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Abstract
We conducted a post-marketing observational study to investigate the safety and effectiveness of eldecalcitol for the treatment 
of osteoporosis in a Japanese clinical setting. The observation period was 12 months for women and 36 months for men. 
The final results for the female patients have already been published. In this article, the final results for the male patients are 
reported. A total of 470 male osteoporosis patients were enrolled. The safety analysis set included 431 patients (mean age, 
76.8 years; mean ± SD follow-up period, 631.0 ± 450.3 days), and 175 patients continued treatment throughout the 3-year 
observational period. Adverse drug reactions (ADRs) were reported in 28 patients (6.49%); the most common ADRs were 
hypercalcemia (1.16%) and renal impairment (1.16%). Serious ADRs were reported in 5 patients (1.16%). Mean serum cal-
cium was within the normal range throughout the observation period. The cumulative incidence of new vertebral and nonver-
tebral fractures at 36 months, estimated by Kaplan–Meier analysis, was 10.23 and 4.06%, respectively. At the last observation, 
mean lumbar spine bone mineral density was 3.49% higher (P < 0.0001) than at baseline, and levels of the bone turnover 
markers BAP and TRACP-5b were reduced (–14.64%; P = 0.0009, and − 29.51%; P < 0.0001, respectively). In conclusion, 
the safety and effectiveness of eldecalcitol for the treatment of Japanese male osteoporosis patients was confirmed in clinical 
practice. Careful monitoring of serum calcium and estimated glomerular filtration rate, both before and during treatment, is 
necessary to minimize the risk of hypercalcemia and renal impairment while maximizing the effectiveness of eldecalcitol.
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Introduction

Osteoporosis is often thought of as women’s disease. Women 
are particularly at risk owing to the marked decrease in bone 
mineral density (BMD) after menopause. In addition, osteo-
porotic fractures (i.e., fractures associated with low BMD) 

are more common in women than in men of the same age, 
because the age-related increase in the incidence of such 
fractures occurs 5–10 years earlier in women. However, the 
aging of the world’s population means that osteoporotic frac-
tures are expected to affect an increasing proportion of men. 
Globally, the incidence of hip fractures in men is predicted 
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to be 3.1-fold higher in 2050 than in 1990, compared with 
a 2.4-fold increase in women over the same period [1]. In 
Japan, around a quarter (3 million) of the 12.8 million peo-
ple with osteoporosis are men [2], and men made up around 
a fifth (37,600) of the estimated 175,700 new hip fracture 
patients in 2012, based on the results of a nationwide survey 
conducted by the Japanese Ministry of Health, Labour and 
Welfare [3]. Therefore, osteoporosis in men is an increasing 
important public health problem, particularly in countries, 
such as Japan, with a rapidly aging population.

Eldecalcitol is an active vitamin D3 analog bearing a 
hydroxypropyloxy substituent at the 2β position. It was 
developed in Japan for the treatment of osteoporosis, and 
approved for this indication in 2011. Eldecalcitol is now 
widely used in Japanese general clinical practice. The safety 
profile of eldecalcitol and its beneficial effect on calcium 
metabolism are similar to those of active vitamin D, but it 
has a stronger therapeutic effect on bone [4]. It has a grade A 
rating (confirmed by well-designed, randomized, controlled 
trials) for increasing bone density and preventing vertebral 
fractures, according to the most recent Japanese guidelines 
for the prevention and treatment of osteoporosis [2].

Several randomized clinical studies have been con-
ducted in Japan to evaluate the safety and effectiveness of 
eldecalcitol, and the major adverse drug reactions (ADRs) 
related to eldecalcitol were increased blood calcium and 
increased urinary calcium [5–7]. However, out of the total 
of 1492 patients enrolled in these studies, there were only 
33 male patients. Therefore, we conducted a prospective, 
post-marketing observational study to investigate the safety 
and effectiveness of eldecalcitol, under conditions of actual 
clinical use, with an extended observation period for men 
(36 months, versus 12 months for women). The 12-month 
results for both sexes have been published in an interim 
report [8]; eldecalcitol was shown to be effective, consist-
ent with the findings of a phase III study in Japan [6], and 
no major safety concerns were identified. Here, we report 
the final 36-month results of the safety and effectiveness of 
eldecalcitol in male patients in our study.

Materials and methods

Study design

This was a prospective, multicenter, observational study 
conducted in Japan as part of post-marketing surveillance for 
eldecalcitol, and in accordance with Good Post-marketing 
Study Practice. Male and female patients with a diagnosis of 
osteoporosis, based on diagnostic criteria established by the 
Japanese Society for Bone and Mineral Research [9] were 
eligible. The observation period was 12 months for women 
and 36 months for men.

Details of the study design, including how the target num-
ber of patients of either sex (n = 2903) was calculated, are 
described in the interim report [8]. All male patients who 
received at least one dose of eldecalcitol were included in 
the safety analysis set in the present analysis. Included in the 
effectiveness analysis set in this analysis were male patients 
for whom baseline data on BMD, bone turnover markers 
(BTMs), or fracture incidence were available, and who had 
visited their physician at least once after administration of 
eldecalcitol.

Treatment protocol

The male patients received eldecalcitol (Edirol; Chugai 
Pharmaceutical, Tokyo, Japan) daily, by oral administration, 
for up to 36 months. The dose was 0.75 µg, with the option 
to reduce the dose to 0.5 µg depending on the condition of 
individual patients. Participating physicians provided medi-
cal care according to their clinical judgment and usual prac-
tice. Data were recorded at baseline and at regular intervals 
until the end of the observation period (i.e., 36 months).

Safety profile

Adverse drug reactions were defined as adverse events (AEs) 
for which a causal relationship with eldecalcitol could not 
be excluded, and included abnormal laboratory test values. 
Participating physicians provided reports of spontaneous 
ADRs. Data from these reports were then collated, using the 
preferred terms listed in the Medical Dictionary for Regula-
tory Activities/Japanese version (MedDRA/J) version 18.1.

Effectiveness

Assessment of the effectiveness of eldecalcitol treatment was 
based on percent change from baseline in BMD and levels of 
BTMs, and on changes in fracture incidence from baseline.

Bone mineral density was measured at lumbar vertebrae 
2–4 (L2–L4), total hip, and/or distal radius by dual-energy 
X-ray absorptiometry. The BTM bone-specific alkaline 
phosphatase (BAP), serum collagen type 1 cross-linked N 
telopeptide (serum NTX), urinary collagen type 1 cross-
linked N telopeptide (urinary NTX), and tartrate-resistant 
acid phosphatase 5b (TRACP-5b) were measured at the dis-
cretion of participating physicians. BMD and BTMs were 
measured in accordance with testing methods at each study 
center, and data were recorded at baseline, 6, 12, 36 months, 
and at discontinuation.

New fragility fractures reported at any hospital visit from 
baseline onwards were subsequently recorded as new clini-
cal fractures on the basis of radiographic evidence and the 
judgment of individual investigators, in accordance with the 
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usual procedure at each study center. The incidence of clini-
cal fractures was summarized every 6 months throughout the 
observation period.

Data relating to treatment adherence were collected, 
including the number of patients who continued treatment 
throughout the observation period and dosing periods, and 
the number of patients who discontinued treatment and the 
reasons for their discontinuation.

Statistical analysis

In the safety analysis, percentages were calculated by 
dividing the number of patients with an ADR by the num-
ber of patients in the safety analysis set. An individual 
patient in whom multiple occurrences of the same ADR 
were reported was counted only once.

In the effectiveness analysis, data from patients with 
baseline values and at least one post-dose value were 
used. For BMD and BTM levels, mean and 95% confi-
dence interval (CI) were used to calculate percent changes 
between baseline and last observation. The last-observa-
tion-carried-forward method was used to impute missing 
data at 36 months. The paired t test was used to compare 
BMD and BTM levels at baseline and last observation. 
The Kaplan–Meier method was used to estimate cumula-
tive incidence (and 95% CI) of vertebral and nonvertebral 
fractures.

P values < 0.05 were considered statistically signifi-
cant. All statistical analyses were carried out using SAS 
version 9.2 (SAS Institute, Cary, NC, USA).

Results

From July 1, 2011 to March 31, 2012, 3567 patients (470 
men and 3097 women) were registered at 426 medical 
institutions throughout Japan. As of October 2015, case 
report forms had been collected for 3532 patients, includ-
ing the 467 registered male patients. After exclusion of 36 
of these male patients, 431 were included in the safety and 
effective analysis sets (Fig. 1).

Baseline characteristics

Table 1 shows the baseline characteristics of the 431 patients 
included in the safety analysis. Mean age was 76.8 years, 
and 136 patients (31.55%) had sustained one or more preva-
lent vertebral fractures. Mean values of the BTMs (BAP, 
serum NTX, urinary NTX, and TRACP-5b) were above the 
upper limit of the normal range. Estimated glomerular fil-
tration rate (eGFR) was < 30 mL/min/1.73 m2 in 1.16% of 
patients (5/431), ≥ 30 mL/min/1.73 m2 in 43.62% (188/431), 
and unknown in 55.22% (238/431). A total of 235 patients 
(54.52%) received only eldecalcitol throughout the observa-
tion period. The data on baseline characteristics have been 
updated since the interim report was published [8] because 
additional information was collected and some definitions 
were reviewed.

Safety profile

Adverse drug reactions were reported in 28 of the 431 
patients in the safety analysis set (6.49%). The frequency of 
ADRs according to the length of treatment (period between 
the start of administration of eldecalcitol and the onset 
of ADR) is as follows: < 90 days, 10 patients; ≥ 90 days 
and < 180 days, 5 patients; ≥ 180 days and < 270 days, 2 
patients; ≥ 270 days and < 360 days, 1 patient; ≥ 360 days 
and < 540 days, 3 patients; ≥ 540 days and < 720 days, 3 
patients; ≥ 720 days and < 900 days, 1 patient; ≥ 900 days 
and < 1080 days, 2 patients; unknown, 1 patient.

The most common ADRs were hypercalcemia and renal 
impairment, each of which were reported in 5 patients 
(1.16%) (Table 2). In all 5 patients with hypercalcemia, the 
severity was not serious; 4 of the patients recovered, and the 
outcome was unknown for 1 patient. Of the patients whose 
blood calcium was measured both at baseline and during the 
follow-up period, 2.42% (4/165) had hypercalcemia.

Serious ADRs were reported in 5 patients (1.16%) 
(Table 3). Death was reported in 2 patients (0.46%). The 
reporting physician commented that there was no causal 
relationship between these deaths and eldecalcitol treatment; 
however, we decided not to rule out a possible relationship 
[8].

Registered patients (n = 470) 

Collected case report forms 
• 12 months (n = 467) 
• 36 months (n = 249) 

Analysis population (n = 431) 

Excluded from safety analysis set (n = 36) 
• Violation of inclusion criteria (n = 2) 
• Failure to visit hospital after the first visit (n = 34) 

Fig. 1   Patient enrollment and outcomes
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Table 1   Patient characteristics

BAP bone-specific alkaline phosphatase, BCE bone collagen equivalent, Cr creatinine, eGFR estimated glomerular filtration rate, NTX collagen 
type 1 cross-linked N telopeptide, TRACP-5b tartrate-resistant acid phosphatase 5b
a Total n = 431 unless otherwise specified

Characteristic Category Mean ± SD or n (%)a

Age (years) 76.8 ± 9.0
Body height 161.03 ± 7.16 (n = 262)
Body weight 56.74 ± 10.02 (n = 262)
Prevalent vertebral fractures 0 194 (45.01)

1 91 (21.11)
≥ 2 45 (10.44)
Unknown 101 (23.43)

Concomitant use of anti-osteoporosis drug Yes 196 (45.47)
Calcium 20 (4.64)
Estrogen 1 (0.23)
Parathyroid hormone 9 (2.08)
Calcitonin 59 (13.68)
Active vitamin D3 8 (1.85)
Calcium/native vitamin D3/magnesium combination 1 (0.23)
Vitamin K2 8 (1.85)
Bisphosphonates 139 (32.25)
Denosumab 1 (0.23)
No 235 (54.52)

Concomitant use of oral corticosteroid Yes 7 (1.62)
Complications Yes 274 (63.57)

Renal impairment 12 (2.78)
Urinary lithiasis 2 (0.46)
Hepatic impairment 8 (1.85)

eGFR (mL/min/1.73 m2) eGFR < 30 5 (1.16)
30 ≤ eGFR < 45 10 (2.32)
45 ≤ eGFR < 60 38 (8.81)
60 ≤ eGFR < 90 110 (25.52)
eGFR ≥ 90 30 (6.96)
Unknown 238 (55.22)

Bone turnover markers BAP (µg/L) 17.27 ± 8.37 (n = 71)
Serum NTX (nmol BCE/L) 17.86 ± 8.57 (n = 83)
Urinary NTX (nmol BCE/mmol Cr) 65.73 ± 211.87 (n = 66)
TRACP-5b (mU/dL) 495.48 ± 216.42 (n = 44)

Table 2   Adverse drug reactions (ADRs) reported in ≥ 2 patients

a Percentage of the 431 patients in the safety analysis set

ADR (s) No. of patients (%)a

All ADRs 28 (6.49)
 Hypercalcemia 5 (1.16)
 Renal impairment 5 (1.16)
 Constipation 2 (0.46)
 Death 2 (0.46)

Table 3   Serious and non-serious adverse drug reactions (ADRs)

a Percentage of the 431 patients in the safety analysis set
b One patient had both serious and non-serious ADRs

ADR(s) No. of patients (%)a

Serious Not serious

All ADRs 5 (1.16) 24 (5.56)b

 Death 2 (0.46) 0
 Cardio-respiratory arrest 1 (0.23) 0
 Nephrolithiasis 1 (0.23) 0
 Renal impairment 1 (0.23) 4 (0.92)
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In the 214 patients for whom baseline data for serum 
calcium concentration were available, serum calcium was 
significantly increased from baseline values at several time 
points; however, serum calcium remained within the normal 
range throughout the observation period (Fig. 2).

Data for treatment adherence are summarized in Table 4. 
The proportion of patients who continued eldecalcitol treat-
ment throughout the 36-month observation period was 
40.6% (175/431 patients); 59.3% (256/431 patients) dis-
continued treatment. The main reason for discontinuation 
was failure to visit the hospital (58.9%, 151/256 patients). 

Fig. 2   Changes in blood cal-
cium concentration. Data rep-
resent mean ± SD. Differences 
between values at baseline and 
at each time point were assessed 
by t test. *P < 0.05
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Table 4   Treatment adherence

a Total dosing period (mean ± SD), 631.0 ± 450.3 days
b Percentage of the 431 patients in the safety analysis set
c Percentage of the 256 patients who discontinued treatment

Category No. of patients (%)

Continued treatment throughout the observation 
perioda

175 (40.60)b

Dosing period (days)
 < 91 67 (15.54)b

 91 ≤, < 182 48 (11.13)b

 182 ≤, < 273 21 (4.87)b

 273 ≤, < 364 17 (3.94)b

 364 ≤, < 728 82 (19.02)b

 728 ≤, < 1092 46 (10.67)b

 1092 ≤ 150 (34.80)b

Discontinued treatment 256 (59.39)b

 Failure to visit hospital 151 (58.98)c

 Change of hospital 38 (14.84)c

 Adverse event 31 (12.10)c

 Other reason 36 (14.06)c
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Fig. 3   Cumulative incidence of vertebral fractures (a) and nonver-
tebral fractures (b) at 36 months. Data represent Kaplan–Meier esti-
mates
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In addition, 12.1% (31/256 patients) discontinued treatment 
because of AEs; of them, 4 patients had hypercalcemia.

Fracture incidence

Figure 3 shows the cumulative incidence of new fractures 
over the 36-month observation period. The incidence of ver-
tebral fractures and nonvertebral fractures at 36 months, as 

estimated by Kaplan–Meier analysis, was 10.23 and 4.06%, 
respectively.

Bone mineral density

Figure 4 shows percent changes from baseline in lum-
bar spine and radial BMD over the 36-month observa-
tion period and at last observation. Between baseline and 
last observation, lumbar spine BMD increased by 3.49% 
(P < 0.0001) and radial BMD increased by 0.03%.

Fig. 4   Percent changes from 
baseline in bone mineral density 
(BMD) at the lumbar spine 
(a) and the distal radius (b), as 
assessed by dual-energy X-ray 
absorptiometry. Data repre-
sent mean ± SD. Differences 
between values at baseline and 
at each time point were assessed 
by t test. *P < 0.05
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Bone turnover markers

At baseline, mean levels of each BTM were above the upper 
limit of the normal range. Between baseline and the last 
observation, levels of BAP, serum NTX, and TRACP-5b 
decreased (Fig. 5). The percent changes were − 14.64% for 
BAP (P = 0.0009), − 3.68% for serum NTX (P = 0.28), and 
−29.51% for TRACP-5b (P < 0.0001).

Discussion

Information on the safety and effectiveness of pharmaceuti-
cal treatments for osteoporosis in Japanese male patients is 
limited. The results of studies of alendronate [10, 11], rise-
dronate [12, 13], ibandronate [14], zoledronic acid [15–17], 
denosumab [18, 19], and teriparatide [20, 21] have shown 
that these drugs have similar safety and efficacy in men com-
pared with those in post-menopausal women with osteopo-
rosis; however, these studies were conducted outside Japan. 
We previously reported the safety and effectiveness of up to 
12 months of eldecalcitol treatment in both male and female 
Japanese patients with osteoporosis in the clinical setting 
[8]. In this article, we report the safety and effectiveness of 
eldecalcitol, as well as adherence to eldecalcitol treatment, 
in Japanese men with osteoporosis over a longer period (up 
to 36 months), also in the clinical setting.

Based on the results of the present study, no new safety 
concerns were found as compared with the safety informa-
tion obtained up to the time of drug approval. The most 
commonly reported ADRs were hypercalcemia and renal 
impairment. Eldecalcitol increases intestinal calcium 

absorption, thereby increasing serum calcium concentration 
after administration.

Although the mechanism of renal impairment is 
unknown, in a phase III study, eGFR was reduced by both 
alfacalcidol and eldecalcitol treatment especially in patients 
with higher eGFR but it recovered after the end of treatment 
and neither treatment causes a sustained reduction in eGFR 
[22]. Thus, renal impairment may be a temporary change 
during eldecalcitol treatment.

In the 431 patients included in the safety analysis set, 
up to 36 months of treatment, the incidence of all ADRs 
was 6.49%, and the incidence of hypercalcemia was 1.16%; 
neither exceeds the equivalent incidences reported for clini-
cal trials of eldecalcitol [23]. Mean serum calcium con-
centration showed transient increases at some time points; 
however, all values remained within the normal range, and 
no continuous increase in serum calcium accompanying an 
increase in the length of the dosing period was found.

There was no major increase in ADR incidence, and there 
were no new serious ADRs, compared with the 12-month 
results reported previously, in which the incidence of all 
ADRs and hypercalcemia in male patients was 5.10 and 
0.46%, respectively [8]. Therefore, no new safety concerns 
arose when eldecalcitol was used by male patients in the 
clinical setting when treatment was extended for up to 
3 years.

Eldecalcitol treatment was well tolerated. Of 256 patients 
who discontinued treatment, the major reasons for dis-
continuation were failure to attend follow-up (no hospital 
visit or change of hospital by patients, 189 patients). Out 
of the remaining 67 patients who discontinued treatment 
but attended follow-up, 31 patients discontinued because of 
AEs. AEs were reported as the reason for discontinuation in 
some patients who had pain as the primary complaint and 
discontinued hospital visits following improvement of the 
symptom. In addition, patients with osteoporosis often have 
few subjective or objective symptoms, so their adherence 
to treatment is considered to be poor [24]. Therefore, it was 
suggested that the safety and effectiveness of eldecalcitol 
had little negative influence on treatment adherence. The 
adherence to eldecalcitol treatment (40.6% at 36 months) 
was similar to that reported for other osteoporosis therapies 
[25].

Eldecalcitol treatment resulted in significantly increased 
BMD at the lumbar spine, consistent with the findings of 
clinical trials of eldecalcitol in Japanese patients with osteo-
porosis [5, 6]. This finding suggests that eldecalcitol treat-
ment is effective in increasing BMD in the clinical setting, 
despite the concurrent use of bisphosphonates or selective 
estrogen receptor modulators by nearly half the patients in 
this study.

The cumulative incidence of vertebral fractures over the 
36-month observation period (< 11% at 36 months) was 
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lower in the present analysis than in the phase III clinical 
trial of eldecalcitol [6]. This may be partly because frac-
tures were diagnosed based on radiographic assessments 
carried out by individual investigators in the present study, 
whereas quantitative assessments were conducted by two 
or more radiologists in clinical trials. In addition, since the 
present study was conducted in the real-world clinical prac-
tice setting, some patients did not undergo regular clinical 
examination, whereas in the phase III study, regular clinical 
examinations were carried out for all patients. Furthermore, 
in the phase III trial, use of other anti-osteoporosis drugs, 
including bisphosphonates and selective estrogen receptor 
modulators, was not allowed, whereas in the present study, 
some patients received concomitant treatment with other 
anti-osteoporosis drugs.

The study design allowed assessment of the safety and 
effectiveness of eldecalcitol treatment in patients with osteo-
porosis who might not normally be eligible for participa-
tion in randomized clinical trials, for example, because of 
complications, concomitant use of other medications, and 
previous use of other osteoporosis treatments. Since com-
plications such as rheumatoid arthritis [26, 27] and diabe-
tes mellitus [28–30] are known risk factors for fracture, 
appropriate treatment strategies for such patients need to be 
explored [31]. The results of the present study showed that 
eldecalcitol was an effective osteoporosis treatment option 
in a population in which 63.57% of patients had ≥ 1 compli-
cation, including rheumatoid arthritis (2.78%) and diabetes 
mellitus (6.03%).

The present study has several limitations. First, there is 
the potential for bias and confounding that is inherent with 
an observational study design; the study involved a single 
cohort without a comparator or control arm. Second, in the 
present study, not all patients underwent radiography of the 
spine, so the possibility of subclinical vertebral fractures 
cannot be excluded. Third, BTM and BMD data were not 
available for every study time point. Finally, some patients 
received concomitant treatment with other anti-osteoporosis 
agents. For some, eldecalcitol was started at the same time 
as these agents, whereas for others it was added to treatment. 
Because the present study was not an interventional study, 
but done in a real-world clinical setting, we analyzed data 
from the entire analysis population.

In conclusion, this report provides clinicians with use-
ful information on the use of eldecalcitol in male Japanese 
patients with osteoporosis. The safety profile of eldecalcitol 
reported here is similar to that described in reports of the 
results of clinical trials of eldecalcitol, and no new safety 
concerns were found as compared with the safety informa-
tion obtained up to the time of drug approval. Eldecalci-
tol appears to be an effective treatment for osteoporosis in 
male Japanese osteoporosis patients in the clinical setting, 
as shown by the improvement in BMD, the suppression of 

BTM levels, and the low cumulative incidence of vertebral 
fractures. These results suggest that clinical trial findings 
regarding the safety profile and efficacy of eldecalcitol 
extend to real-world clinical practice in Japan. They pro-
vide further evidence that eldecalcitol can be used safely and 
effectively in Japanese patients with osteoporosis, provided 
that serum calcium concentration and eGFR are measured 
before and during treatment.
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