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Abstract

Background: Denosumab is a major treatment option for patients with postmenopausal osteoporosis; however,
the evidence for its use is lacking. Therefore, in this 24-month retrospective study, we aimed to evaluate the effects
of switching from minodronate (MIN) to denosumab in these patients.

Methods: Patients with postmenopausal osteoporosis either switched from MIN to denosumab (Group 1;
n = 32) or continued MIN treatment (Group 2; n = 24). Bone mineral density (BMD) of the lumbar spine
(L2–L4) and femoral neck was assessed at baseline and every 6 months for 24 months. Serum bone-
specific alkaline phosphatase (BAP) and N-terminal telopeptide were measured at baseline, 12 months,
and 24 months.

Results: Twenty-nine of the 32 patients (90.6%) in group 1 and all patients (24/24) in group 2 completed the
24-month follow-up. Switching from MIN to denosumab (Group 1) significantly increased lumbar BMD at 12,
18, and 24 months (6.1, 7.4, and 9.6%, respectively) and femoral neck BMD at 12, 18, and 24 months (2.8, 3.2,
and 3.4%, respectively), whereas MIN continuous treatment (Group 2) showed no significant difference from
baseline. Switching therapy also showed a significant decrease in serum BAP from baseline to 12 and 24
months (− 19.3 and − 26.5%, respectively) and serum NTX from baseline to 12 months (− 13.1%), whereas
continuous MIN treatment failed to show any significant differences from baseline.

Conclusion: Switching from MIN to denosumab in patients with postmenopausal osteoporosis showed
clinical benefits with regard to BMD and bone turnover markers in comparison with continuous MIN
treatment. It may therefore be a valid treatment option in the clinical setting.
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Background
Postmenopausal osteoporosis is the most common bone
disease. It is characterized by reduced bone mass and
microscopic changes in the architecture resulting in im-
paired strength of bones, with consequent increased sus-
ceptibility to fracture, which results in high medical
expenditures and substantial morbidity with a decrease
in quality of life [1, 2]. The bone mineral density (BMD)
reduces with age in the entire population, and women
are particularly at higher risk since they rapidly lose
bone in the peri- and post- menopausal periods [2]. Age,
sex, family history, low baseline weight, weight loss, and
alcohol use in women, and smoking in men are generally
associated with low BMD [2]. Owing to an increasing life
expectancy, the number of patients has been progres-
sively increasing worldwide [3]. One of the most debili-
tating complications of osteoporosis is hip fracture,
which has an estimated probability of 3.5% in men and
14.6% in women around the age of 50 years old. Ap-
proximately 20–50% patients with hip fracture suffer
from a decreased quality of life, depression, loss of self-
esteem, and social isolation, which leads to the drastic ele-
vation of one-year mortality rate, up to 14–60% [4–7].
Vertebral fractures are extremely common complications
of osteoporosis and often asymptomatic. However, mul-
tiple vertebral thoracic fractures may induce restrictive
lung disease and secondary heart problems. Lumbar frac-
tures may cause gastrointestinal complaints, back pain
(both, acute and chronic), depression, and positional re-
striction, resulting in increased mortality [7, 8]. In view of
these numerous complications, the main objective of
treating postmenopausal osteoporosis is the prevention of
future fractures.
The two types of treatment options for osteoporosis

include anti-resorptive and anabolic agents. Anti-
resorptive drugs include bisphosphonates (e.g. alendro-
nate, minodronate (MIN), etidronate, risedronate, pami-
dronate, and zoledronate), selective estrogen-receptor
modulators (raloxifene and bazedoxifene), active vitamin
D3 derivatives (alfacalcidol and eldecalcitol), a fully hu-
man monoclonal antibody to receptor activator of nu-
clear factor κ-B ligand (RANKL; denosumab), and
thyroid hormone (calcitonin). Anabolic agents include
parathyroid hormone (teriparatide), parathyroid-related
peptide synthetic analogs (abaloparatide), and a scleros-
tin inhibitor (romosozumab) [9]. Among these treatment
options, bisphosphonates are the most widely used all
over the world. MIN is a third-generation bisphospho-
nate and the strongest inhibitor of bone resorption
among the currently available oral bisphosphonates. In
terms of bone resorption inhibition, MIN is 1000-fold
more effective than etidronate and 10–100-fold more ef-
fective than alendronate [10]. Large randomized,
placebo-controlled, double-blind clinical trials revealed a

significant increase in bone mineral density (BMD) of
both, the lumbar spine and femoral neck over 3 years of
MIN therapy and a risk reduction in vertebral fractures
in Japanese women with postmenopausal osteoporosis
[11]. Therefore, MIN continues to be one of the most
widely used bisphosphonates in Japan.
Denosumab is a fully human monoclonal anti-RANKL

IgG2 antibody that inhibits the binding of RANKL to its
receptor on osteoclasts, thereby decreasing the bone-
resorption activity of mature osteoclasts [12]. In the
phase 3 Fracture Reduction Evaluation of Denosumab in
Osteoporosis Every 6Months (FREEDOM) trial, denosu-
mab treatment significantly reduces the incidence of
new vertebral, nonvertebral, and hip fractures compared
with placebo treatment [13]. Furthermore, in the FREE-
DOM Extension trial, 10-year treatment with denosu-
mab increases the BMD of patients progressively with a
significantly lower incidence of fracture [14]. In Japan,
denosumab is currently one of the first treatment op-
tions, as evidenced by the report that sales of denosu-
mab exceed that of each bisphosphonate [15]. Lyu et al.
performed a meta-analysis of 10 eligible trials including
5361 participants comparing denosumab and bispho-
sphonates [16]. Denosumab increases BMD more than
bisphosphonates at the lumbar spine, total hip, and fem-
oral neck. Furthermore, one study showed that denosu-
mab has a lower osteoporotic fracture incidence than
alendronate at 24 months (risk ratio, 0.51; 95% confi-
dence interval, 0.27 to 0.97) [17]. Based on this clinical
evidence, both denosumab and bisphosphonates are
widely prescribed for osteoporosis in Japan. However,
since denosumab is more easily administered by two an-
nual injections with less complication, which may pos-
sibly increase the compliance rate, it appears to be the
better choice between the two drugs. Therefore, we as-
sumed that it can be considered as a reasonable treat-
ment option to switch from bisphosphonates to
denosumab in the clinical setting. However, only a few
studies have reported the efficacy of switching from
bisphosphonates to denosumab; therefore, the evidence
level remains low.
In view of these findings, we advised patients treated

with MIN for more than 2 years to switch to denosumab
if they agreed after the detailed explanation of each drug
from treating physicians. In this study, we aimed to
retrospectively evaluate the treatment effects of patients
who switched to denosumab and compared with those
of patients who continued MIN treatment.

Methods
Subjects and study design
This retrospective study included patients with postmen-
opausal osteoporosis between January 2012 and Decem-
ber 2018. It was conducted in accordance with the
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ethical standards of the Helsinki II Declaration and ap-
proved by the institutional review board of Academic
Clinical Research Center of Osaka University (No.
19130). The participants were all Japanese women aged
45–81 years old. They were naturally or surgically meno-
pausal (> 12months since the last menstrual period or
after oophorectomy). The BMDs of their lumbar (at the
L2–L4 vertebral site) and femoral neck were measured
using dual-energy X-ray absorptiometry (Discovery-A;
Hologic, Bedford, MA, USA). In our institution, the co-
efficient of variance is < 1.0% for the lumbar spine. The
subjects who were diagnosed with osteoporosis (below
− 2.5 standard deviations of the mean value of healthy
Japanese 20–44-year-old normal women) initially re-
ceived 50 mg of MIN (Astellas Pharma Inc., Tokyo,
Japan) once a month with daily supplementation of 1 μg
of alfacalcidol and 600 mg of calcium. They were
instructed to take the tablets with 200 mL of water at
least 30 min before breakfast and not to lie down within
30min after taking the medication. After the treatment
with MIN for 2 years, they were asked to switch to deno-
sumab, if they agreed after the detailed explanation of
each drug from treating physicians. A total of 32 patients
chose this treatment option, whereas 24 patients wished
to continue MIN treatment. Patients who switched to
denosumab received 60 mg of denosumab (Daiichi San-
kyo Company, Tokyo, Japan) subcutaneously every 6
months. They further took vitamin D and calcium sup-
plementation 2 tablets (762.5 mg of precipitated calcium
carbonate, 200 IU of cholecalciferol and 59.2 mg of mag-
nesium carbonate) once daily. The information about
this study was posted on the hospital homepage with
waiver of informed consent. Subjects were excluded for
the following reasons: 1) hypocalcemia, 2) severe dia-
betes, 3) thyroid or parathyroid disease, 4) hepatic dis-
ease, 5) malignant disease, 6) hormone replacement
therapy, 7) significantly impaired renal function (creatin-
ine clearance < 35 mL/min as estimated by the Cockcroft
and Gault method), 8) hypersensitivity to denosumab, 9)
concomitant use of other agents for osteoporosis, 10)
concomitant use of agents potentially affecting bone
turnover, and 11) inappropriate to participate in the
study for other reasons. None of the participants had
previously received any bisphosphonates other than
MIN; however, patients who had previously received
hormone replacement therapy and/or selective estrogen-
receptor modulators were included in this study.

Study assessments
DEXA (Discovery-A; Hologic, Bedford, MA, USA) scans
were obtained at baseline, 6, 12, 18, and 24months for
the lumbar spine (L2–L4) on posteroanterior projections
and the femoral neck. The diagnosis of osteoporosis was
made in accordance with the 2012 version of the

Japanese diagnostic criteria published by the Japanese So-
ciety for Bone and Mineral Research [18], and the BMD
values for the L2–L4 spine widely used in Japan, were
employed. Each percent change from the baseline was cal-
culated, and the data were shown as mean value ± SE.
With regard to biochemical bone markers, serum type

I collagen cross-linked N-terminal telopeptide (NTX)
was measured as the bone absorptive parameter and
serum bone-specific alkaline phosphatase (BAP) as the
bone formation marker. At baseline, 12, and 24months,
serum NTX was measured using enzyme-linked im-
munosorbent assay (SRL Inc., Tokyo, Japan; normal
range for women: 7.5–16.5 nmol BCE/L [≤45 years old],
10.7–24.0 nmol BCE/L [> 45 years old]), and serum BAP
was measured using chemiluminescent enzyme im-
munoassay (SRL Inc., Tokyo, Japan; normal range for
women: 2.9–14.5 μg/L [≤45 years old], 3.8–22.6 μg/L
[> 45 years old]).
Adverse events were recorded at baseline and all post

visits, and their severity and relationship to treatment
were evaluated by the investigators.

Endpoints
The primary efficacy endpoint was the percent change
in lumbar BMD and femoral neck BMD from baseline.
The secondary efficacy endpoints were the percent
change from the baseline in serum BAP and NTX. Safety
endpoints included adverse events.

Statistical analysis
Paired Student’s t-test was performed to make baseline
comparisons of BMD and bone turnover markers. Each
parameter was compared between groups using the non-
parametric Wilcoxon signed-rank test. Changes in BMD
and bone turnover markers from baseline to specified
time points within each study group were also compared
using the non-parametric Wilcoxon signed-rank test.
Results are expressed as the mean ± standard error. P
value < 0.05 indicated statistical significance. All tests
were performed using JMP Pro 10 (SAS Institute Inc.,
Cary, NC, USA).

Results
Characteristics of subjects
The outline of this retrospective study is summarized in
Fig. 1. A total of 56 patients who were initially treated
with MIN were retrospectively analyzed. Among them,
46 (82%) were older than 65 years of age and the
remaining 10 were younger than 65 years. Patients older
than 65 years of age received DEXA scans to evaluate
the presence of osteoporosis. Among the remaining 10,
8 had underwent salpingo-oohorectomy, 1 had received
an aromatase inhibitor for breast cancer, and 1 had re-
ceived hematopoietic stem cell transplantation for
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leukemia. Since these previous treatments are obvious
risk factors for osteoporosis, they received DEXA scans
for check-up. Among them, 32 (57.1%) switched to
denosumab (group 1) and 24 (42.9%) continued MIN
treatment after a 2-year initial treatment (group 2). The
characteristics of both groups are summarized in Table 1.
The median age of all the participants was 69 years
(range, 45–81 years), and the mean body mass index was
21.2 ± 2.5. These two groups did not differ with respect
to age, height, weight, body mass index, time since
menopause, percentage of patients who had experienced
surgical menopause, femoral neck BMD, lumbar BMD,
serum NTX, and serum BAP. During the treatment
period, no patient experienced new clinical fractures. In
group 1, 29 of the 32 (90.6%) patients completed the 24-
month follow-up. Three patients discontinued denosu-
mab treatment because two had adverse events (itching
without rash and repeated leg cramps, respectively), and
one was lost to follow-up. In group 2, all (24/24) patients
completed the 24-month follow-up.

Bone mineral density
Percent changes of lumbar BMD from baseline to 6, 12,
18, and 24 months are shown in Fig. 2a. Switching from
MIN to denosumab (Group 1) significantly increased
lumbar BMD at 12, 18, and 24months (6.1, 7.4, and
9.6%, respectively), whereas continuous MIN treatment
(group 2) showed no significant difference from baseline
to any specified points (− 0.5, − 1.5, and − 0.5% at 12, 18,
and 24months, respectively). Accordingly, a significant
difference was found between both groups at each time
point. With respect to femoral neck BMD, switching
from MIN to denosumab (Group 1) significantly
increased femoral neck BMD at 12, 18, and 24months
(2.8, 3.2, and 3.4%, respectively), whereas continuous
MIN treatment (group 2) failed to show any signifi-
cant differences from baseline to any specified points
(0.4, 0.9, and − 0.2% at 12, 18, and 24 months, respect-
ively) (Fig. 2b). In comparison with both groups, a
significant difference was observed at 24 months (3.4
vs − 0.2%; P < 0.05).

Fig. 1 Study design and schedule. Patients after minodronate (MIN) treatment for 2 years were asked for their willingness to switch to
denosumab. Bone mineral density (BMD) and bone turnover markers (NTX and BAP) were evaluated as indicated. Adverse events were also
recorded at baseline and all post visits
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Bone turnover markers
Percent changes in bone turnover markers from baseline
are shown in Fig. 3. Switching from MIN to denosumab
(group 1) showed a significant decrease from baseline to
12 and 24 months in serum BAP (− 19.3 and − 26.5%, re-
spectively (Fig. 3a)). For serum NTX, group 1 showed a
significant decrease at 12 months (− 13.1%) (Fig. 3b). In
contrast, continuous MIN treatment (group 2) failed to
show any significant difference at any specified points
not only in serum BAP but also in NTX. Comparison of
both groups showed that group 1 had a significantly
greater decrease than group 2 in serum BAP at 12

months (− 19.3 vs − 0.8%; P < 0.01) and 24months (−
26.5 vs 4.4%; P < 0.01) and in serum NTX at 12months
(− 13.1 vs 3.9%; P < 0.01).

Adverse events
In total, three cases of adverse events were reported: 2
cases in group 1 and 1 in group 2. In group 1, one pre-
sented itching without rash and the other presented re-
peated leg cramps. Both stopped receiving denosumab
treatment after two cycles. Serum calcium concentra-
tions of the subject who experienced repeated leg
cramps was 9.4 and 9.2 mg/dl (normal range; 8.4–10.2

Fig. 2 Percent changes from baseline in bone mineral density (BMD) at the lumbar spine (a) and femoral neck (b). Open and closed circles
indicate the switching group (group 1) and continuous MIN group (group 2), respectively. Data are shown as mean ± standard error (SE). #P <
0.05, ##P < 0.01 change from baseline within each treatment group. *P < 0.05, **P < 0.01 Group 1 versus Group 2

Table 1 Characteristics of the subjects

Characteristics Switching group
(n = 32)

Continuing group
(n = 24)

P value

Age (years), median (range) 72 (47–81) 68 (45–80) 0.152

Height (cm) 151.3 ± 4.0 152.9 ± 5.0 0.318

Weight (kg) 49.6 ± 6.1 48.3 ± 6.0 0.425

Body mass index (kg/m2) 21.7 ± 2.6 20.7 ± 2.3 0.208

Time since menopause (year) 19.2 ± 7.8 14.6 ± 9.3 0.097

Number of cases with surgical menopause, n (%) 9 (28) 5 (21) 0.756

Femoral neck BMD (g/cm2) 0.517 ± 0.064 0.553 ± 0.077 0.094

Femoral neck BMD (T-score) −2.2 ± 0.3 −2.0 ± 0.3 0.076

Lumbar BMD (g/cm2) 0.714 ± 0.096 0.744 ± 0.083 0.175

Lumbar BMD (T-score) −1.9 ± 0.4 −1.7 ± 0.5 0.155

Serum NTX (nmol BCE/L) 12.36 ± 3.62 13.35 ± 6.87 0.984

Serum BAP (U/L) 9.63 ± 3.13 9.10 ± 2.57 0.620

Mean ± Standard Error (SE), unless otherwise noted
BMD bone mineral density, NTX N-terminal telopeptide, BAP bone-specific alkaline phosphatase
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mg/dl), at 1 and 6months after switching to denosumab,
respectively. One case in group 2 had broken her right
little finger; however, she continued MIN treatment. No
serious adverse events, such as hypocalcemia and
osteoporosis-related fractures, were reported during the
follow-up period.

Discussion
In this retrospective study, switching from MIN to deno-
sumab significantly increased lumbar BMD (9.6% at 24
months) and femoral neck BMD (3.4% at 24 months),
with a certain decrease in bone turnover markers. This
indicates that instead of continuing with MIN, patients
could switch to denosumab, which is more effective at
improving BMD. Regarding bone turnover markers,
switching from MIN to denosumab significantly de-
creased serum BAP from baseline to 12 and 24months
(− 19.3 and − 26.5%, respectively); however, while it sig-
nificantly decreased serum NTX (− 13.1%) at 12 months
no corresponding decrease (− 11.5%) was observed at 24
months. Circadian rhythms strongly affect the variability
of bone turnover markers, and greater circadian changes
are seen in bone resorption markers than bone forma-
tion markers [19]. Since it was not practically possible to
collect serum samples at a fixed time from outpatients,
the collected samples needed to be validated, particularly
for NTX; this could explain the lack of significant de-
crease in serum NTX at 24months.
Although both bisphosphonates including MIN and

denosumab are antiresorptive drugs for osteoporosis,
pharmacological mechanisms of action and effects differ
[20]. Meta-analyses comparing these two drugs indicate
an overall greater efficacy of denosumab on bone metab-
olism [16, 21]. Several mechanisms may explain the dif-
ferential impacts. Bisphosphonates bind to bone mineral
and are taken up by mature osteoclasts at bone

resorption sites. Thereafter, bisphosphonates impair the
resorptive function of osteoclasts, but these disabled os-
teoclasts may persist. In contrast, denosumab binds to
RANKL and thereby blocks osteoclast formation, func-
tion, and survival [20], which causes more potent and
rapid inhibitory effects on bone resorption. With regard
to pharmacokinetics, denosumab seems to result in the
recovery of bone remodeling capability at the end of
each therapy cycle [22]. New spaces of bone tissue go
through the process of bone remodeling but fail to
undergo resorption under the inhibitory impact of the
next dose of denosumab [23]. In addition, several studies
have raised concerns about the potential harm or de-
creased efficacy of long-term bisphosphonate use on frac-
ture risks [24, 25]. Therefore, denosumab may lead to a
more favorable positive balance in bone metabolism com-
pared with bisphosphonates. In view of these findings,
switching from a long-term bisphosphonate therapy to
denosumab appears reasonable in the clinical setting.
In general, patients with osteoporosis need to receive

their treatment adherently according to the dosing in-
structions and for the prescribed duration, as it is evi-
dent that good compliance of osteoporosis treatment is
important for reducing the risk of fracture [26]. In their
meta-analysis, Karlsson et al. found that the persistence
with denosumab in women with postmenopausal osteo-
porosis is approximately two-fold higher than pooled
persistence rates from a meta-analysis of retrospective data
on oral bisphosphonates [26]. Considering the relatively
lower persistence with oral bisphosphonates, switching to
another treatment option might be acceptable if patients do
not acquire estimated effects on bone metabolism after a
certain period of oral bisphosphonate treatment.
Several studies have shown the validity of switching

therapies. Recknor et al. found that denosumab treat-
ment for osteoporosis results in greater BMD increases

Fig. 3 Percent changes from baseline in the serum concentration of bone turnover markers, BAP (a) and NTX (b). Open and closed circles
indicate the switching group (group 1) and continuous MIN group (group 2), respectively. Data are shown as mean ± standard error. ##P < 0.01
change from baseline within each treatment group. **P < 0.01 group 1 versus group 2
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than ibandronate treatment at all measured sites in post-
menopausal women previously treated with bisphospho-
nates [27]. Roux et al. indicated that transitioning to
denosumab is well tolerated and more effective than
risedronate in reducing bone turnover and increasing
BMD in postmenopausal women who had been subopti-
mally adherent to alendronate therapy [28]. Kendler
et al. reported that transition to denosumab produces
greater increases in BMD at all measured skeletal sites
and a greater reduction in bone turnover than continued
alendronate [29]. In this study, we first revealed that
switching from MIN, which is a third-generation bis-
phosphonate and much more active for the inhibition of
bone resorption than alendronate or risedronate [30–
32], to denosumab showed similar beneficial effects on
BMD and bone turnover markers. Since MIN is one of
the most widely used bisphosphonates in Japan [15], es-
tablishing clinical evidence for switching therapy from
MIN would benefit patients.
Two adverse events (leg cramp and itching without

rash) in the switching group occurred within a few
months after the second dose of denosumab. Leg cramps
can be due to hypocalcemia, but the serum calcium con-
centration of the subject was within normal range. Con-
sidering the short time onset, they may be not related to
denosumab use. Possible severe adverse events that may
occur after long-term bisphosphonate or denosumab use
are atypical femoral fracture and osteonecrosis of the
jaw [33, 34]; however, no subjects in this study presented
those complications. Considering the low incidences of
complications, a larger number of participants with lon-
ger treatment period are necessary to prove the safety
and feasibility of the switching therapy. Recently, Miller
et al. reported a pooled analysis to estimate the efficacy
and safety of switching to denosumab vs. continuing bis-
phosphonate treatment in 2850 postmenopausal women
who previously received oral bisphosphonates [35]. In
this study, the incidence rate of adverse events leading
to drug discontinuation was higher in the bisphospho-
nate continuing vs. the denosumab switching group (4.0
vs. 1.8%), suggesting the feasibility of the switching ther-
apy. The bisphosphonate group discontinued their treat-
ment due to adverse events, most commonly arthralgia,
ameloblastoma, and cerebral ischemia, although it is
believed that the overall safety profiles of the bisphos-
phonate and denosumab were similar. No events of
osteonecrosis of the jaw were reported; however, a total
of 3 patients had experienced atypical femoral fractures,
and all of those had long previous exposure to oral
bisphosphonates (an average of 6 years) [35].
This study has certain limitations. It was a retrospect-

ive study involving a small number of patients, and the
patients were not randomized. It is pivotal to make an
appropriate control to prove the efficacy, which we were

unable to perform. However, sample size was calculated
using Power and Sample Size Calculation (http://biostat.
mc.vanderbilt.edu/wiki/Main/PowerSampleSize). When
a power of 80% and level α = 0.05 were set, 180 experi-
mental subjects and 135 control subjects are needed to
reject the null hypothesis that the population means of
the experimental and control groups are equal with
probability (power) 0.8. No evident fractures were ob-
served in patients during the study period, probably
owing to the considerably small sample size and short
observation period. Further studies are warranted to
confirm the clinical benefits of switching therapy.

Conclusions
In women with postmenopausal osteoporosis who had
taken MIN for a certain period, switching to denosumab
was effective in increasing the BMD of the femoral neck
and lumbar spine with a decrease in bone turnover
markers. Postmenopausal women with osteoporosis may
switch from MIN to denosumab, which is more effective
at improving BMD than continuous MIN. Switching of
therapy may be considered as one of the effective treat-
ment options.
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