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Abstract
Summary A 12-month extension phase of DIRECT in Japa-
nese subjects with osteoporosis showed that total 3 years of
denosumab treatment in Japanese postmenopausal women
and men with osteoporosis was associated with low fracture
rates, persistent bone turnover marker (BTM) reductions,
continuous bone mineral density (BMD) increases, and a
favorable overall benefit/risk profile.
Introduction The DIRECT trial demonstrated that 2 years of
treatment with denosumab 60 mg subcutaneously every
6 months significantly reduced the incidence of vertebral

fracture compared to placebo in Japanese postmenopausal
women and men with osteoporosis. The purpose of this study
is to evaluate the efficacy and safety of denosumab treatment
for up to 3 years.
Methods This study includes a 2-year randomized, double-
blind, placebo-controlled phase and a 1-year open-label ex-
tension phase in which all subjects received denosumab. The
data correspond to 3 years of denosumab treatment in subjects
who received denosumab (long-term group) and 1 year of
denosumab treatment in subjects who received placebo
(cross-over group) in the double-blind phase.
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Results Eight hundred and ten subjects who completed the
double-blind phase enrolled into the extension phase, and 775
subjects completed the study. All subjects received
denosumab with daily supplements of calcium and vitamin
D. The cumulative 36-month incidences of new or worsening
vertebral fractures and new vertebral fractures were 3.8 and
2.5 %, respectively, in the long-term group. In this group, the
BMD continued to increase, and the reduction in BTMs was
maintained. In the cross-over group, comparable BMD in-
creases and BTMs reductions to those of in their first year of
the long-term group were confirmed. Adverse events did not
show a notable increase with long-term denosumab adminis-
tration. One event of osteonecrosis of the jaw occurred in the
cross-over group.
Conclusions Three-year denosumab treatment in Japanese
subjects with osteoporosis showed a favorable benefit/risk
profile.

Keywords Bonemineral density . Bone turnovermarker .

Denosumab . Fracture . Japanese . Long-term . Osteoporosis

Introduction

Osteoporosis is a chronic disease characterized by compro-
mised bone strength mainly due to decreased bone mass and
microarchitectural deterioration of the skeleton, leading to an
increased risk of fracture [1], requiring long-term treatment.
Bone mineral density (BMD) and bone turnover markers
(BTMs) are the main biomarkers associated with anti-
fracture efficacy of antiresorptive drugs for the treatment of
osteoporosis [2, 3].

Denosumab, a fully human monoclonal IgG2 antibody,
binds RANK ligand with high affinity and specificity,
resulting in the inhibition of osteoclast formation, function,
and survival [4–7]. In the 3-year, placebo-controlled FREE-
DOM study [8], administration of 60-mg denosumab subcu-
taneously every 6 months to predominantly postmenopausal
Caucasian women with osteoporosis significantly reduced the
risk of new vertebral, hip, and nonvertebral fractures by 68,
40, and 20 %, respectively, associated with significant in-
crease in BMD at all skeletal sites measured and BTM reduc-
tion compared with placebo. The ongoing 7-year FREEDOM
extension study [9–11] has shown that denosumab treatment
for up to 8 years (up to 5 years in the extension study) was
associated with continued increases in BMD, persistent reduc-
tion of bone turnover, low fracture incidence, and no increase
in adverse event incidence, thus, indicating that the benefit/
risk profile for denosumab remains favorable with extended
exposure to denosumab [9–11].

The anti-fracture efficacy of denosumab has also been
demonstrated in Japanese subjects in DIRECT (Denosumab
Fracture Intervention Randomized Placebo Controlled Trial)

[12]. Denosumab 60 mg given as a subcutaneous injection
every 6 months for 2 years significantly decreased the risk of
new or worsening vertebral fractures by 65.7 % in Japanese
subjects with osteoporosis, compared with placebo. Charac-
terization of the long-term efficacy and safety of denosumab
in Japanese patients with osteoporosis is essential for clinical
practice because osteoporosis is a chronic disease requiring
long-term treatment. For this reason, the DIRECT study also
included a 1-year open-label extension to evaluate the efficacy
and safety of up to 3 years of denosumab treatment.

Methods

Study design

This 3-year prospective multicenter intervention study,
consisted of a 2-year randomized, double-blind, placebo-
controlled phase with an open-label alendronate referential
arm and a 1-year open-label extension phase. Generally,
healthy Japanese subjects with osteoporosis including post-
menopausal women and men were randomly assigned in a
2:2:1 ratio to receive one of the following three treatments for
a period of 2 years: denosumab 60 mg given as a subcutane-
ous injection every 6 months, matching placebo, or open-label
alendronate 35 mg taken orally every week. Randomization
was stratified by gender. The eligibility criteria were age
≥50 years, 1–4 prevalent vertebral fractures, and low bone
mineral density (BMD) (T-score <−1.7 at lumbar spines [L1–
L4] or <−1.6 at total hip). All subjects in the denosumab
and placebo groups who completed the 2-year double-
blind phase were eligible to enter the 1-year extension
phase. The study duration in the alendronate group was
2 years and was not included into the extension phase.
During the open-label extension phase, all subjects re-
ceived 60 mg denosumab subcutaneously every 6 months
for 1 year with daily supplements containing at least
600 mg calcium and 400 IU vitamin D.

The institutional review boards at all study sites approved
the protocol and consent process for this study, and all subjects
provided written informed consent for the entire study dura-
tion before participation in the double-blind phase. This study
was conducted in compliance with the ethical principles of the
Declaration of Helsinki and in accordance with Good Clinical
Practice.

Study procedures

In the 1-year open-label extension phase, all safety and effi-
cacy assessments continued with the same methodology used
during the double-blind phase [12].
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Fracture assessment

X-ray images were taken to identify the vertebral fractures at
the baseline, 6, 12, 18, 24, and 36months or study withdrawal.
To identify a morphometric vertebral fracture, the vertebral
bodies of the lateral projection from Th4 to L4 were assessed
using both the semi-quantitative (SQ)method and quantitative
morphometry (QM) method by the experts of the central
committee [13, 14]. For assessment of a nonvertebral fracture,
investigators took radiographs during the study to identify the
fracture whenever a subject reported clinical symptoms. Then,
the committee reviewed the radiographs to identify the
fracture.

BMD assessment

BMD measurement as evaluated by dual X-ray absorptiome-
try was conducted at the lumbar spine (L1–L4), total hip and
femoral neck at the baseline, 3, 6, 12, 18, 24, and 36months or
study withdrawal. BMD at a distal 1/3 radius was also mea-
sured at the baseline, 6, 12, 18, 24, and 36 months or study
withdrawal. The QDR scanner (Hologic, Bedford, MA, USA)
was used in this study. Quality control and BMD scan analysis
were performed centrally (Synarc, Portland, OR, USA).

BTM assessment

Serum and urinary samples were obtained under fasting con-
ditions at the baseline, 1, 3, 6, 12, 24, 25, and 36 months or
study withdrawal. All serum and urinary samples were taken
before administration of the investigational product (IP) and
were measured in a central laboratory. Serum C-telopeptide of
type 1 collagen (CTX-1) was evaluated by enzyme-linked
immunosorbent assay. Serum bone specific alkaline phospha-
tase (BSAP) was evaluated by chemiluminescent enzyme
immunoassay. Serum intact PTH was evaluated by electro
chemiluminescence immunoassay. All BTMs were assayed
by Mitsubishi Chemical Medience Corporation, Tokyo,
Japan.

Safety assessment

All subjects were questioned concerning AEs at each visit,
and all AEs were assessed regardless of the determination of
causality by the investigator. The Medical Dictionary for
Regulatory Activities (MedDRA, Version 14.0) was used to
categorize reported AEs. Laboratory tests including blood
chemistry, hematology, and urinalysis were assessed at the
baseline, 1, 6, 12, 18, 24, 25, 30, and 36 months and were
measured in the central laboratory. Serum albumin-adjusted
calcium (mg/dL) was calculated as follows: actual serum
calcium (mg/dL) – 0.8×[serum albumin [g/dL] -4 ] (only
when albumin was <4.0 [g/dL]). Safety was assessed by

recording all AEs, serious AEs, fatal AEs, AEs leading to
study discontinuation, and AEs leading to discontinuation of
IP. AEs of interests such as hypocalcemia, bacterial cellulitis,
infection, eczema, events potentially related to hypersensitiv-
ity, cardiovascular disorder, malignant or unspecified tumors,
fracture healing complication, atypical fracture of femur, and
osteonecrosis of the jaw (ONJ) were specified in advance. A
dental expert of this study reviewed each potential case of
ONJ in a blinded manner. Study investigators clinically
assessed the healing of nonvertebral fractures within 6 months
after their occurrence. Denosumab-specific antibodies were
assessed in those samples of subjects randomized in the
denosumab or placebo group. The anti-denosumab antibodies
were assessed at the baseline, 1, 6, 12, 18, 24, 25, 30, and
36 months. A validated electrochemiluminescent immunoas-
say (PPD Inc., VA, USA and Amgen Inc., CA, USA) was
used to detect denosumab-binding antibodies; samples with
binding antibodies were later screened for denosumab-
neutralizing antibodies by a cell-based assay (Amgen Inc.,
CA, USA).

Statistical analysis

The objective of the extension was to describe the efficacy
including evaluation of the incidence of vertebral and
nonvertebral fractures, and the changes in BMD and BTMs,
and safety and tolerability of denosumab for 3-years.

Efficacy analyses were performed using the full analysis
set (FAS) which includes all randomized subjects except for
those who did not have osteoporosis at screening, did not
receive the IP, or had no available efficacy data after the first
dose of the IP. For post hoc analyses, a p value of less than
0.05 was considered as statistically significant.

The cumulative incidence rates for new or worsening ver-
tebral fractures, new vertebral fractures, nonvertebral frac-
tures, and major nonvertebral fractures, consisting of proximal
humerus, forearm, ribs/clavicle, pelvis, hip, distal femur, and
proximal tibia, were estimated by the Kaplan-Meier method.
The annual crude subject incidence rates for new or worsening
vertebral fracture and new vertebral fracture were also provid-
ed. As a post hoc analysis, the number of new vertebral
fractures for each year (i.e., year 1, year 2, and year 3) was
analyzed by the generalized estimating equation (GEE) ap-
proach using a Poisson regression model with treatment, year
and treatment by year interaction. The results for comparisons
between treatment groups at year 1 and year 2 and between
years in each treatment group were presented as rate ratios, the
corresponding 95 % confidence intervals (CIs), and p values
based on empirical variance. The percent changes from the
baseline in BMD were presented at the time points of interest.
In post hoc analysis, comparisons of BMD between the base-
line and each time point, and between 24 and 36 months were
conducted by Student’s t test. The results were presented as
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means with 95 % CIs. The percent changes from the baseline
in BTM at the time point of interest were presented as medians
and interquartile ranges. In post hoc analysis, comparisons of
BTM between the baseline and each time point, and between
24 months and 36 months were conducted by the Wilcoxon
signed rank test.

Safety analyses included subjects who received at least 1
dose of IP; however, the summary of AEs in a 1-year open-
label extension phase included subjects who received at least 1
dose of IP in this phase. AEs were summarized by subject
incidence rates. The concentration of the serum albumin-
adjusted calcium at the baseline and subsequent time points
were presented as means and SDs.

Results

Disposition and characteristics

Of the 1262 subjects (500 in the denosumab group, 511 in the
placebo group, and 251 in the alendronate group) enrolled in
the double-blind phase for 2 years [12], 810 (404 in the
denosumab group and 406 in the placebo group) were en-
rolled in the 1-year open-label extension phase. A total of 775
subjects (389 from the denosumab group [long-term group]
and 386 from the placebo group [cross-over group]) complet-
ed the extension phase. Subjects in the alendronate group were

not transferred to the 1-year open-label extension phase based
on the protocol definition.

Subject characteristics at the baseline and month 24 are
shown in Table 1. At the start of the 1-year open-label exten-
sion (i.e., month 24 of DIRECT), BMD T-scores were in-
creased, and BTM values decreased, relative to the baseline
(i.e., day 1 of DIRECT) in the long-term group, whereas they
were comparable to the baseline (i.e., day 1 of DIRECT) in the
cross-over group.

Fractures

The 2-year incidence of new vertebral fractures was 2.2 % in
the denosumab group and 8.6% in the placebo group, with the
reduction in risk by 74.0 % (p<0.0001) [12], and the rate
ratios comparing the number of new vertebral fractures for the
denosumab group in year 1 and 2 with those for the placebo
group were 0.44 (p=0.0937) and 0.14 (p=0.0001), respec-
tively (Table 2).

In the long-term group, the cumulative incidences of new
or worsening vertebral and new vertebral fractures at
36 months were 3.8 % (95 % CIs, 2.4; 6.1) and 2.5 % (95 %
CIs, 1.4; 4.5), respectively. The crude incidences (annual rate)
of new or worsening vertebral and new vertebral fractures
were 1.9 and 1.3 %, respectively, in the first year, 1.6 and
0.9 %, respectively, in the second year, and 0.3 and 0.3 %,
respectively, in the third year (Fig. 1a, b). The rate ratios
comparing the number of new vertebral fractures for year 2

Table 1 Baseline characteristics

Characteristics Denosumab/denosumab (long-term group) Placebo/denosumab (cross-over group)

Period 1b n=472 Period 2c n=404 Period 1 n=480 Period 2 n=406

Age (yeara) 69.9 (7.36) 71.5 (7.29) 69.0 (7.67) 70.8 (7.63)

Male/female (no.) 23/449 21/383 24/456 22/384

Body mass index (kg/m2a) 22.6 (2.94) 22.5 (2.95) 22.4 (3.15) 22.4 (3.23)

Prevalent vertebral fractures (no. [%])

0 6 (1.3) 5 (1.2) 9 (1.9) 9 (2.2)

1 315 (66.7) 269 (66.6) 319 (66.5) 256 (63.1)

2 113 (23.9) 95 (23.5) 105 (21.9) 96 (23.6)

≥3 38 (8.1) 35 (8.7) 47 (9.8) 45 (11.1)

BMD T-scorea

Lumbar spine (L1–L4) −2.8 (0.89) −2.2 (0.92) −2.7 (0.88) −2.7 (0.91)
Total hip −2.0 (0.79) −1.7 (0.77) −2.0 (0.73) −2.0 (0.73)
Femoral neck −2.4 (0.70) −2.2 (0.68) −2.3 (0.71) −2.4 (0.70)

Serum CTX 1 (ng/mLa) 0.64 (0.28) 0.25 (0.17) 0.63 (0.28) 0.54 (0.24)

Serum 25(OH) vitamin D (ng/mLa) 21.0 (6.08) 31.0 (6.76) 20.6 (5.91) 30.9 (7.06)

a Data are mean (SD)
b Period 1; 2-year double-blind phase in which subjects received denosumab (long-term group) or placebo (cross-over group)
c Period 2; 1-year open-label extension phase in which all subjects received denosumab
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and 3 with that for year 1 were 0.89 (p=0.8327) and 0.19 (p=
0.1261), respectively (Table 2). The cumulative incidences of
nonvertebral fracture and major nonvertebral fracture at
36 months were 5.1 % (95 % CIs, 3.4; 7.7) and 2.1 % (95 %
CIs, 1.1; 4.0), respectively (Fig. 1c, d).

In the cross-over group, the cumulative incidences of new
or worsening vertebral and new vertebral fractures at
36 months were 11.8 % (95 % CIs, 9.1; 15.2) and 10.3 %
(95 % CIs, 7.8; 13.5), respectively. The crude incidences
(annual rate) of new or worsening vertebral and new vertebral
fractures in the first, second, and the third years were 2.7, 5.9,
and 1.9 %, respectively (Fig. 1a, b). The rate ratio comparing
the number of new vertebral fractures for year 2 with that for
year 1 was 2.87 (p=0.0027), and the rate ratio comparing the
number of new vertebral fractures for year 3 with that for year
2 was 0.23 (p=0.0003) (Table 2). The cumulative incidences
of nonvertebral fractures and major nonvertebral fractures at
36 months were 6.6 % (95 % CIs, 4.6; 9.5) and 5.5 % (95 %
CIs, 3.7; 8.1), respectively (Fig. 1c, d).

BMD

In the long-term group, increases from the baseline in BMD
after 3 years of continued denosumab treatment were 11.0 %
at the lumbar spine, 5.3 % at the total hip, 4.8 % at the femoral
neck, and 0.9 % at the distal 1/3 radius (p<0.001) (Fig. 2a–d).
From 24 months to 36 months BMD increased by 1.8 % at the
lumbar spine, 0.6 % at the total hip, 0.8 % at the femoral neck,
and 0.4 % at the distal 1/3 radius (p<0.001).

In the cross-over group, BMD changes at 36months (1 year
after the first dose of denosumab) were 5.4 % at the lumbar
spine, 1.4 % at the total hip, 1.1 % at the femoral neck, and
−1.3 % at the distal 1/3 radius from the baseline (p<0.001)
(Fig. 2a–d). The BMD increased from 24 to 36 months by
5.3 % at the lumbar spine, 2.6 % at the total hip, 2.3 % at the
femoral neck, and 0.5 % at the distal 1/3 radius (p<0.001).

BTMs

In the long-term group, serum CTX-1 was greatly decreased
by 70.9 % at 1 month with relatively sustained reductions
thereafter. Serum BSAP was reduced by 9.8 % at 1 month and
50.2 % at 3 months, and remained relatively stable thereafter
(Fig. 3a, b).

In the cross-over group, serum CTX-1 was greatly de-
creased by 77.9 % at 25 months (1 month after the first dose
of denosumab) and remained relatively stable thereafter. Se-
rum BSAP was also reduced by 19.6 % at 25 months and
reached the same level as the long-term group at 36 months
(Fig. 3a, b).

Albumin-adjusted serum calcium and intact PTH

In the long-term group, mean albumin-adjusted serum calci-
um was 9.09 and 9.14 mg/dL at month 1 and month 25, and
median intact PTH was 54 pg/ml at 1 month and 44 pg/ml at
month 25 (Fig. 3c, d).

In the cross-over group, mean albumin-adjusted serum
calcium was 9.09 mg/dL at 25 months, and median intact
PTH was 56 pg/ml at 25 months. These changes in albumin-
adjusted serum calcium and intact PTH had tendency to return
to the baseline level during follow-up period.

Safety

The incidences of all AEs, serious AEs, fatal AEs, AEs
leading to study discontinuation, AEs leading to discontinua-
tion of IP, AEs of interest, and serious AEs of interest did not
show a notable increase with longer denosumab treatment
from 2 to 3 years, irrespective of the different duration of the
observation periods. During the additional 1-year extension
phase, the incidences of all AEs, serious AEs, fatal AEs, AEs
leading to study discontinuation, and AEs leading to discon-
tinuation of IP in the long-term group were similar to those in
the cross-over group. The incidences of AEs of interest and
serious AEs of interest including hypocalcemia, bacterial cel-
lulitis, infection, eczema, hypersensitivity, cardiovascular dis-
order, or malignant or unspecified tumors, were similar be-
tween the long-term and cross-over groups (Table 3). One oral
AE (osteomyelitis) in the cross-over group was adjudicated by
a medical expert as consistent with ONJ based on the defini-
tion of the protocol. This case occurred at the site of tooth

Table 2 Rate ratio of new vertebral fracture

Rate Ratio

Est. 95 % CIa p valuea

Long-term group/cross-over group

Year 1 (DMAb/placebo) 0.437 0.166 1.151 0.0937

Year 2 (DMAb/placebo) 0.135 0.051 0.357 0.0001

Long-term group

Year 2 (DMAb)/year 1 (DMAb) 0.891 0.304 2.606 0.8327

Year 3 (DMAb)/year 1 (DMAb) 0.192 0.023 1.591 0.1261

Cross-over group

Year 2 (Placebo)/year 1 (Placebo) 2.874 1.443 5.722 0.0027

Year 3 (DMAb)/year 2 (Placebo) 0.231 0.104 0.516 0.0003

The number of new vertebral fractures for each year was analyzed by the
GEE approach using a Poisson regressionmodel. Results for comparisons
between treatment groups at 1 year and 2 years and between years in each
treatment group were presented as rate ratios, the corresponding 95 %
CIs, and p-values

Est estimated rate ratio
a Based on the empirical variance estimator by the GEE method with an
independent working correlation structure
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extraction (tooth extraction was conducted during the open-
label phase) after receiving 2 doses of denosumab. The subject
reported the symptoms such as pus discharge, pain and swell-
ing, and observations such as sequestrum. The subject was
treated with antibiotics, intraoral irrigation, and curettement,
and the event was confirmed resolved within the follow-up
period. No cases of delayed fracture healing or atypical frac-
ture of the femur were reported in either treatment groups. No
subjects developed neutralizing antibodies to denosumab in
the long-term or cross-over group.

Discussion

The extension phase of DIRECT involved Japanese subjects
with osteoporosis who had received denosumab or placebo in
the double-blind phase for 24 months, providing an opportu-
nity to evaluate the long-term efficacy and safety of continued
denosumab administration up to 36 months. In this extension
phase, continuous denosumab treatment maintained a low rate

of vertebral fractures and BTMs reduction, increased BMD at
all sites, and was well tolerated.

The incidences of the new or worsening and new vertebral
fractures at 36 months in the long-term group were low and
showed no difference between the 2nd and 3rd year of treat-
ment. A post hoc analysis, conducted to evaluate the
prolonged treatment effect of denosumab on new vertebral
fracture risk reduction, showed that the rate of new vertebral
fractures for year 2 was comparable with that for year 1, and
that for year 3 trended to be lower than that for year 1.
Therefore, the effect of denosumab treatment on verte-
bral fracture risk persists through 3 years of treatment.
In the FREEDOM study, the crude incidences (annual
rate) of new vertebral fractures in the first, second, and
third years were 0.9, 0.7, and 1.1 %, respectively, in the
denosumab group [8]. Thus, the results of the extension
phase of DIRECT, conducted in a Japanese population,
are consistent with those from FREEDOM extension,
conducted in a predominantly Caucasian population.
Additionally, denosumab shows low incidence of new
vertebral fractures until 8 years [9–11]. These data

Fig. 1 Incidences of fractures during the overall treatment period. The
crude incidences of new or worsening vertebral fractures (a) and new
vertebral fractures (b). The cumulative incidence of nonvertebral fractures

(c) and major nonvertebral fractures (d) For panels c and d, the percent-
ages given were calculated using the Kaplan-Meier estimate over a 36-
month treatment period
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suggest consistent long-term anti-fracture efficacy of
denosumab, independent of race/ethnicity.

In the cross-over group, the incidences of new or worsen-
ing vertebral fracture and new vertebral fracture in the third
year were lower, as expected, than those in the first and second
years (when subjects received placebo) and were comparable
to those observed in the first year of the long-term group. The
post hoc analysis revealed that the rate of new vertebral
fractures for year 3 treatment was statistically lower than that
for year 2. The rate ratio of that for year 2 compared to that for
year 1 was significantly higher, and this result indicates that
vertebral fracture risk would increase in a time-dependent
manner. Together, these results indicated that the early onset
of the effect on the vertebral fracture risk reduction would be
expected by denosumab treatment. The rate ratio comparing

the number of new vertebral fracture for the denosumab group
with that for the placebo group showed a tendency for lower
rates in year 1 and a significantly lower rate in year 2. These
results suggest that the magnitude of effect on fracture risk
reduction by denosumab depends on treatment duration.

In this study, continuous BMD increases and BTM reduc-
tions were observed for 36 months in the long-term group.
These results are consistent with those from the FREEDOM
study [8]. There are no significant differences in the percent
changes from the baseline to 36 months in the lumbar spine
and total hip BMDwith denosumab between the DIRECTand
FREEDOM study (11.0 vs ca. 9 % at the lumbar spine, 5.3 %
vs ca. 6 % at the total hip) [8]. Similarly, the CTX reduction
was maintained through 36 months in both studies. Continu-
ous BMD increase and BTM reductions in the FREEDOM

Fig. 2 Mean BMD percentage changes from the baseline. Mean BMD
percentage changes from the baseline over a 36-month treatment period at
the lumbar spine (L1–L4) (a), total hip (b), femoral neck (c), and distal
one third radius (d) are shown. a p<0.001 based on the Student’s t test at
each time point from the baseline. b p<0.05 based on the Student’s t test

at each time point from the baseline. c p<0.001 based on the Student’s t
test at 36-month vs 24-month. The bars show 95 % CIs of the mean
values at each time point. A central vender (Synarc Inc.) performed all
BMD analyses. Abnormal vertebrae, such as those with an abnormality,
fracture, or artifact, were excluded from analyses
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extension study [9–11], the comparability of the effect on
BMD and BTMs, and no marked differences in the pharma-
cokinetic profile between Japanese and non-Japanese subjects
[15] were reported. Thus, long-term efficacy on Japanese
patients with osteoporosis could also be expected after
36 months from the results of denosumab treatment. In the
cross-over group, rapid BMD increases and BTM reductions
were observed, which were consistent with the results in the
cross-over group from FREEDOM extension previously re-
ported [9, 10].

Mild decreases in albumin-adjusted serum calcium levels
and increases in intact PTH concentrations in the long-term
group were observed at 1 and 25 months (i.e., 1 month after

the previous denosumab dose). In the cross-over group, sim-
ilar changes in albumin-adjusted serum calcium and intact
PTH were also observed at 25 months (i.e., 1 month after
the first denosumab dose). These increases in serum intact
PTH occur concurrently with decreases in the albumin-
adjusted serum calcium level and, therefore, they most likely
represent a compensatory response to reductions in serum
calcium with denosumab treatment.

The subject incidences of all AEs, serious AEs, fatal AEs,
AEs leading to study discontinuation, and AEs leading to
discontinuation of IP for 36 months treatment with
denosumab were not notably increased compared to those
for 24 months irrespective of the longer duration of the

Fig. 3 Median BTMmean serum and calcium changes during the overall
treatment period. Median BTM percentage changes from the baseline.
Median BTM changes from the over a 36-month treatment period for
serum CTX-1 (a), serum BSAP (b) and iPTH (d) are shown. a p<0.01
and b p< 0.05 based on the Wilcoxon signed rank test for each time point
from the baseline. c p<0.01 based on theWilcoxon signed rank test at 25-
or 36- vs 24-month. The bars show the interquartile range of the

percentage changes from the baseline at each time point. Mean changes
from the baseline over a 36-month treatment period for albumin-corrected
serum Ca (c) are shown. a p<0.01 and b p<0.05 based on paired t test for
each time point from the baseline. c p<0.01 and d p<0.05 based on
paired t test at 25-, 30 or 36- vs 24-month. The bars show SD of changes
from the baseline at each time point

772 Osteoporos Int (2015) 26:765–774



observation period. One case was adjudicated consistent with
ONJ in the cross-over group of the extension phase. In the
extension phase for 12 months, no apparent difference in AEs
of interest between the long-term and cross-over group was
observed. The incidences of AEs of interest showed no trend
toward increases throughout the study period. All confirmed
hypocalcemia were mild in severity and did not lead to dis-
continuation of the IP or study withdrawal. There was no
delayed fracture healing or atypical femoral fractures in this
study. Treatment with denosumab for 36 months in Japanese
subjects with osteoporosis was well tolerated based on the
findings of the extension phase in all, as was also demonstrat-
ed with up to 8 years of exposure in the FREEDOM study
(3 years) and the FREEDOM extension study (5 years)
[9–11].

This extension phase in DIRECT has several limitations.
The number of patients was relatively small and the extension
did not have a placebo arm. Due to the small number of
subjects, this study is considered to have inadequate power
to detect adverse events with very low incidence such as
atypical femoral fractures. Additionally, since all subjects
received denosumab in the 12-month extension phase, it is
difficult to rigorously investigate long-term vertebral fracture
risk reduction. This study was not designed to observe the
significant difference in non-vertebral and hip fractures and
could not provide the direct effects on these fractures in

Japanese patients but the positive relationship between total
hip BMD increase and nonvertebral fracture risk reduction has
been demonstrated in the FREEDOM study [16] and contin-
uous BMD increase at the total hip was observed in DIRECT.
Therefore, nonvertebral fracture risk reduction in Japanese
patients with osteoporosis would be also expected.

In conclusion, a 12-month extension phase of DIRECT in
Japanese subjects with osteoporosis showed that 3 years of
denosumab treatment in Japanese postmenopausal women
and men with osteoporosis was associated with low fracture
rates, persistent BTM reductions, continuous BMD increases,
and a favorable overall benefit/risk profile.
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