a skeletal disorder characterized by decreasing bone mass, loss of normal bone structure,
and increasing risk of broken bones (fractures). Patients with osteoporosis commonly have
fractures of their hips and back (vertebral) bones. Those who suffer from hip fractures might
require long-term care, similar to those who suffer from a stroke. The main treatment for
osteoporosis is medication. Among various anti-osteoporosis drugs, minodronate, which was
developed in Japan, belongs to the class of drugs called bisphosphonates and is the strongest
suppressor of bone resorption. The usefulness of minodronate in osteoporosis treatment is not
yet known globally because, unfortunately, to date, it is available only in Japan. According to
a 2-year study, minodronate is very effective for vertebral fracture prevention. Furthermore,
patients take it more reliably and for a longer period because of its monthly regimen, compared
with the weekly regimen of other bisphosphonates. We expect that patients with osteoporosis
will need long-term therapy. In this review, we showed the effectiveness of minodronate therapy
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in patients with osteoporosis and discussed the issues that need to

be solved in the future.

Introduction

Osteoporosis is a skeletal disorder characterized by suscep-
tibility to fractures owing to decreased bone mineral density
(BMD) and deterioration of bone microarchitecture.! With
the growing number of aging individuals, the number of
patients with osteoporosis is expected to increase. In Japan,
the prevalence of osteoporosis was 3.4% among men and
19.2% among women, upon evaluation by lumbar spine
BMD, and it was 12.4% for men and 26.5% for women, upon
evaluation by femoral neck BMD, among the general popula-
tion aged =40 years.? The prevalence of existing osteoporotic
vertebral fractures in Japanese women aged =65 years was
the highest (24%—28%) among the population of the Asian
countries studied.>* Hip fracture is one of the most devastat-
ing complications of osteoporosis, which results in severe
morbidity, decreased quality of life, and even high rates of
mortality.>” Unfortunately, a recent report indicated that the
incidence of hip fractures in both men and women was still
increasing in Japan from 2009 to 2014.% However, it showed
declining trends after 1990-2000 worldwide, especially in
North America, Europe, and Oceania.’ This declining trend
was partly due to the increased numbers of the patients who
were prescribed with anti-osteoporosis drugs.!®!! Raising
prescription rates of anti-osteoporosis medications is an
urgent issue in Japan. Currently, several anti-osteoporosis
drugs are available. Among those, bisphosphonates such
as alendronate and risedronate are the first-line drugs for
osteoporosis therapy because of their strong efficacy for
vertebral and hip fracture prevention.'>'> Bisphosphonates
have several advantages over other anti-osteoporosis drugs
in addition to the efficacy for fracture prevention and
increasing bone mass. Specifically, they have alternatives
for medication dosing frequency due to their nature of long-
term accumulation in the bone. Physicians can select daily,
weekly, monthly, or even yearly regimens depending on the
patient’s preference to improve adherence and persistence.
Enhancing adherence and persistence with bisphosphonates
reduced the risk of fractures and could assist with cost-
effectiveness.!®!” Minodronate, which was developed and
approved for osteoporosis treatment in Japan, is categorized
as a third-generation bisphosphonate.'® First, the daily regi-
men (1 mg/day) was developed and came onto the market
in 2009; this was followed by the monthly regimen (50 mg/
every 4 weeks) in 2011. Publications on minodronate for
osteoporosis therapy are still scarce because minodronate has

been limited to use only in Japan (Table 1). To date, 2 review
articles on minodronate in the treatment of osteoporosis
were published in the English literatures.!*? The aim of this
article was to review the clinical efficacy of minodronate for
osteoporosis therapy, adding most recent publications on
previous review articles.

Structure of minodronate

Bisphosphonates have a P-C—P bond as their basic structure,
with R1 and R2 side chains, and are divided into 3 groups
according to variations in the R2 side chains.?! Minodronate
is categorized as a third-generation bisphosphonate.
First-generation bisphosphonates, such as etidronate and
clodronate, do not include nitrogen in the R2 side chain.
Second-generation bisphosphonates, such as alendronate,
ibandronate, and pamidronate, have an alkyl amine with
nitrogen in the R2 side chain. Third-generation bisphospho-
nates, including risedronate, zoledronate, and minodronate,
have aromatic rings with nitrogen. The mechanisms for
the inhibition of osteoclast function differ between the first
(non-nitrogen-containing) and second/third generations
(nitrogen-containing). First-generation bisphosphonates
convert themselves into ATP analogs after being metabolized
in the osteoclasts and induce osteoclast apoptosis; however,
nitrogen-containing bisphosphonates inhibit farnesyl pyro-
phosphate synthase (FPPS) in the mevalonic acid metabolic
pathway in osteoclasts so that osteoclasts can be inactive and
induce osteoclast apoptosis.?> The order of the power of inhi-
bition of FPPS is clodronate < etidronate << pamidronate <
alendronate < ibandronate < risedronate << minodronate =
zoledronate.”® Among the oral bisphosphonates, minodronate
is the strongest inhibitor of bone resorption; zoledronate
is currently available only as an intravenous injection.
Minodronate is 10,000 times more active for the inhibition of
bone resorption than etidronate and 10—100 times more active
than alendronate and risedronate.”® Conversely, regarding
the affinity to hydroxyapatite, minodronate has a moderate
affinity compared with all bisphosphonates, which is lower
than that of zoledronate. Low-affinity bisphosphonates, such
as risedronate, have weaker uptake and are more diffused to
the appendicular bone.?*?” In contrast, higher affinity bispho-
sphonates, such as alendronate, have avid uptake to bone, but
are less diffused. Faster reduction of nonvertebral fractures
is expected for low-affinity bisphosphonates because of
wider and quicker distribution to the bone.?> Minodronate,
which suppresses bone resorption strongly and has moderate
affinity to the bone, is expected to reduce not only vertebral
fracture risk, but also nonvertebral fracture risk, especially
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hip fracture risk. Unfortunately, hip fracture risk reduction
for minodronate has not yet been verified.

Randomized, double-blind,
clinical trials of minodronate for

osteoporosis

The first study to demonstrate the efficacy of minodronate for
patients with osteoporosis was reported in 2009.% The effi-
cacy and safety of minodronate were examined by direct com-
parison with alendronate in a randomized, active-controlled,
double-blind, multicenter study. Minodronate (1 mg/day)
and alendronate (5 mg/day) were administered daily to
the patients with osteoporosis in the minodronate group
(n=135) and alendronate group (n=135) for 12 months. All
patients were aged =45 years and either had a BMD <70%
or a T-score of —2.6 of the young adult mean (YAM) or had
osteopenia (a BMD <80% or 7-score of —1.7 of the YAM)
with at least 1 fragility fracture. A daily supplement of
calcium was administered to all subjects. The lumbar spine
BMD increased by 5.86% and 6.29% in the minodronate
and alendronate groups, respectively, and the total hip
BMD increased by 3.47% and 3.27% in the minodronate
and alendronate groups, respectively. Bone resorption
markers, including urinary deoxypyridinoline and N-terminal
telopeptide of type I collagen (NTX), decreased more in
the minodronate group than in the alendronate group. The
overall incidence of adverse events, including gastrointestinal
disturbance, was similar between the groups. Noninferiority
of minodronate to alendronate in terms of BMD increase,
suppression of bone resorption, and the incidence of adverse
events was observed.

A phase 11 trial with minodronate was conducted in a ran-
domized, double-blind, placebo-controlled, multicenter study
to examine the efficacy of daily minodronate for the prevention
of vertebral fractures at 24 months in 704 postmenopausal
women with established osteoporosis.?’ Postmenopausal
women, aged 55-80 years, with 1-5 fragility vertebral frac-
tures and BMD <<80% (7-score of —1.7 at the lumbar spine)
of YAM, were divided into the minodronate group with
343 patients and the placebo group with 331 patients. Daily
supplements of calcium and vitamin D were administered
to all subjects. Minodronate, administered for 24 months,
reduced the risk of vertebral fractures by 59% (95% confi-
dence interval, 36.6%—73.3%). No differences in adverse
events, including gastrointestinal disturbance, were observed
between the groups. Safety and efficacy of daily minodronate
for vertebral fracture prevention for 2 years were confirmed.

Okazaki et al*® demonstrated similar efficacy of 50 mg of
monthly minodronate with a daily regimen of 1 mg in terms
of changes in BMDs, bone turnover markers, and frequency
of adverse events by a randomized, double-blind, active-
controlled, parallel-group, multicenter study. The study
included a total of 692 men and postmenopausal women
(>96% were women) with osteoporosis, aged 51-89 years,
who had a BMD <70% (7-score of —2.6 at the lumbar spine)
of YAM or a BMD <80% (7-score of —1.7 at the lumbar
spine) of YAM with at least 1 fragility fracture. Different
doses of minodronate (either 30 or 50 mg monthly or a
daily dose of 1 mg) were administered to the corresponding
3 groups; those were randomly assigned. Efficacy for the
increase in the spine and total hip BMDs in the 30- or 50-mg
monthly group was noninferior to those of the daily group.
Changes in bone turnover markers and safety profiles were
also comparable among groups.

The 3-year results of daily minodronate on BMD, bone
turnover markers, incidence of vertebral fractures, and safety
profile were reported by the 1-year extension study of the
original 2-year phase III study.®' All participants, including
those in the placebo group in the original 2-year study, took
daily minodronate from the 24-month point. Lumbar spine
BMD increased by 10.4% in the minodronate group (n=64)
and 6.1% in the placebo/minodronate group (n=61) over
3 years. The bone turnover markers decreased steeply at
6 months and plateaued thereafter in the minodronate group,
while, in the placebo/minodronate group, they decreased just
after the initiation of minodronate at the 24-month point.
The incidence of new vertebral fractures for 3 years was
similar to that for the first 2 years. The incidence of adverse
events, including gastrointestinal disturbance, was similar in
the 2 groups. Neither bisphosphonate-related osteonecrosis
of the jaw (BRONJ) nor atypical femoral fractures (AFFs)
were reported.

Post hoc analysis of a 2-year phase II1 trial revealed that
the numbers and severity of prevalent vertebral fractures
were independent risk factors for the incidence of new
vertebral fractures, and minodronate reduced the fracture
risk.*> Daily minodronate reduced the relative risk for
vertebral fractures by 45.2%, 61.1%, and 64.2% for patients
with 1, 2, and =3 prevalent vertebral fractures, respectively,
and 87.8%, 64.6%, and 50.1% for patients with mild,
moderate, and severe prevalent vertebral fractures, respec-
tively. Due to the strong suppression of bone resorption for
minodronate, the fracture risk could be reduced even in the
patients at a higher risk of fracture.
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Other clinical studies on
minodronate

Combination therapy

Monthly minodronate combined with eldecalcitol
(0.75 ng/day) resulted in a greater increase of lumbar
spine and hip BMDs and greater decrease of bone turnover
markers than those observed in minodronate monotherapy
at 12 months in 193 patients with osteoporosis (178 were
women).’* A significant decrease in the serum 25-OH
vitamin D, level, with a concomitant increase in the serum
whole parathyroid hormone level, compared with the base-
line values during short-term (4 months) daily minodronate
monotherapy was reported.* Taken together, combined
therapy with vitamin D,, rather than minodronate mono-
therapy, may be more effective for increasing bone mass.
Daily minodronate combined with weekly subcutaneous
injection of 20 units of calcitonin increased the BMD of the
spine and femoral neck more than with minodronate mono-
therapy for 6 months in 51 women with postmenopausal
osteoporosis.®

Switching to minodronate from other

anti-osteoporosis drugs

Several studies have shown that switching to minodronate
from alendronate or risedronate increases BMD. Greater
increase of BMDs of the lumbar spine, total hip, and
femoral neck in postmenopausal women with rheumatoid
arthritis was reported over 12 months when prior long-term
weekly alendronate or risedronate was replaced by monthly
minodronate (switch group) compared with those who con-
tinued prior alendronate or risedronate (continue group).’
Another study demonstrated that BMDs of the lumbar spine
and distal radius were significantly increased at 6 months in
the switch group compared with those in the continue group
in 397 patients with osteoporosis (>90% were women).’
According to our study, a significant increase in the lumbar
spine BMD at 27 months of monthly minodronate therapy,
compared with the baseline value in the switch group, in
47 female patients with osteoporosis was observed.*® Because
of the stronger efficacy for the inhibition of bone resorption
of minodronate than that of alendronate or risedronate, more
BMD gain is expected when alendronate or risedronate is
replaced by minodronate. However, when enough remodel-
ing space in the bone is not available for minodronate to
exert its action because of prior bisphosphonate therapy,
the BMD may not increase. Lumbar spine and femoral neck
BMDs increased after switching over to minodronate from

raloxifene in 27 postmenopausal women aged 66 years, who
were unresponsive in terms of BMD to the prior =2 years
of raloxifene therapy.* It might be more effective for BMD
gain if minodronate replaced the anti-osteoporosis drugs
that have a different mechanism of action from the bispho-
sphonates. In addition, minodronate can be the first-line
drug for post-teriparatide therapy. Monthly minodronate or
raloxifene for 12 months increased the BMDs of the lumbar
spine and total hip after 2 years of daily teriparatide therapy
in postmenopausal women.*® When the turnover rates were
calculated from the changes in the bone formation marker
(bone-specific alkaline phosphatase) and resorption marker
(tartrate-resistant acid phosphatase-5b [TRACP-5b]) levels,
formation-dominant bone turnover was maintained after daily
teriparatide therapy when replaced by minodronate; however,
it was resorption dominant when replaced by raloxifene at
12 months of treatment. Ongoing bone mass gain is expected
with minodronate therapy rather than with raloxifene after
teriparatide therapy.

Minodronate for patients with hip

fractures

To date, only 1 paper examined the efficacy of minodronate
on increasing BMD for patients with hip fractures.
Ohishi et al*' investigated BMD changes after hip fracture
by administering monthly minodronate over 9 months in
51 patients with a mean age of 82.0 years. Minodronate
was administered within 3 months after hip fracture surgery.
Lumbar spine BMD increased by 2.7% compared with the
baseline values; however, femoral neck and total hip BMDs
did not change significantly. Fracture-related adverse events,
including nonunion or delayed union, were not encountered.
The patients who were independently mobile prior to injury
showed greater recovery of BMD in the hip region during
the 9 months of treatment.

Treatment preference and
persistence for monthly

minodronate

After 50 mg of monthly minodronate was approved for
clinical use, advantages of monthly minodronate over weekly
bisphosphonates were reported. Treatment preference and
persistence of monthly minodronate among patients with
osteoporosis, aged an average of 76.0 years, who were being
treated with daily or weekly bisphosphonates, were inves-
tigated.’” Two hundred and sixty-four patients were allo-
cated to the switch group, those switched over to monthly
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minodronate from weekly alendronate or risedronate, and
133 patients were allocated to the continue group, those who
continued their current therapy. Persistence of treatment
in the switch group (89.8%) was significantly higher than
in the continue group (78.9%) over 6 months. Preference of
the monthly regimen over the weekly regimen was further
confirmed by a crossover study conducted by Iwamoto
et al.*> One hundred and fifteen patients with osteoporosis
were randomly divided into 2 groups: 1 group received
monthly minodronate for 3 months, followed by weekly
alendronate or risedronate for another 3 months, and the
other group received weekly alendronate or risedronate for
3 months, followed by monthly minodronate for another
3 months. More patients preferred the monthly minodronate
(65.2%) than the weekly bisphosphonate (15.7%). Fur-
thermore, more patients found the monthly regimen to
be more convenient (73.0%) than the weekly regimen
(13.9%). According to Ebina et al, 80.8% of 84 patients
with rheumatoid arthritis who were switched to monthly
minodronate from weekly alendronate or risedronate were
satisfied and preferred monthly minodronate therapy than
weekly bisphosphonate therapy because of the lower burden
of frequency.*

Pain reduction for minodronate

The visual analog scale scores for low back pain of the
patients with osteoporosis were significantly decreased when
daily or weekly bisphosphonates were replaced by monthly
minodronate over 6 months.*’ In the direct comparison with
daily alendronate, the use of daily minodronate showed
prompter improvement for back pain than daily alendronate.*
Another study demonstrated that numerical rating scale
(NRS) scores decreased at 2 months after the initiation of
monthly minodronate in 113 patients with osteoporosis with
low back pain.* They found a significant correlation between
the rate of improvement in NRS scores and decreased serum
concentration of TRACP-5b.

Safety

There were no differences in the incidence of gastrointestinal
symptoms between the minodronate and placebo groups over
2-3 years®3! or between the daily and monthly regimens of
minodronate.*® Direct comparison with daily alendronate
showed fewer gastrointestinal adverse events in the daily
minodronate group than in the daily alendronate group over
24 weeks.* Gastrointestinal symptoms were reduced after
1 month of treatment after switching to monthly minodronate
from weekly alendronate or risedronate.’’

According to the Japanese Adverse Drug Event Report
database, the incidence of BRONIJ induced by minodronate
was the lowest among intravenous or oral bisphosphonates in
2004-2014 in Japan.”® To date, no AFF during minodronate
therapy has been reported in the English literature.

As bisphosphonates are eliminated from the body through
the kidney, the possibility of an adverse effect on renal func-
tion should be taken into consideration, especially during
long-term use.*® However, so far, no abnormality in kidney
function has been reported as an adverse event in random-
ized, controlled studies on the clinical use of minodronate.
Our study showed that estimated glomerular filtration rates
(e-GFRs) were significantly decreased during the 27-month
period of monthly minodronate therapy in female patients
with osteoporosis.*® However, the rate of decrease was almost
the same as was found in the placebo group in the Health
Outcomes and Reduced Incidence with Zoledronic Acid
Once Yearly (HORIZON) Recurrent Fracture Trial, wherein
zoledronate was administered intravenously once a year for
3 years after hip fracture.* It could indicate that the decrease
in e-GFR observed during monthly minodronate therapy in
our study was probably due to aging. In addition, only 1
case report of acute kidney injury in a patient with stage 3
chronic kidney disease treated by monthly minodronate has
been reported to date.?’

Bone quality assessment for

minodronate

Bisphosphonate administration might result in deterioration
of bone microarchitecture due to excessive suppression of
bone remodeling.*-° Recent studies have demonstrated that
long-term alendronate use induces microdamage, perfora-
tion, and weakness of the cancellous bones in the human
femoral head.’'"> However, optimal doses of minodronate
could preserve or even ameliorate bone microarchitecture, as
shown in several animal studies.” > Microdamage caused by
minodronate was less than that caused by alendronate, even
though there was stronger suppression of bone remodeling
by minodronate for 17 months of treatment for ovariecto-
mized cynomolgus monkeys.> In a rat model, minodronate,
regardless of the administration regimen (once every 4 weeks
or daily), ameliorated worsening bone microarchitectures,
including decreased bone mass and trabecular thickness, and
increased trabecular separation induced by ovariectomy over
12 months.***¢ In a clinical investigation, Ito et al*” demon-
strated that daily minodronate increased BMD, geometry,
and bone strength of the proximal femur over 12 months in
103 postmenopausal patients with osteoporosis. They concluded
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that minodronate reduced age-related endocortical bone
resorption, leading to increased cortical thickness and sus-
tained bone strength. Those previous studies in experimental
animal models and humans suggested that both daily and
monthly minodronate therapies might not deteriorate bone
quality in the short-term period. Monthly minodronate
therapy maintained bone trabecular structure, evaluated by
the trabecular bone score, which is a new surrogate for trabe-
cular bone microarchitecture assessment, at 1-year monthly
minodronate therapy following 2-year daily teriparatide
injections in 19 female subjects with osteoporosis.*®

Discussion

The R2 side chain of minodronate has a similar chemi-
cal structure to that of zoledronate. The side chain of
minodronate is a cyclic extension of the aromatic ring of
zoledronate. The efficacy of inhibition of osteoclastic bone
resorption of minodronate was the same as that of zoledronate
and was the strongest among those of the currently available
oral bisphosphonates.?? Efficacies from the 3-year results of
vertebral and hip fracture prevention by zoledronate were
reported in the randomized controlled trials in the HORIZON
Pivotal Fracture Trial (PFT).* Although the number of sub-
jects in the phase III trial of minodronate for vertebral fracture
prevention was lower and the observation period was shorter
than that of the HORIZON-PFT, significant risk reduction
of minodronate for vertebral fracture was confirmed. Fur-
thermore, increase of spine BMD for minodronate at 3 years
(+10.4%) reported in the post hoc analysis of phase 111 trial

was greater than that for zoledronate (+6.7%) in HORIZON-
PFT.3* Considering the lower affinity of minodronate
than that of zoledronate to hydroxyapatite, the efficacy of
minodronate for hip fracture prevention is expected because
of a possibly wider distribution of minodronate than that of
zoledronate.

Clinical studies on minodronate for osteoporosis therapy
are still scarce. Only 12 papers evaluating BMD or bone turn-
over changes, where the observation period was =12 months,
were published to date in the English literature (Table 1).
Alendronate, risedronate, and zoledronate have strong effica-
cies for BMD increase and fracture prevention according to
the recent systematic review articles.®¢* Efficacies for BMD
increase and vertebral fracture prevention by minodronate
are similar to that by other bisphosphonates (Table 2). The
monthly regimen of minodronate has been available on the
market since 2011. The monthly regimen has noninferiority
to the daily regimen in terms of BMD increase, suppression
of bone turnover, and incidence of adverse events.? It is well
known that the monthly regimen of oral bisphosphonates had
several advantages over the daily or weekly regimens regard-
ing adverse events, patient’s preference, and adherence.®*%
As with other bisphosphonates, patients with osteoporosis
were more adherent to the monthly minodronate than to the
daily or weekly regimens.***4! Longer persistence could be
expected for monthly minodronate therapy than for daily or
weekly therapy with other bisphosphonates.

In addition to reduction of the incidence of first hip
fracture being important, the prevention of a second hip

Table 2 Comparisons of lumbar BMD change and vertebral fracture risk reduction among bisphosphonates over 2-3 years

BP Study Age Patients n FU (years) Lumbar spine RR for VF
(years) BMD change
Minodronate Matsumoto  55-80 Women with 1-5 VF and BMD <80%  MIN 359 2 N/A 59%
I mg daily et al” YAM of lumbar spine PLC 345
Hagino MIN 226 3 +10.4% 42%
et al® PLC/MIN® 218 +6.1%
Alendronate 5 Liberman 45-80 Women with BMD <2.5 SD YAM of  ALN 526 3 +8.8% greater 48%
or 10 mg daily  etal® lumbar spine PLC 355 than PLC
Black 55-80 Women with existing VF ALN 1,022 3 +6.2% greater 54%
etal'?"* PLC 1,005 than PLC
Women without VF and a T-score ALN 819 3 N/A 16%
<-2.5 of femoral neck BMD PLC 812
Risedronate Harris <85 Women with =2 VF and a T-score RIS 678 3 +5.4% 41%
2.50r5mg etal’ <-2 of lumbar spine BMD PLC 696 +1.1%
daily Reginster =85 Women with at least 2 VFs RIS 346 3 +5.9% greater 49%
et al® PLC 344 than PLC
Zoledronate Black et al®*  65-89 Women with a T-score =-2.5 of ZOL 3,861 3 +6.7% greater 70%
5 mg yearly femoral neck or =1.5 with VF PLC 3,875 than PLC

Note: *Patients in PLC group were administered daily minodronate for 2 years.

Abbreviations: ALN, alendronate; BMD, bone mineral density; BP, bisphosphonate; FU, follow-up period; MIN, minodronate; N/A, not analyzed; PLC, placebo; RIS,
risedronate; RR, relative risk reduction rate; VF, vertebral fracture; YAM, young adult mean; ZOL, zoledronate.
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fracture is an urgent issue. Dropout rates of taking anti-
osteoporosis medicine after experiencing a first hip fracture
were extremely high.%>-¢® Those suffering from hip fractures
are reluctant to visit the hospital, or once they are institu-
tionalized in nursing facilities, appropriate osteoporosis
therapy, especially injection medicines such as teriparatide,
denosumab, and zoledronate, is limited in use because of the
limitation of insurance. In this regard, monthly minodronate
therapy is expected to decrease the dropout rates after hip
fracture. Zoledronate and risedronate had favorable results
in gaining BMDs after hip fracture; however, only rise-
dronate decreased the incidence of second hip fractures over
3 years.®7° Monthly use of minodronate is also expected to
help increase bone mass immediately after hip fracture with-
out any adverse effect on the normal bone healing process and
might prevent subsequent contralateral hip fracture.*!

Long-term results of use of bisphosphonates for patients
with osteoporosis have been reported; they were 10 years
for alendronate,” 7 years for risedronate,” and 9 years for
zoledronate.” However, the 3-year results for BMDs and bone
turnover changes, vertebral fracture incidence, and adverse
events were from the longest follow-up for minodronate. Only
risk reduction for vertebral fractures for daily minodronate
therapy over 2 years has been reported to date.?® More par-
ticipants are required to verify the efficacy for hip fracture
prevention. This is mainly because of the limitation of the
use of minodronate in clinical setting. Currently, minodronate
is available only in Japan. Increased hip fracture prevention
with minodronate can be expected if minodronate is available
worldwide in the near future.

It is reported that bisphosphonates could reduce low
back pain in patients with osteoporosis.’*’ The mechanisms
of action of bisphosphonates for reducing low back pain
are not fully elucidated. In a rat model of bone metastasis,
zoledronate significantly reduced urinary NTX levels,
nociceptive responses, and numbers of osteoclasts in the
femoral bone. The antinociceptive responses of zoledronate
were positively correlated with the decrease of urinary NTX
level.”® According to Iwamoto et al,”” the decrease of urinary
NTX level by daily alendronate therapy for 6 months was
significantly correlated with an improvement in pain scores
of back pain in 50 elderly women with vertebral fractures.
Decrease of osteoclastic activity by inducing cellular apop-
tosis by bisphosphonates contributes to the prevention of
microfractures in the vertebrae or stabilization of the verte-
bral fracture sites, which are possibly associated with pain
reduction.”®” Another unique mechanism of minodronate
for pain reduction via the inhibition of the P2X(2/3) receptor

may add an advantage over other bisphosphonates.®” The
P2X(2/3) receptor is thought to be associated with nocicep-
tive, inflammatory, and neuropathic pain. Strong suppression
of bone resorption by minodronate and the unique mechanism
via the inhibition of the P2X(2/3) receptor might be associ-
ated with an improvement in low back pain in patients with
osteoporosis.

Although minodronate could preserve bone microarchi-
tecture in animal studies, long-term results on bone quality
should be addressed. BRONJ and AFF are both severe
complications for long-term use of bisphosphonates due to
prolonged suppression of bone turnover and lack of bone
remodeling, probably related to the deterioration of bone
microarchitecture. The prevalence of BRONJ in patients
prescribed with oral bisphosphonates for the treatment of
osteoporosis is low, ranging from 0% to 0.04%, and there
is currently no evidence that interruption of bisphosphonate
therapy in patients requiring dental extraction reduces the
risk of BRONJ.®'#2 It is reported that the risk of developing
BRONJ associated with bisphosphonates increased after
3—4 years of bisphosphonate treatment.?** The incidence of
AFF is also rare, 1.78 per 100,000 for women taking bisphos-
phonates for less than 2 years; however, it increased to >100
per 100,000 for women taking drugs for =8 years.®? BRONJ
and AFF seemed to be less frequent with minodronate
than with other bisphosphonates.*® The lowest frequency
of BRONJ during minodronate therapy is likely due to the
shorter period for clinical use compared with that for other
bisphosphonates. We should be cautious regarding those
adverse events in the future. Furthermore, as with other
bisphosphonates, renal function during minodronate therapy,
especially for the monthly regimen, should be monitored
during long-term osteoporosis therapy.

Conclusion

Minodronate is the only anti-osteoporosis drug that has been
verified as working for risk reduction for vertebral fractures
among all the bisphosphonates approved in Japan. Relative
risk reduction rates for vertebral fractures for 2—-3 years were
comparable to alendronate or risedronate. Their incidence
of adverse events, especially gastrointestinal disorders, was
the same or less than those of other oral bisphosphonates.
Moreover, patients were more adherent to the monthly
minodronate than to the daily or weekly regimen. However,
more clinical studies, especially randomized, controlled,
double-blind trials with large numbers of subjects on
minodronate, should be conducted to verify the risk reduc-
tion for hip fractures.
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